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Preface
Today more than ever, increased crop production depends on judicious use of
resources. In addition, issues such as climate change/variability, soil carbon sequestration, and
long-term food security have become increasingly important. Thorough understanding of soil,
plant, and atmosphere systems can make a valuable contribution to predict crop performance,
resource use and environmental impacts and management scenarios. It greatly facilitates the
task of optimizing crop growth and recommendations for crop management using the
principles of Agro-technologies like agroecology, agrobiodiversity, effective management
practices, and biotechnology. The dynamic system of soil-plant-atmosphere can be made more
valuable through understanding the aspects of crop responses, resource (eg, soil and water)
use and environmental impacts under management scenarios.
Two of the many possible practices of sustainable agriculture are crop production
management and soil management, both are designed to ensure that crops being cultivated
can obtain the necessary nutrients for healthy growth. With advent of renovated and recent
technologies through improving soil-plant-atmosphere systems the agricultural productivity
has been turning towards sustainability.
The training on ‘Advances in technologies for improving soil, plant, and atmosphere
systems’ to the faculty members in SAUs will virtually be helpful for better understanding the
farming as a sustainable, ecologically stable, self-contained unit, biologically complete and
balanced--a dynamic living organic whole...The term thus did not refer solely to the use of
living materials (organic manures, etc.) in agriculture, but with its emphasis on 'wholeness'
characterizing systematic connection or coordination of parts of the one whole.
Since the establishment of Centre of Advanced Faculty Training (erstwhile Center of
Advanced Studies) in 1995, 25 training programmes have been organized on various themes of
Soil Science. The present training programme as been organized on “Advances in Agrotechnologies for Improving Soil, Plant and Atmosphere Systems” for Asst.
Professors/Scientists, Assoc. Professors/Sr. Scientists of SAUs, ICAR institutes and other
Agricultural institutes with Masters degree in Soil Science & Agricultural Chemistry /
Agronomy / Horticulture from 11-31 October, 2012.
I feel my proud privilege to acknowledge my sincere thanks to Dr. S. Ayyappan,
Hon’ble Director General (ICAR) & Secretary (DARE), Dr. Arvind Kumar, Deputy Director
General (Education) ICAR and Dr. Kusumkar Sharma, ADG (HRD), ICAR for their keen interest
in the CAFT project at JNKVV, Jabalpur. My sincere thanks are also due to Dr. N.N. Pathak,
Hon’ble Vice Chancellor, JNKVV, Jabalpur for his relentless efforts, keen interest and full
support in CAFT activities.
My sincere thanks to Dr. S.S. Tomar, Dean Faculty of Agriculture and Director Research
Services, Dr. P.K. Mishra, Director Instruction, Dr. K.K. Saxena, Director Extension Services and
Dr. D.K. Mishra, Dean, College of Agriculture, JNKVV, Jabalpur for their valuable cooperation
to CAFT.
I would like to express my special thanks and gratitude to Dr. T.K. Adhya, Former
Director, CRRI, Cuttack who has been nominated as an expert for evaluating the course
programme, guest speakers and faculty members for imparting their expertise in their
respective field of specializations.
I convey my thanks and appreciations also to my colleagues, members of various
organizing committees and people voluntarily extended their coordination and cooperation at
their utmost abilities during entire programme of the training.

Jabalpur
October 2012

(A.K. Rawat)
Director, CAFT
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Enhancing Productivity of Poor Quality Waters in Agriculture
S.K. Chaudhari
Professor & Head,
Soil & Crop Management Division
Central Soil Salinity Research Institute, Karnal – 132 001 (Haryana)
Global irrigated agriculture scenario is
changing rapidly, more so in the areas
receiving less rainfall. Fresh water availability
to agriculture is reducing day-by-day due to
inter-sectoral competition and pressing
demands from domestic sector. The estimates
for India show that reduction could be 10 to
12% by 2025. In the back drop of this grim
scenario, agriculture sector will be left with no
alternative than to use poor quality water for
its irrigation requirement. The ground water
surveys in India indicate that different states
use poor quality ground water that constitutes
about 30-80% of total ground water
development containing varying soluble salt
concentrations (Minhas and Gupta, 1992;
Minhas and Bajwa, 2001). Ground water of
arid regions is largely saline while it is sodic in
semiarid regions. Salinity and sodicity of
underground irrigation water coupled with
nutrient deficiencies and/or specific ion toxicity
pose a serious problem for sustaining crop
productivity in the country. In addition to
reduced productivity, it deteriorates the quality
of produce and also limits the choice of
cultivable crops.
Long-term use of such water results in
increased soil pH, and accumulation of
exchangeable
Na,
increasing
salt
concentration, creating a hostile environment
in the soil rhizosphere, which adversely
affects plant growth. Irrigation with sodic water
also leads to soil dispersion and clogging of
pores due to clay migration (Grattan and
Oster, 2003). Eventually, soil aeration and
permeability are adversely affected. It
necessitates the development of special
physiological, agronomical and nutrient
management practices to minimize the
adverse effects on soil properties and crop
yield. The solutions needed to achieve
sustainable soil quality and plant production
using poor quality water are salt tolerant plant
species, cropping strategies that maintain
favourable
agronomic
conditions,
and
optimum and balanced nutrient availability at
active crop growth stages, periodic application
of non-sodic/ saline irrigation water, routine
monitoring of soil solution chemistry and
irrigation water quality, and periodic
application of chemical amendments to
neutralize sodium hazards on irrigated soils
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

(Oster and Shainberg, 2001). Efficient,
balanced
and
integrated
nutrient
management, irrigation and agronomic
management
strategies
are
extremely
important to increase yields to match the
potential yields obtained under good quality
irrigation water.
Extent and Distribution of Saline/Sodic
Water
Alluvial terrain of Indo-Gangetic plains
is one of the richest water bearing formations
where aquifers are extensive, thick and
extend beyond 150 meters. As far as quality
of ground water in terms of irrigation
parameters is concerned, no systematic
attempts have been made so far in the
country for arriving at authentic estimates of
sodic/saline or high SAR saline ground water
resources. However, the first approximation
estimates suggest that 32-84% of the ground
water resources of Indian states are either
saline/or sodic and high SAR saline. Ground
water is dynamic in nature and generally in
equilibrium with Ca ions in the areas of
discharge. When ground water approaches
the surface, CO2 escapes and its pressure
dropped leading to precipitation of calcite and
sometimes
magnesium.
Under
these
circumstances if evaporation process remains
2+
strong, even Ca precipitates as gypsum
making the ground water sodic. But
consequently on mineralization, the ground
water in arid and semiarid areas change from
2type to Cl-Na with
alkaline HCO3-SO4
formation of Kankar in the intervening stage.
High salinity ground water is mostly
prevalent in arid parts of north-western states
like Rajasthan, Haryana and Punjab while
alkali water is distributed mainly in semiarid
parts of India where annual rainfall varies from
500-700 mm. As per Central Ground Water
Board (1997) estimates, in India an area of
1,93,438 sqkm is underlain with poor quality
ground water. Estimates further indicate that
out of the net total ground water draft of 7.14
M
ha-m in four states of IG basin, about
2.92 M ha-m of marginal/poor quality ground
water is used for irrigation. Ground water
quality distribution in some of the states in
India is given in Table 1. About 50% of ground
water is either marginal or poor in quality.
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Table 1. Water quality distribution (%) in
some states of India
States
Punjab
Rajasthan
Haryana
Uttar Pradesh
Madhya Pradesh
Gujarat
Karnataka
Average

Good
59
16
37
37
75
70
65
51

Marginal
22
16
8
20
10
20
10
15

Poor
19
68
55
43
15
10
25
34

Classification of Irrigation Water
Systematic attempts have been made
so far in the country to classify the poor quality
irrigation water. Irrigation water is classified
based on electrical conductivity (EC), sodium
adsorption ration (SAR) and residual sodium
carbonate
(RSC).
However,
from
management point of view, the groundwater in
different agro-ecological regions can be
grouped into three classes i.e. (a) good, (b)
saline and (c) alkali/sodic. Depending on the
degree of restriction, each of the two poor
quality water classes has been further
grouped into three homogenous sub-groups
(Table 2).
Table 2. Classification of poor quality
ground water
Water quality
a. Good
b. Saline
i. Marginally saline
ii. Saline
iii. High-SAR saline
c. Sodic/Alkali waters
i. Marginal alkali
ii. Alkali
iii. Highly alkali

ECiw
(dS/m)
<2

SARiw
(mmol/l)½
<10

RSC
(meq/l)
<2.5

2-4
>4
>4

< 10
< 10
> 10

<2.5
<2.5
< 2.5

<4
<4
variable

<10
<10
>10

2.5-4.0
>4.0
>4.0

Management of Saline Water Use
The management options mainly includes the
selection
of
crops,
improved
crop
management/ agronomic practices, improved
fertilizer, irrigation and nutrient management,
and other cultural practices but there seems to
be no single management measure to control
salinity of irrigated soil and several practices
interact and should be considered in an
integrated manner.
Selection of Suitable Crops
The selection of crops and cropping
sequences for saline irrigated soils is of
paramount importance, since crops vary in their
tolerance to salinity and are either too sensitive
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

or semi tolerant to tolerant to a given level of
salinity (Table 3). The selection of the first crop
will depend upon the degree of soil salinity after
the
basic
reclamation
measures
are
implemented. Since complete reclamation may
not be attainable in practice, the improvement
of the soil is gradual. Hence, crops that are
tolerant and can cope up with salinity are
preferred in the early phase of reclamation.
Appropriate cultivation practices and growing of
suitable crops help in leaching of salts and the
crop cover prevents re-salinization due to
evaporation. The crop production as a function
of soil salinity under field conditions has been
studied at CSSRI and it was found that
threshold tolerable soil salinity levels for wheat,
barley and mustard are 4, 7 and 6 dS/m,
respectively. After solving the salinity problem
in the affected area, wheat, barley and mustard
yields can be increased by 28, 30 and 13
percent, respectively. Further it was reported
that pearl millet and cotton could be grown in
saline soils up to ECe of 6.5 and 7.5 dS/m,
respectively without significant reduction in
yield.
Table 3. Salt tolerance of some important
agricultural crops
Salt
tolerance
Sensitive

EC values

Crops

ECt <1.2
EC0 <8

Moderately
sensitive

ECt 1.2- 3
EC0 8 - 16

Moderately
tolerant

ECt 3 - 6
EC0 16 - 24

Tolerant

ECt 6 -10
EC0 24- 32

Chickpea, Beans,
Sesame, Onion
Carrot, Green gram
Broad
bean,
Maize,Groundnut,
Sugarcane, Alfalfa,
Berseem
Radish,
Paddy, Cauliflower,
Chilly
Wheat,
Mustard,
Cowpea,
Oats,
Sorghum, Soybean,
Spinach
Pearl
millet, Muskmelon
Barley,
Cotton,
Sugar
beat,
Safflower

Crop Cultivars
Saline agriculture can provide food in
several ways. Appropriate salt tolerant plants
and their cultivars currently growing in saline
soil or water can be domesticated and their
seeds, fruits, roots, or foliage used as food. In
addition to inter-generic variations, crop
cultivars also vary in their tolerance to salinity.
Such cultivars (Table 4) have been identified
on their rating for high yield potential, salt
tolerance
and
stability
under
saline
environments.
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Table 4. Promising Cultivars for saline and
alkaline environments
Crop
Wheat

P. millet
Mustard

Cotton

Safflower
Sorghum
Barley

Paddy

Saline
environment
Raj 2325, Raj
2560, Raj 3077,
WH 157

MH269, 331, 427,
HHB-60
CS416,CS330,-1,
Pusa Bold

DHY 286, CPD
404, G 17060,
GA, JK276-10-5,
GDH 9
HUS 305, A-1,
Bhima
SPV-475,
881,
678, 669, CSH 11
Ratna,
RL345,
RD103,
137,
K169
CSR 30, CSR 36

Alkali
environment
KRL1-4,
KRL19,
Raj
3077, HI1077,
KRL 210, KRL
213
MH 269, 280,
427, HHB 392
CS15,
CS52,
Varuna, DIRA
336, CS 54, CS
56
HY6,
Sarvottam, LRA
5166
Manjira,
APRR3, A300
SPV 475, 1010,
CSH 1, 11, 14
DL4, 106, 120,
DHS 12
CSR 10, CSR
13, CSR 23,
CSR 30, CSR
36,

In conditions where crop production
with saline water use is neither feasible nor
economical, such water can be used to raise
tree species especially on lands that are
already degraded. The preferred choice of
species should be Azadirachta indica, Acacia
nilotica, A. tortilis, A. farnesiana, Cassia
siamea, Eucaluyptus teretecornis, Feronia
limonia, Prosopis juliflora, P. cineraria,
Pithecellobium dulce, Salvadora persica, S.
oleoides, Tamarix etc. Some medicinal plants
like Isabgol (Plantago ovata), Aloe and
Kalmeg have also been found promising
alternative to arable crops under saline
irrigation conditions.
Agronomic Management
Establishing a good crop stand in
saline irrigated soils is a challenging task.
Unlike normal soils, the agronomic practices for
crop production in saline irrigated soils are
different. An ideal package of cultural practices
besides soil fertility, nutrient and irrigation water
management can ensure a good crop stand visà-vis good yield.
Pre-sowing Irrigation: In saline soils, salt often
accumulate in the top few centimeters of the
soil during non-crop periods. Where high water
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

table exists, fallowing may result in excessive
salt accumulation in the root zone particularly in
arid and semiarid regions.
Under these
conditions both germination and yields are
adversely affected. A heavy pre-sowing
irrigation to leach the accumulated salts from
the root zone is very useful and essential to
improve germination and early growth.
Wherever available, pre-sowing irrigation
should be given with good quality canal water.
Deep tillage and inversion helps to reduce
salinity hazard.
Seed and Sowing: Due to inhospitable soil
environment, germination is adversely affected.
Mortality of young seedlings and poor tillering of
the crops are common in saline soils. Higher
seed rate and closer spacing are advisable to
counter these effects. For cotton, pearl millet,
sorghum, wheat, barley, mustard 25% higher
over the recommended seed rate for normal
soils ensures good crop stand. In case of
transplanted crops, the number of seedlings per
hill should be increased. The chemical
treatment of seeds and seedlings has been
reported to induce salt tolerance. In a field
experiment on saline soils (ECe 12 dS/m),
irrigated with saline water (ECiw 10.5 dS/m), the
highest yield of wheat was obtained when
seeds pre soaked in 3 percent sodium sulphate
solution were used. Sowing/planting practices
can often be modified to obtain a more
favourable salt distribution in relation to seed
location or growing roots. Since salt tends to
accumulate on the ridges under furrow method
of irrigation, furrow planting may help to obtain
better crop stand and yield under saline
conditions. The sowing of sugar beet on one
side of the ridge half way between top and
bottom, opposite to the sun direction gave
significantly higher yield than flat and ridge
sowing. The salt concentration in the root zone
under this method of sowing was comparatively
less owing to more accumulation of salts on
southern face of the ridge due to direct and
intensive solar radiation on this face.
Mulching: Crop residue at the soil surface
reduces evaporative water losses, thereby
limiting the upward movement of salt (from
shallow, saline ground water) into the root zone.
Evaporation and salt accumulation tends to be
greater in bare soils. Fields need to have 30
percent to 50 percent residue cover to
significantly reduce evaporation. Under crop
residue, soils remain wetter, allowing fall or
winter precipitation to be more effective in
leaching salts, particularly from the surface soil
layers where damage to crop seedlings is most
likely to occur. Plastic mulches used with drip
3

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


irrigation effectively reduce salt concentration
from evaporation. Subsurface drip irrigation
pushes salts to the edge of the soil wetting
front, reducing harmful effects on seedlings and
plant roots.
Improved Irrigation Management: On-farm
water management technology includes
proper land leveling and shaping, efficient
design and layout of irrigation methods,
scientific scheduling of irrigation under both
adequate and deficient water supply
conditions, irrigation management under high
water table depths and crop planning for
optimum water use. In saline soils,
evapotranspiration needs of crops are
modified by the presence of soluble salts. The
water availability decreases with increasing
salinity of the soil. In this case both matric
potential and osmotic potential must be
considered
while
deciding
irrigation
scheduling in crops. Light and frequent
irrigations have to be adopted to keep the soilwater potential at low levels.

Modifications in seed bed e.g. sowing near the
bottom of the furrows on both sides of the
ridges and applying irrigation in alternate row
and to seed on the north-east side of the
ridges, is recommended. For the larger
seeded crops, the seeds can be planted in the
furrows. The furrow irrigation and bed planting
system (FIRB) has been found better than
conventional planting in cotton/pearl millet –
wheat rotations. Adoption of measures for
better intake of rainwater (tillage to open up
soil) and its conservation in soil via checking
unproductive evaporation losses (soil/straw
mulching) is recommended during monsoon
season (Fig. 1).

Laser Land Leveling: Land leveling is a
precursor to good agronomic, soil and crop
management practices and the levelness of
the land surface has significant influence on
all the farming operations including salt
distribution. Laser land leveling, the process of
smoothening the land surface within + 2 mm
from its average elevation using laser
equipped drag scrapper is one of the few
mechanical inputs in intensively cultivated
irrigated farming, that meets the objectives of
achieving a better crop stand, save irrigation
water, improve the input use efficiencies and
uniform distribution of salts on the soil surface
to reduce the patchy growth.
Irrigation Methods: The irrigation methods are
generally categorized as surface, subsurface
and sprinklers/drip. Leaching of saline soil with
irrigation water is reported to be more efficient
when the soil is maintained in unsaturated
condition and the rate of water flow is kept
relatively slow. Therefore, flood method of
irrigation is inferior to sprinkler method in
leaching of saline soils. The drip method of
irrigation is also suitable for saline water
irrigation and helps in maintaining a zone of low
salt concentration and higher moisture content
resulting in favorable condition for crop growth.
In addition to leaching salt below the root zone,
salts can also be moved to areas away from the
primary root zone with certain crop bedding and
surface irrigation systems. The goal is to ensure
the zones of salt accumulation stay away from
rhizosphere.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Fig. 1. Bed planting system (FIRB) of wheat
cultivation and salt distribution in the
system
Alternate furrow irrigation may be
desired for single-row bed systems. This is
accomplished by irrigating every other furrow
and leaving alternating furrows dry. Salts are
pushed across the bed from the irrigated side of
the furrow to the dry side. Care is needed to
ensure enough water is applied to wet all the
way across the bed to prevent build-up in the
planted area. This method of salinity
management can still result in plant injury if
large amounts of natural rainfall fill the normally
dry furrows and push salts back across the bed
toward the plants. This phenomenon also
occurs if the normally dry furrows are
accidentally irrigated.
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Irrigation Scheduling: The time, frequency
and quantity of irrigation depend largely on
water requirement of crops, climatic conditions,
and soil characteristics including texture,
infiltration rate, moisture- tension relationship,
irrigation methods, water quality and water
table. Sorghum, pearl millet, cotton, guar, moth,
wheat, barely and mustard cannot tolerate
standing water and also relatively wet moisture
regime whereas linseed and sugar beet will
perform better with such a regime. Enough
moisture should be present at the time of
flowering and seed development stage. Salt
accumulate gradually in the root-zone of
plants with each saline irrigation and
ultimately reach detrimental levels causing
reduction in crop yields if leaching does not
take place. However, proper irrigation and
leaching practices can prevent excessive
accumulation of salts in the root zone.
Improved Fertilizer Management: The
accumulated salts in saline soils can affect the
nutrient availability for plants in following
ways: by changing the forms in which the
nutrients are present in soils; by increasing
the losses through leaching when the saline
soils are leached heavily or as in nitrogen
through denitrification or by precipitation in
soils; through interactive effects of cations and
anions; and through the effects of
complementary (non-nutrient) ions on nutrient
uptake. The salt affected soils are often poor in
most of the essential plant nutrients owing to
lack of vegetation and low organic matter
content. Nitrogen deficiency is widespread in
saline soils and a large fraction of the applied
nitrogen is lost in gaseous forms under high soil
salinity. Availability of phosphorus increases up
to a moderate level of salinity but thereafter it
decreases.
Organic Manures: Bulky organic materials
have not only the nutritive value, but play an
important role in structural improvements,
which further influences leaching of salts and
reduce their accumulation in the root zone.
The other advantages of these materials in
saline water irrigated soils are in terms of
reducing the volatilization losses and
enhancing nitrogen-use efficiency and the
retention of nutrients in organic forms for
longer periods also guards against their
leaching and other losses. However, when
salinity of the irrigation water is high, the
percent response was less when referenced
to yields where no organics were applied. It
seems that addition of organic materials
temporarily immobilize the NH4-N and

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

subsequently release the organically bound N
to crops during the growth season.
Management of Sodic Water Use
Crop Selection: The guiding principle for
choosing the right kind of crops and cropping
patterns suitable for sodic water is to select only
those crops whose sodicity tolerance limits are
lower than the soil sodicity (ESP) expected to
build with use of that water. Under average
conditions of water use, the expected root zone
sodicity can be approximated by 1.5  SARiw in
fallow- wheat, 2.0  SARiw in millet- wheat and
3.0  SARiw in rice-wheat cropping sequences.
Thus, based on the expected ESP to be
developed, the sodicity tolerant crops and their
varieties can be grown (Table 5).
Table 5.
ESP
levels
10-15
16-20
20-25
25-30
30-50

50-60
60-70

Relative tolerance to sodicity of
soils
Suitable crops
Safflower, Mash, Peas, Lentil,
Pigeon-pea, Urd-bean, Banana
Bengal gram, Soybean, Papaya,
Maize, Citrus
Groundnut, Cowpea, Onion, Pearlmillet, Guava, Bel, Grapes
Linseed, Garlic, Guar, Palmarosa,
Lemon grass, Sorghum, Cotton
Mustard, Wheat, Sunflower, Ber,
Karonda, Phalsa, Vetiver, Sorghum,
Berseem
Barley,
Sesbania,
Paragrass,
Rhoades grass
Rice, Sugarbeat, Karnal grass

Improved Irrigation Management: Among
methods of irrigation, conventional irrigation
practices such as basin irrigation can be
adopted successfully. Sodicity hazard can be
reduced to a good extent by using sodic water
by mixing with or its cyclic use with good water.
This can reduce the requirement of gypsum and
simultaneously additional area can be brought
under protective irrigation. The sodicity (ESP) of
surface soil where the most roots interact
defines the potentiality of dispersion, surface
crusting and ultimately the infiltration problems.
For practical purposes, information on above
aspects is required for deciding the suitability of
water for periodic build-up of salinity and
sodicity in the agriculturally most important soil
layer (surface 0.3 m).
Continued irrigation with alkali water alone
(AW; ECw 2.3 dS/m, RSC 11.7 meq/l, SAR
15) in paddy-wheat rotation for 6 years has
been observed to increase pH, ECe, SARe and
5
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ESP of sandy loam soil (pHs 7.8, ECe 0.7
dS/m, ESP 5.3, organic matter 2.9 g/kg soil,
clay 15%) compared with good quality water
(GW; ECw 0.5 dS/m, RSC nil). However, the
rate of increase was high during the initial
years; thereafter these parameters get more
or less stabilized. In the above case, the
average values of pH, ECe, SARe and ESP at
the end of experiment in soil irrigated with AW
were 8.71, 3.80 dS/m, 19.1 mmol/l and 27.3,
respectively (Minhas et. al., 2007). The
development of sodicity depends on the
equilibrium between the processes of
precipitation of calcite and other minerals
on concentration of soil solutions with
water uptake during the irrigation season
and the rainfall induced release of divalent
cations both from exchange sites and
dissolution of calcite and other minerals.
Gypsum Bed Technique: Adverse effect of
alkali water on supply of Ca and physical
properties of soils can be mitigated by
amendment of such water with Ca-bearing
substances like gypsum. Gypsum is the
cheapest source of Ca and it is available in
abundance in India. Other amendments like
phospho-gypsum, pyrites, acids or those
forming acids [H2SO4, FeS2, S, Al2(SO4)] can
also be used which on reaction with soil CaCO3
release Ca2+. The amount of agricultural grade
gypsum (70% purity) for neutralization of each
meq /l of RSC is about 12 kg/ha-cm depth of
irrigation. This way the amount of gypsum
requirement can be worked out on the
basis of quality and quantity of irrigation
water required. Gypsum bed technique is a
way to reclaim sodic water. In this set-up, sodic
water is passed through gypsum beds,
a specially designed chamber filled with
gypsum clods. The gypsum chamber is a brickcement-concrete chamber (Fig. 2). Size of
chamber depends on tube well discharge and
RSC of water. This chamber is connected to
water fall box of tube well on one side and to
water channel on the other side. A net of
iron bars covered with wire net (2 mm  2 mm)
is fitted at a height of 10 cm from the bottom
of the bed.
Farmers can also convert waterfall
chamber of their tube wells into gypsum
chamber with little modifications. Sodic water
flowing from below dissolves gypsum placed in
chamber and reclaims it. RSC of water from
tube well discharge of 6 litre/sec decreased
from 5. 5 to 1.9 meq /l by passing it through a
chamber of size 2 .0 m 1.5 m  1.0 m.
However, this method is not suitable for
reclaiming very high RSC water (>12 meq/l)
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

because the size of the chamber required to fill
the huge quantity of gypsum needed to
neutralize such high RSC becomes too large. It
has also been observed that the gypsum
bed water quality improvement technique
does not dissolve >8 meq/l of Ca. Though
crops under both the rotations (paddy-wheat,
sorghum-mustard) responded to the application
of gypsum in either of the methods, overall
response of crops was slightly more in
case of sodic water which was ameliorated
(3-5 meq/l ) after passing through gypsum
beds.

Fig. 2. Cross-section diagram and gypsum
or pyrite beds
Organic Manures: Application of organic
manures, besides adding plant nutrients, brings
out improvement in the chemical, physical and
biological properties of the soil. Increased crop
growth resulting from the addition of manures
tends to promote soil aggregation, reduce crust
formation and causes rapid increase in
the biological activity of the soil. It was found
that green manuring with dhaincha during
summer produced rice yield as much as 80 kg
N/ha. Subsequent studies showed that
incorporation of 60 days old dhaincha turns
about 60 kg N/ha.
6
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Health and Quality of Salt Affected Soils of India in Changing
Climate Scenario
S.K. Chaudhari
Professor & Head
Soil & Crop Management Division
Central Soil Salinity Research Institute, Karnal – 132 001 (Haryana)
The nature has provided the mankind
with four basic resources of climate, water,
soil and biodiversity to meet the survival
needs.
Rational use of these natural
resources to meet the needs and not the
greeds will determine the longevity of
civilizations. During last more than three
decades, these resources have been
stretched and over exploited to meet food,
fibre and shelter requirements of burgeoning
human and livestock populations. Over
exploitation of water, soil and biodiversity has
resulted in their degradation in terms of quality
and availability. The food grain production in
the country is revolving around 210 to 215
million tonnes since 2001-2002 owing to the
adverse impact of weather abnormalities
despite
the
advanced
technology.
Anthropogenic emissions of green house
gasses have considerably increased due to
faulty agricultural practices and has resulted in
climate change and global warming of the
planet (Swaminathan, 2002; Ramakrishna,
2007). Carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), hydrofluoro-carbons
(HFCs), perfluoro-carbons (PFCs) and sulphur
hexafluoride (SF5) are the six important gases
which are responsible for the current global
warming. It has been reported that increase in
CO2 concentration in the atmosphere during
last 50 years has almost surpassed the
increases reported during last 1000 years.
The mean global annual temperatures
o
increased between 0.4 to 0.7 C during the last
century. The year 2005 has been reported
the warmest year so far. Almost all the years
in the current decade recorded extreme
weather events, and the year 2007 has also
been declared as one of the warmest years.
Since last several years the wheat production
in the country remained stagnated due to
increase in temperature during reproductive
phase of the crop across the wheat growing
regions. As per FAO records, the wheat
stocks have exhausted to its lowest level
since 1980. The reasons attributed for such a
shortfall include abnormal weather conditions
in Australia, Ukraine, Argentina and Russia.
Melting of glaciers, see level rise, submergence of islands/coastal areas and
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

change in rainfall and temperature pattern
over the next century are predicted. This
change is bound to effect water availability,
bio-diversity pattern, demand a new set of
land use pattern including enterprises,
commodities, crops and varieties. Global
warming related ozone depletion has also
been reported which may lead to increased
UV radiation with far reaching adverse impact
on earth’s environment and human as well as
livestock populations including microbial
communities. Such effects of climate change
have already started impacting agricultural
productivity in several agroclimatic regions
and sub-regions of India. The country
experienced one of the severest droughts of
the last century during 2002 that lowered food
grain production by more than 29 million tons.
The cold waves of 2002-2003, 2005-2006,
2007-2008 caused significant damage to
winter crops in the states of Punjab, Haryana
and Western UP. The heat wave of March,
2004 in northern states coincided with the
reproductive phase of wheat slowed down the
translocation of photosynthetic assimilates
from vegetative parts to grains and lowered
the production by more than 4 million tons.
Unexpected heavy rainfall (about 20 cm in 48
hours) during February, 2007 caused
extensive damage to wheat and other Rabi
crops in Haryana. The monsoon behaviour in
2007 over Kerala was totally different to that
of previous years and very heavy rains were
observed between June and September
leading to severe flooding in low lying areas.
Like several past years May, 2008 has also
experienced low temperature and monsoon
like weather conditions. Predicted spatial
redistribution of precipitation, droughts, floods,
heat waves, cold waves and water balance
will change the land use pattern, cropping
systems, pests and diseases.
Net impact on the productivity will be
the resultant of contrasting effects of
increased temperature and carbon dioxide
concentration depending upon C3 or C4 plant
and their cultivation in temperate or tropical
region. These concerns are likely to provide
ample opportunities to the agronomists to plan
and execute research to deal with future
8
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Impact of Climate Change on Agriculture
The climate change will effect crop
yields and cropping pattern due to direct
effects
of
changes
in
atmospheric
concentrations of green house gases in
general and CO2 in particular (Aggarwal and
Sinha, 1993). Carbon dioxide is a perfect
example of a change that could have both
positive and negative effects. Carbon dioxide
is expected to have positive physiological
effects through increased photosynthesis.
This impact should be higher on C3 crops
such as wheat and rice than on C4 plants like
maize and grasses. It has been reported that
under optimum conditions of temperature and
humidity, the biomass increase could reach
nearly 36% for a doubling of CO2. This clearly
indicates that the direct effects of changes will
be through the change in temperature,
precipitation and radiation. However, indirect
effects will bring changes in soil moisture and
infestation by pests and diseases because of
rising temperature and relative humidity. The
direct effects of increased carbon dioxide
concentrations in the atmosphere are
considered to have promoting effect on the
growth and productivity of crops as explained
earlier. The indirect effects through the
increase in temperature will reduce crop
duration, increase crop respiration rates,
increase
evapotranspiration,
decrease
fertilizer use efficiencies and enhanced pest
infestation. Possible impact of climate change
on wheat production in India has been worked
out by the climate scientists for the period
between 2000 to 2070 (Fig.1). There are
general consensus that the yield of main
season (Kharif) crop will increase due to the
effect of higher carbon dioxide levels
(Aggarwal and Mall, 2002). However, large
yield decreases are predicted for the Rabi
crops because of increased temperatures.
One of the potential effects of climate change
on agriculture will be the shifts in the sowing
time and length of growing seasons, which
would alter sowing and harvesting dates of
plants, crops and varieties. High temperature
induced higher evapotranspiration would call
for much greater efficiency of water and
nutrients. Changed weed flora and pests
would
require
special
methods
of
management and control, a challenge for
agronomy and plant protection community.
There may be a shift in climatic zones due to
increased temperatures. In mid-latitudes, the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

o
shift is expected to 200-300 kms for every 1 C
rise in temperature (IUCC, 1992); Morey and
Sadhaphal (1981) reported a decrease of
wheat yield by 400 kg ha-1 for a unit increase
o
of 1 C temperature and 0.5 hour sunshine.
Similar observations were recorded by Hundal
and Parabhjot Kaur (2007) under Punjab
conditions. Their analysis revealed that an
increase of temperature from normal can
decrease the wheat yields in the following
order:



Temperature increase in 4th week of
January decreased the grain yield by
0.99, 0.66, and 0.70 per cent per degree
centigrade for wheat sown in 4th week of
October, 1st week of November and 2nd
week of November, respectively.



A decrease in grain yield to the extent of
2.88 and 1.87 per cent per degree
increase in temperature occurred when
th
wheat was sown in 4 week of October
st
and 1 week of November, respectively.



Increased temperature during the second
fortnight of February decreased wheat
yield by 2.40, 3.30, 2.15, 1.26 and 0.69
per cent per degree increase when wheat
was sown in fourth week of October, first
th
week of
week, second week, 4
November and first week of December,
respectively.



Maximum decrease to the tune of 2.40,
2.10, 2.98, 3.51 and 3.15 % occurred
when temperature rose during first
fortnight of March in case of wheat sown
in fourth week of October, first week,
second week, fourth week of November
and first week of December, respectively.



A yield loss of 1.24, 2.15 and 3.40%
occurred in wheat sown in second week,
fourth week of November and first week of
December,
respectively
when
nd
temperature increased during 2 fortnight
of March.
80
P ro duc tio n ( M to ns )

scenarios of climate to sustain agricultural
productivity and food and nutritional security in
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21 century.
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Fig. 1. Possible Impact of Climate Change
on Wheat Production in India
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Vijay Cuddeford (2002) reported that
the area under rice may show a declining
trend because several current rice varieties
may not set grain under enhanced
temperature conditions. There will also be
less water for rice cultivation which may
necessitate the need of adoption of water
saving techniques such as Systems of Rice
Intensification (SRI), arobic rice, direct seeded
rice etc. The effect will be more pronounced
in the drought prone areas where rice is
cultivated as rainfed crop. Samra and Singh
2002), however, have suggested several
strategies and contingent crop plans to
negate/moderate the impact of sub-dued
rainfall/drought in different agro-meterological
sub divisions of the country. Large scale
impacts of climate change on the oceans will
include; increase in sea level, increase in sea
surface temperature, decreases in sea-ice
cover, changes in salinity/alkalinity, wave
climate and ocean circulation. Further, with
global warming and associated sea level rise,
many coastal systems will experience:
increased levels of inundation and storm
flooding, accelerated coastal erosion, sea
water intrusion into fresh ground water,
encroachment of tidal waters into estuaries
and river systems, elevated sea surface and
ground temperatures. Further, change in
climate is expected to increase both the
evaporation and precipitation.
If rate of
evaporation exceeds the rate of precipitation,
soil becomes drier, lake levels will drop and
rivers will carry less water. Warm water in
lakes and reservoirs will likely to increase the
blue-green algae and other nuisance lower
plants that may reduce the levels of dissolved
oxygen and adversely affect the fish
productivity. With rise in temperature many
fish species will try to shift to find out the
cooler regions, either they move upstream of
river or in the greater depths. Researchers
forecast substantial shift in fish habitats,
disrupt pattern of aquatic plant and animal
distribution and alter the fundamental ecosystem process that will result in major
ecological change. Kumar and Parikh (1998)
worked out economic loss between 9 to 25%
o
for a temperature rise of 2 to 3.5 C. Similarly,
Sanghi et al. (1998) predicted a loss of about
12.3% in net revenues for a rise of 2oC in
temperature and 7% increase in rainfall.
Coastal regions of Gujarat, Maharashtra and
Karnataka are predicted to be most negatively
affected. On the other hand, West Bengal,
Orissa and Andhra Pradesh are predicted to
benefit (to a small extent) from global
warming.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Health and quality of salt affected soils:
High concentration of salts in the root
zone soil reduces the productivity of nearly
6.73 mha of otherwise productive lands in
India. Similarly, 25% of the ground water
resources in the country are saline and
brackish. Certain states like Rajasthan and
Haryana located in the western part of the
country are endowned with 84 and 62% of
poor quality ground waters, respectively.
Continuous use of such waters for irrigation to
agricultural crops is bound to increase the
problem of salinity and sodicity in India.
Introduction of irrigation without making proper
provision for drainage is the major cause for
the development of salinity in canal
commands. The projections indicate that the
country will have 11.7 m ha area affected by
salinity and sodicity by 2025.
From
reclamation and management point of view,
the salt affected soils in India are broadly
placed into two categories; 1)alkali or sodic
soils and 2) saline soils. The alkali soils in
general are characterized by high soil pH
(upto 10.8), high exchangeable sodium
percent(ESP) upto 90, low organic carbon,
poor infiltration and poor fertility status. These
soils are dominated by sodium carbonate and
sodium bi-carbonate salts.
Presence of
excess amount of Na makes the soils
deflocculated resulting in poor physical
condition. On the other hand, the saline soils
have higher electrical conductivity (> 4ds/m),
low ESP(< 15%) and low pH(< 8.5). The
dominant salts in saline soils include chlorides
and sulphates of Na, Ca and Mg. Most of
these salts are soluble in nature and can be
leached out from the soil profile, if sufficient
quantity of water is available for leaching. The
Central Soil Salinity Research Institute was
established at Karnal in 1969 to develop
strategies for reclamation and management of
salt affected soils and judicious use of poor
quality ground water resources. During last
about 38 years of its existence, the institute
has developed and standardized several
location specific technologies for reclamation
and management of saline and alkali soils. A
brief account of these technologies is
discussed in this paper.
Different sources quote different
figures of area under salt affected soils in
India. Depending upon the methodology used
in estimation of salt affected soils, the quoted
figures vary from 4m ha to 26m ha. However,
in the recent past, the figure of area under salt
affected soils in India has been reconciled in a
joint consultation of CSSRI, Karnal, National
10
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Bureau of Soil Survey and Land Use
Planning, Nagpur, National Remote Sensing
Agency & State Remote Sensing Agencies.
As per reconciled figures, there are 6.73 m ha
salt affected soils in India. Sodic soils and
saline soils constitute 3.77 and 2.96 m ha,
respectively. The state wise area is given in
Table 1.
In case the present trend of
degradation continued, the projections are
that India will have 11.7 m ha area affected by
soil salinity and alkalinity. About 25 per cent of
the ground water resources are saline and
sodic and as such are not suitable for
irrigation of field crops. Present use of poor
quality waters in different states is given in
Table 2.
Table 1: State wise Area of Salt Affected
Soils in India
State

Saline

Sodic

Total

Andhra
Pradesh
Andaman &
Nicobar Island
Bihar

77598

196609

274207

77000

0

77000

47301

105852

153153

Gujarat

1680570

541430

2222000

Haryana

49157

183399

232556

Karnataka

1893

148136

150029

Kerala

20000

0

20000

Madhya
Pradesh
Maharashtra

0

139720

139720

184089

422670

606759

Orissa

147138

0

147138

Punjab

0

151717

151717

Rajasthan

195571

179371

374942

Tamil Nadu

13231

354784

368015

Uttar Pradesh

21989

1346971

1368960

West Bengal

441272

0

441272

Total

2956809

3770659

6727468

Projections by 2025 : 11.7 million ha
Table 2: Percentage Use of Poor Quality
Waters in Different States
State
Andhra Pradesh
Gujarat
Haryana
Karnataka
Madhya Pradesh
Rajasthan
Uttar Pradesh

Percentage
(estimated values)
32
30
62
38
25
84
47

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Health and quality of alkali soils
Alkali
soils
contain
excessive
concentration of sodium carbonate and biocarbonate, which are insoluble in nature.
These salts need to be replaced with salts like
calcium to replace them from the exchange
complex. Several amendments like gypsum,
pyrite, press mud, farm yard manure, sulfuric
acid etc. were tried for reclamation of alkali
soils. Based upon efficiency, cost and easy
availability, gypsum (CaSO4, 2H2O) has been
identified as the most efficient and promising
amendment for reclamation of alkali soils
(Abrol and Bhumbla, 1979). Application of 15
tonnes of gypsum per ha, its mixing in upper
10 cm soil, followed by water application to
facilitate gypsum dissolution and reaction is
recommended for reclamation of soils having
original pH2 of 10.4. After gypsum application,
rice-wheat crop rotation is followed for three to
four years. Cultivation of Sesbania as green
manure crop after wheat harvest hastens the
reclamation process. After 3-4 years of ricewheat cultivation, several other diversified
crops like barseem(Trifolium alexendrium),
shaftal(Trifolium resupinatum), mustard and
pulses can be successfully grown.
By adopting this technology about 1.3
m ha alkali lands in the States of Punjab,
Haryana and Uttar Pradesh have been
reclaimed. The reclaimed area is contributing
nearly 8 to 10 m tones of additional food
grains to the central pool and about 175
millian mandays of employment has been
generated per year.
Health and quality of saline waterlogged
soils
Introduction of irrigation in arid and
semi arid areas without adequate provision for
drainage of excess water, a sizeable area has
gone under waterlogging and salinity. The
workers at CSSRI standardized sub-surface
drainage design criteria for different kinds of
soils in the country to lower the water table and
remove salts from the crop zone soil profile(Rao
and Harrison, 1991). The sub surface
drainage(SSD) technology involves laying of
PVC pipes at about 1.2 to 1.4 m depth to take
out excess water from the soil. Several pilot
projects undertaken in different regions of the
country proved that waterlogged saline soils
can be successfully reclaimed through this
technology. Strategies for the disposal of
drainage effluent have also been standardized.
The state wise drainage area covered is given
in Table 3
11
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Table 3 : State wise drainage area covered
State

Irrigation command

Rajasthan

Chambal
Indira Gandhi
Nahar Priyojana
Western Jamuna
Canal
Bhakra Canal
South West Punjab
Uppeer Krishna
Tungabhadra
Malparbha/Ghatpar
bha
Nagarjuna Sagar

Haryana

Punjab
Karnataka

Andhra
Pradesh

Madhyua
Pradesh
Maharasht
ra
Gujarat
Kerala
Assam

Area
covered, ha*
15,700
500
1450+3000*
1300+1000*
30+2000*
30
200
20
50

Krishana Western
Delta
Unspecified

50

Uncommanded/
Neera Canal
Coommand/others
Mahi-Kadana
Ukai-Kakrapar
Acid sulphate soils
Tea gardens

1000+1000*

50

150
80
30
15

(*Under Implementation/Approved Projects)
The perusal of the data in Table 3
indicates that average increase in productivity
by 45% in paddy, 111% in wheat and 215% in
cotton can be achieved. Increase in cropping
intensity under different sub-surface drainage
projects undertaken in the country is given in
Table 4.
Table 4: Change in Cropping Intensity
Place
Sampla
Ismaila
Gohana

After Increase
Before
drainage drainage (%)
0
200
73
148
103
117
175
50

Konanaki
70
Uppugunduru
130
Islampur (Karnataka)
ORP
0
Phase II
88

90
165

29
27

200
156

77

Some of the significant impacts of this
technology includes i)large scale adoption in
states
like
Haryana,
Rajasthan
and
Maharashtra covering an area of about 60000
ha, ii) generation of additional 128 mandays
per ha per year, iii) three fold increase in
income. Iv) minimum flood hazards and v)
livelihood security of the rural population.
However, high financial investment [about
Rs.50,000 (US $ 1250) per ha], difficulty in
maintenance of the drainage system, high skill
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

involved in installation and maintenance of
sub-surface drainage system, need of
community
participation,
environmental
problems associated with disposal of drainage
effluents, energy and money requirement to
pump the drainage water and social conflicts
associated with diversified cropping options in
the drainage area are some of the limitations
of this technology.
Health and quality of salt affected Vertisols
A sizeable area under vertisols in the
States of Gujarat, Madhya Pradesh,
Karnataka, Tamil Nadu and Maharastra is
affected by salinity and sodicity. These soils
are heavy textured containing clay content
more than 50% and are also underlain with
saline/brackish ground water resources.
Because of high clay content, these are
subject to periodic drying and wetting cycles
resulting in deep cracks. Reclamation of such
soils, ones the salinity is developed is a
difficult task.
The exchangeable sodium
percentage in these soils has more
detrimental effects on soil physico chemical
characteristics and crops. It is generally
believed that an ESP of about 8% is as
detriment to the crops as an ESP of 15-20 per
cent in sandy loam alluvial soils. Bio-saline
agriculture has tremendous scope for
reclamation and management of vertisols. A
number of salt tolerant plants having
economic value have been identified for
sustainable
management
of
vertisols.
Salvadora persica L (Meswak), a salt tolerant
facultative halophyte is identified as a
potential source for non-edible oil. It tolerates
salinity upto 50 dS/m and also responds well
to saline water irrigation. The saplings can be
raised using saline water of 15 dS/m.
Salvadora seeds are good source of nonedible seed oil rich in C-12 and C-14 fatty
acids having immense application in soap and
detergent industry. Its cost of cultivation
under field conditions including raising of
nursery has been worked out as Rs.2760/(US $ about 70) in the first year. The plant
after 5 years yield oil about 1800 kg per ha
which gives a net return of Rs.8400/- (US $
210) per year. Dill(Anethum graveolens) is an
another crop identified for cultivation in
moderately saline black soils. This nonconventional seed spice crop gives fairly good
yield on saline black soils having salinity 4-6
dS/m. Irrigating this crop with saline ground
water in conjunction with best available
surface water boosts up crop yields. The
studies indicated that if surface water is
available for one irrigation, it should be
12
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applied at seed formation stage and saline
water at the vegetative/flowering stages. Its
cost of cultivation in moderately saline soils
comes to about Rs.6000/ha (US $ 150) and
the crop yields net returns of Rs.16,500 (US $
413) per ha. Its benefit cost ratio has been
worked out at 2.75. This crop also offers an
opportunity to the farmers for raising a
successful crop in the rabi season on saline
soils hitherto remain fallow due to water and
salinity constraints. Similarly, other crops like
wheat and safflower can be grown with cyclic
use of good and poor quality ground water. In
case of safflower branching and flowering
stages are sensitive for saline water irrigation.
If surface water is available for one irrigation,
it should be applied at branching stage and
saline water at vegetative and flowering
stages. On the other hand, if surface water is
available for two irrigations, it should be
applied at branching and flowering stages and
saline water at vegetative stage. For highly
saline black soils underlain by highly saline
ground water, use of halophytic grasses like
Aeluropus lagopoides and Eragrostis have
been found ideal for bio-saline agriculture.
These grasses can be successfully grown
using saline water of EC 30-40 dS/m.
Dichanthium annulatum was found suitable for
cultivation in saline soils having salinity upto
12 dS/m. Similarly, Matricaria chemomilla and
Plantago ovata medicinal crops can be grown
in soils having pH2 upto 9.5 and salinity in the
range of 6-8 dS/m.

rice fields improves rice productivity
significantly.
Similarly, rice-fish system
proved highly useful to increase farmer’s
income. Application of 3-4 tonnes per ha of
lime in acid sulphate soils improved the rice
productivity markedly. Rain water harvesting
in dug-out farm pond for undertaking multienterprise agriculture with major emphasis on
saline aquaculture has tremendous scope to
sustain livelihood in coastal saline areas.
Some
of
the
strategies
to
negate/moderate the impacts of climate
change on health and quality of soils are
summarised below:


Developing new plant genotypes for
drought, heat and cold tolerance adapted
to climatic variability and ranges. There is
a strong case to screen and document the
already existing germplasm of crops,
trees, animals and even microbes about
their location specific response to such
changes. Based upon this screening,
location specific crop/variety calendars for
application according to changed situation
needs to be developed.



Devising agronomic practices which may
moderate/negate the impact of predicted
climate changes and promotion of
conservation agriculture practices such as
zero tillage, bed planting, residue
management and crop rotation.



There is a need to develop contingency
plans to coup-up with weather related
abrasions such as cold and heat wave
and drought prone regions.
These
contingent plans should be such that can
be practically implemented on a short
notice/warning.



Developing precision and accurate
forewarning mechanisms to reduce
production risks and for undertaking
preventive measures. There is a strong
case now to go for developing and
upgrading medium and long range
forecasting systems (15-20 days in
advance) so that farmers have reasonable
time to respond to risks.



Identification of genes for tolerance to
moisture, heat and cold stresses and
developing a canvas of transgenics
having tolerances to abiotic stresses.
Biotechnological approaches such as
pyramiding of genes should be a priority
area of future research in climate change.

Health and quality of Coastal Saline Soils
Major problems associated with the
coastal areas include; excess water during
Kharif and no water for summer/rabi crops,
high soil salinity, saline ground water at
shallow depth, heavy soil texture, poor
drainage condition, adverse climatic condition
of cyclones, high acidity of soils at places, low
efficiency of plant nutrients and nonavailability of suitable variety of crops to suit
the climate and the soil. As a result, the
coastal area is mostly mono cropped with
traditional rice varieties. Several options have
been developed for sustainable use of coastal
saline soils. Dorouv technology has been
developed for skimming fresh rain water
floating over saline ground water. This has
resulted in almost doubling productivity in
coastal areas of Andhra Pradesh. The salt
tolerant varieties of rice identified includes
CSR1, CSR2, CSR3, CSR4, CSR7-1,
Canning 7 and Smati for coastal saline soils.
Sapota and guava have been identified as
promising fruit crops. Cultivation of Ajola in
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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Reducing green house gas emissions
through
carbon
sequestration
in
different land use systems with major
emphasis on raising tree plantations on
degraded soils. Research on bio-diesel
/petro-crops such as Jatropha and
Pongamia which have potential to
substitute
fossil
fuels
needs
strengthening.
Since India cannot
afford to divert cultivable area from
grain crops to ethanol/bio-diesel
production, our priority should be to
extend cultivation of such plants on
degraded lands which constitute an
area of about 107 m ha.



Curtailing losses of methane and nitrous
oxide from cultivated fields by
increasing use efficiency of water,
nutrients, energy and other agronomic
manipulations.



Manipulation of crop micro climate by
means such as use of wind breaks,
tunnels or green houses to reduce the
effects of climate change.



Genetic
engineering/biotechnological
tools which can convert C3 plants into
C4 mode of photosynthesis to top the
increased CO2 in the environment for
higher biomass production. .



Develop knowledge based decision
support systems for translating weather
information
into
operational
management practices at district, block
and village Panchayat level.



Benchmarking of areas prone to climate
change impacts on agriculture and
livestock and periodic monitoring to
initiate timely preventive action.



Establishment of automatic weather
stations in all the 127 NARP zones to
provide value added agromet advisory
service to the farmers. There is also a
need to establish climate monitoring
towers/climatic control facilities at select
places in the country for periodic
monitoring of water, energy, gases and
salt fluxes. These facilities should be
used for designing location specific
cropping/farming systems



Promoting multi-enterprise agriculture to
reduce risk and for assured livelihood
security
in
areas
prone
to
weather/climate abrasions. Nearly 50%
of the farmers in India cultivate less
than one ha land. Integrated farming

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

system is a promising proposition for
such small holding


Improved management of livestock
populations including poultry through
better management of feeding and
livestock housing. Animal sector is the
major contributor for methane to the
environment.



Improving the efficiency of energy use
in agriculture by using better designed
efficient machinery and implements.



There is a need to develop crop
insurance and early warning systems to
reduce/negate the impact of climate
change and achieving stability in
production. There is also a need to
develop
weather-crop-livestock
relationships
and
weather-crop
modelling
for
forecasting
pest
infestations.



There is a strong case to intensify
efforts for increasing climate literacy
among all stakeholders of agriculture
and
allied
sectors,
students,
researchers, policy planners, science
managers, industry and farmers.
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Biochar is a name for charcoal when
it is used for particular purposes, especially as
a soil amendment. Like all charcoal, biochar is
created by pyrolysis of biomass. Biochar is
under investigation as an approach to carbon
sequestration to produce negative carbon
[1]
dioxide emissions. Biochar thus has the
potential to help mitigate climate change, via
carbon
sequestration.[2]
Independently,
biochar can increase soil fertility, raise
agricultural productivity and reduce pressure
on forests, though the degree to which results
offer long term carbon sequestration in
practice has been challenged.[3] Biochar is a
stable solid, rich in carbon and can endure in
[1]
soil for thousands of years.

History
Pre-Columbian
Amazonians
are
believed to have used biochar to enhance soil
productivity. They produced it by smoldering
agricultural waste (i.e., covering burning
[4]
[5]
biomass with soil) in pits or trenches.
European settlers called it terra preta de
[6]
Following
observations
and
Indio.
experiments, a research team working in
French Guiana hypothesized that the
Amazonian
earthworm
Pontoscolex
corethrurus was the main agent of fine
powdering and incorporation of charcoal
[7]
debris to the mineral soil.
The term “biochar” was coined by
Peter Read to describe charcoal used as a
soil improvement.[8]
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Production
Pyrolysis produces biochar, liquids and
gases from biomass by heating the biomass in
a low/no oxygen environment. The absence of
oxygen prevents combustion. The relative
yield of products from pyrolysis varies with
temperature. Temperatures of 400–500 ° C
(752–932 ° F) produce more char, while
temperatures above 700 ° C (1,292 ° F) favor
the yield of liquid and gas fuel components.[9]
Pyrolysis occurs more quickly at the higher
temperatures, typically requiring seconds
instead of hours. High temperature pyrolysis is
also known as gasification, and produces
[9]
primarily syngas. Typical yields are 60% biooil, 20% biochar, and 20% syngas. By
comparison, slow pyrolysis can produce
substantially more char (~50%). Once
initialized, both processes produce net
energy. For typical inputs, the energy required
to run a “fast” pyrolyzer is approximately 15%
[10]
Modern
of the energy that it outputs.
pyrolysis plants can use the syngas created
by the pyrolysis process and output 3–9 times
[5]
the amount of energy required to run.
The Amazonian pit/trench method[5]
harvests neither bio-oil nor syngas, and
releases a large amount of CO2, black carbon,
and other greenhouse gases (GHG)s (and
potentially, toxins) into the air. Commercialscale systems process agricultural waste,
paper byproducts, and even municipal waste
and typically eliminate these side effects by
capturing and using the liquid and gas
products.
Uses
The
burning
and
natural
decomposition of biomass and in particular
agricultural waste adds large amounts of CO2
and CH4 to the atmosphere. Biochar can store
large amounts of greenhouse gases in the
ground, potentially reducing or stalling the
growth in atmospheric GHG levels; at the
same time its presence in the earth can
improve water quality, increase soil fertility,
raise agricultural productivity and reduce
[17]
pressure on old-growth forests.
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Biochar can sequester carbon in the
soil for hundreds to thousands of years, like
[18] [19][20][21][22]
coal.
Such a carbon-negative
technology would lead to a net withdrawal of
CO2 from the atmosphere, while producing
and consuming energy. This technique is
advocated by prominent scientists such as
James Hansen, head of the NASA Goddard
[23]
and James
Institute for Space Studies,
Lovelock, creator of the Gaia hypothesis, for
mitigation of global warming by greenhouse
gas remediation.[24]
Researchers have estimated that
sustainable use of biocharring could reduce
the global net emissions of carbon dioxide
(CO2), methane and nitrous oxide by up to
1.8 Pg CO2-C equivalent (CO2-Ce) per year
(12% of current anthropogenic CO2-Ce
emissions; 1 Pg=1 Gt), and total net emissions
over the course of the next century by 130 Pg
CO2-Ce, without endangering food security,
habitat or soil conservation.[25]
Biochar is a high-carbon, fine-grained
residue which today is produced through
modern pyrolysis processes. Pyrolysis is the
direct thermal decomposition of biomass in
the absence of oxygen to obtain an array of
solid (biochar), liquid (bio-oil) and gas
(syngas) products. The specific yield from the
pyrolysis is dependent on process conditions,
and can be optimized to produce either
[26]
energy or biochar.
Soil amendment
For plants that require high potash
and elevated pH,[27] biochar can be used as a
soil amendment to improve yield. Biochar can
improve water quality, reduce soil emissions
of greenhouse gases, reduce nutrient
leaching, reduce soil acidity, and reduce
[28]
irrigation and fertilizer requirements.
These positive qualities are dependent on the
[29]
properties of the biochar, and may depend
on regional conditions including soil type, soil
condition (depleted or healthy), temperature,
[30]
Modest additions of biochar
and humidity.
to soil reduce nitrous oxide N2O emissions by
up to 80% and eliminate methane emissions,
which are both more potent greenhouse
[31]
gases than CO2.
Pollutants such as metals and pesticides seep
into soil and contaminate food supplies,
reducing the amount of land suitable for
agricultural production. Studies have reported
positive effects from biochar on crop
production in degraded and nutrient–poor
[32]
soils. Biochar can be designed with specific
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

[33]

qualities to target distinct properties of soils.
Biochar reduces leaching of critical nutrients,
creates a higher crop uptake of nutrients, and
provides greater soil availability of nutrients.[34]
At 10% levels biochar reduced contaminant
levels in plants by up to 80%, while reducing
total chlordane and DDX content in the plants
[35]
by 68 and 79%, respectively.
Slash and char
Switching from slash and burn to
slash and char techniques can decrease both
deforestation and carbon dioxide emission, as
well as increase crop yields. Slash and burn
leaves only 3% of the carbon from the organic
material in the soil.[36] while Slash and char
can sequester up to 50% of the carbon in a
[37]
Returning the biochar
highly stable form.
into the soil rather than removing it all for
energy production reduces the need for
nitrogen fertilizers, thereby reducing cost and
emissions from fertilizer production and
[38]
transport. Additionally, by improving the soil
tilth, fertility, and productivity, biochar –
enhanced soils can indefinitely sustain
agricultural
production,
whereas
nonamended soils quickly become depleted of
nutrients, forcing farmers to abandon the
fields. This produces a continuous slash and
burn cycle and the continued loss of tropical
rainforest. Using pyrolysis to produce bioenergy also has the added benefit of not
requiring infrastructure changes the way
processing biomass for cellulosic ethanol
does. Additionally, the biochar produced can
be applied by the currently used tillage
machinery or equipment used to apply
[39]
fertilizer.
Water retention
Biochar is a desirable soil material in
many locations due to its ability to attract and
retain water. This is possible because of its
[40]
porous structure and high surface area. As
a
result,
nutrients,
phosphorus
and
agrochemicals are retained for the plants
benefit. Plants are therefore healthier and
fertilizers leach less into surface or
groundwater.
Energy production: bio-oil and syngas
Bio-oil can be used as a replacement
for numerous applications where fuel oil is
used, including fueling space heaters,
[41]
Additionally, these
furnaces, and boilers.
biofuels can be used to fuel some combustion
turbines and reciprocating engines, and as a
[41]
source to create several chemicals. If bio-oil
is used without modification, care must be
17
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taken to prevent emissions of black carbon
and other particulates. Syngas and bio-oil can
also be “upgraded” to transportation fuels like
biodiesel and gasoline substitutes.[42] If
biochar is used for the production of energy
rather than as a soil amendment, it can be
directly substituted for any application that
uses coal. Pyrolysis also may be the most
cost-effective way of producing electrical
energy from biomaterial.[43] Syngas can be
burned directly, used as a fuel for gas engines
and gas turbines, converted to clean diesel
fuel through the Fischer–Tropsch process or
potentially used in the production of methanol
and hydrogen.[44]
Bio-oil has a much higher energy
[45]
density than the raw biomass material.
Mobile pyrolysis units can be used to lower
the costs of transportation of the biomass
itself if the biochar is returned to the soil and
the syngas stream is used to power the
[46][47]
Bio-oil contains organic acids
process.
which are corrosive to steel containers, has a
high water vapor content which is detrimental
to ignition, and, unless carefully cleaned,
contains some biochar particles which can
[48]
The greatest potential for
block injectors.
bio-oil seems to be its use in a bio-refinery,
where compounds that are valuable
chemicals, pesticides, pharmaceuticals or

Biochar is a solid material obtained
from the carbonisation of biomass. Biochar
may be added to soils with the intention to
improve soil functions and to reduce
emissions from biomass that would otherwise
naturally degrade to greenhouse gases.
Biochar also has appreciable carbon
sequestration value. These properties are
measurable
and
verifiable
in
a
characterisation scheme, or in a carbon
emission offset protocol.
This 2,000 year-old practice converts
agricultural waste into a soil enhancer that can
hold carbon, boost food security and
discourage deforestation. The process creates
a fine-grained, highly porous charcoal that
helps soils retain nutrients and water.
Biochar is found in soils around the
world as a result of vegetation fires and
historic soil management practices. Intensive
study of biochar-rich dark earths in the
Amazon (terra preta), has led to a wider
appreciation of biochar’s unique properties as
a soil enhancer.
Biochar can be an important tool to
increase food
security
and
cropland
diversity in areas with severely depleted soils,
scarce organic resources, and inadequate
water and chemical fertilizer supplies.
Biochar also improves water quality
and quantity by increasing soil retention of
nutrients and agrochemicals for plant and crop
utilization. More nutrients stay in the soil
instead of leaching into groundwater and
causing pollution.
Biochar is a Powerfully Simple Tool to
Combat Climate Change
The carbon in biochar resists
degradation and can hold carbon in soils for
hundreds to thousands of years. Biochar is
produced through pyrolysis or gasification —
processes that heat biomass in the absence
(or under reduction) of oxygen.
In addition to creating a soil enhancer,
sustainable biochar practices can produce oil
and gas byproducts that can be used as fuel,
providing clean, renewable energy. When the
biochar is buried in the ground as a soil
enhancer, the system can become "carbon
negative."

food additives are first extracted, and the
remainder is either upgraded to fuel or
[49]
reformed to syngas.
Biochar Is a Valuable Soil Amendment
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Biochar and bioenergy co-production
can help combat global climate change by
displacing fossil fuel use and by sequestering
carbon in stable soil carbon pools. It may also
reduce emissions of nitrous oxide.
18
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We can use this simple, yet powerful,
technology to store 2.2 gigatons of carbon
annually by 2050. It’s one of the few
technologies that is relatively inexpensive,
widely applicable, and quickly scalable. We
really can’t afford not to pursue it.
Biochar Technology
One of the most exciting new
strategies for restoring carbon to depleted
soils,and sequestering significant amounts of
CO2 for 1,000 years and more, is the use of
biochar.” “The principle barrier to the use of
this strategy is the lack of a price on carbon
that would drive the economy toward the most
effective ways to sequester it. There is
presently no formalized network of biochar
distribution channels or commercial scale
production facilities. But a stable price on
carbon would cause them to quickly emerge –
because biochar holds such promise as an
inexpensive and highly effective way to
sequester carbon in soil.”
There are many different ways to
make biochar, but all of them involve heating
biomass with little or no oxygen to drive off
volatile gasses, leaving carbon behind. This
simple
process
is
called
thermal
decomposition usually from pyrolysis or
gasification. These methods can produce
clean energy in the form of gas or oil along
with the biochar. This energy may be
recoverable for another use, or it may simply
be burned and released as heat. It’s one of
the few technologies that is relatively
inexpensive, widely applicable and quickly
scalable.

But biochar technology is more than
just the equipment needed to produce
biochar. Biochar technology necessarily
includes entire integrated systems that can
contain various components that may or may
not be part of any particular system.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Biochar for Paddy fields
More criticism is there for paddy than
any other crop as a cotributing factor for
global warming through Methane and Nitrous
oxide emissions, extensive and intensive use
of water, contributing to alkalinity of soils in
semi-arid areas, usage of heavy fertilizers,
etc. Application of biochar to paddy fields will
lessen all these impacts. Methane and Nitrous
oxide
emissions
reduction
too.
The
paddy fields grow better with more tillers,
height, better roots and finally more yield of
paddy. The biochar from paddy husk a
byproduct from using it for energy in many
applications is a very good source to apply
back to the paddy fields.
Biochar Sources and Crop Residue
Biomass from exotic and invasive
species of plants, crop residue and energy
plantations are the various sources.
Agriculture biomass available in India is about
800 million tons. Of the total biomass
produced from Agriculture at least 20 to 30 %
of biomass is wasted. Burning crop residue in
the respective fields is a common
phenomenon as preparatory measure of fields
before monsoon rains and otherwise too. The
percentage of crop residue burnt varies from
place to place and it is based on the type of
crop chosen. From the following major crops
in India the quantity of crop residue is as
follows (in million tones): Rice (13.1), Wheat
(15.4), Sugar(21.6), G.Nut (3.3), Mustard
(4.5), Cotton (11.8), Total 69.9 million tones
crop residue from the above six major crops.
The crop residue is mostly converted into
compost or when burnt controlled mostly turns
into ash. Ash has its value especially in the
acidic soils and for the phosphorous, etc.
Considering the value of Biochar especially in
the poor, degraded soils, there is a need for
designing technologies. The crop residue say
cotton plants is hard and could yield good
biochar, but handling it and conversion into
biochar is a labor intensive / energy
consuming process, the energy produced
during the process should be used for some
practical useful applications too. We see
majority of the farmers in our area are just
burning in their fields, similarly many other
crop residues. One of the emerging areas is
agriculture biomass based thermal power
plants, this industry only generates ash as a
byproduct, majority of such power plants have
also accessed CDM funds. The crops being
grown recently (improved, HYV, etc.) has less
biomass as compared to the traditional crops.
The overall biomass percentage from crop
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residue is diminishing over years. The
simplest solutions could be adopted by the
farmers, if created awareness on a large
scale is:
1. Crop residue could be thrown into a trench
or a ditch existing near the field or created
for the purpose, burn the crop residue,
throw more biomass into the burning fire,
till the heap reduces in size, through soil or
if available water or atleast use fresh leaf
bushes to extinguish the fire, (safety of the
farmer is important, the farmer should take
the necessary measures), within 24 hours
some biochar would be available. The time,
temperature, air, humidity, etc conditions
are important before doing this. Most often
farmers also like and would be interested
to do this kind of work in the evenings and
into the night. This system could be fine
tuned through improvements so that least
amount of pollution happens through this
process.
2. In the gardens and small scale biomass
conversion into biochar, I have designed
two simple systems based on TLUD and
Downdraft
principles,
using
locally
available
empty
tins
/
drums.
http://e-maghcmii.blogspot.comhttp://maghbiocharretort.blo
gspot.com/
3. The TLUD stoves as described by Paal,
would add value in the long run, the
biochar yield is not enough to meet the
present requirements, especially for carbon
sequestration, but energy point of view, a
very good efficient technology. Under
Magh series, we have designed more than
25 TLUD stove designs including natural
draft and forced air, all the declared as
open knowledge http://goodstove.com
Biochar applications and crop response
The yield of various crops and biomass
growth is positive in majority of cases. If all the
soil nutrients are available in plenty and the
soil condition is healthy, the variation between
biochar and control plot is very less. The
difference is high in less fertile and degraded
soils. Biochar is good for all types of soils,
because the fertility of soils is defined in time
and space varies, based on human and
natural conditions. The air, water and the
nutrients, plus the soil microbes thriving in the
space created within the soil through biochar,
useful for plants and the environment. 1 kg to
3 kgs of biochar application for every 1 square
meter field area is the emerging good
application result for our area, the compost
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

and other nutrients should be added to the
field, as done regularly to any field as per the
crop. Initially the Nitrogen should be added
more (1.5 to 2 times) than what is applied
regularly, green mulch / composts / farm yard
manures etc., are most preferable.
Airborne black carbon from
production and application

Biochar

Black
carbon
entering
into
atmosphere from various sources including
during biochar production, application and
from wind erosion would have impacts more
serious than CO2 itself. In this regard
precautions should be taken at the time of
production and application, as these are point
source controls, it is possible to control to
some extent. After application of biochar in the
field how it control it from reaching into the
atmosphere through wind erosion? There is
an argument, whether biochar should be
applied in fine powder form or in lumps. If we
apply biochar in fine powder form there are
some immediate benefits as it would spread
on a larger area, but during processing
(preparing into fine powder of biochar from
lumps), application process and after
application the chance of this biochar reaching
the atmosphere in the form of Black Carbon is
more. Moreover a very small piece of biochar
would create an environment within and
around it which is more vulnerable as
compared to the environment created within
and around a large lump of biochar. It is
difficult for a lump of biochar to be airborne.
The soil can easily hold a lump of biochar and
prevent it from erosion by natural forces. In
the future over hundreds of years due to
human and natural factors the lumps would
reduce into small pieces. Rather having
desired results immediately considering the
impacts of airborne black carbon, on can
always choose to apply lumps of biochar
rather than fine biochar powder to the soils as
an amendment. The biochar size could be as
natural as it was produced (in lumps of
different sizes). We should not spend energy
for making it into powder.
Here are the reasons for prefering lumps of
biochar
-

Anyhow over a period of time
the biochar located within a depth of 8
inches, breaks during ploughing and
other activities done in the farm.

-

Roots prosper better around a piece of
biochar.
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-

Soil moisture evaporates from a fine
speck of biochar easily as compared to
a lump of biochar

-

Soil microbes and soil fungus would find
convenient place in a lump of
biochar and can live as a community.

-

Lump can provide better environment
and choices for soil microbes to thrive.

-

Lump is heavy so less chance
of moving away from the field due to
wind / water

-

Possibility of more air circulation around
a lump of biochar

-

Adds texture to the soil

-

Additional energy is required to powder
the biochar lumps (which is saved).

Biochar and India:
you say that biochar is traditionally
used in India. Do you have an idea of the size
of biochar-amended areas, their location, the
agricultural practices related to biochar and/or
other elements that could help to appraise the
importance of biochar and the way it is used in
India?
The size of charcoal is being defined
by us as we want immediate results.
Whereas, the addition of charcoal to the soils
is incremental, as small amounts of different
sizes of the charcoal from stoves and other
activities has found their way into the soil.
Over a period of time the large chunks have
been converted into small pieces. So we find
different grades (sizes) of charcoal in the soil.
I always able to easily collect large size pieces
of charcoal from the farmers fields. Different
size pieces of charcoal serve different
purposes in the field. As the benefits of
charcoal are related to various aspects, like
physical, chemical, biological, etc.
1. Whether you think charcoal to be a novel
way of binding the carbon to the soil and
also increase the fertility of the soil.
Yes it is a novel way, it has many values,
improving the fertility of the degraded soils
(alkaline / acidic / poor / degraded),
preventing wasteful burning of millions of
tonnes of biomass in the open fields after
harvesting the crop and for carbon
sequestration.
2. How can that improve the agricultural
quality in India, and its effect on the
methods of agriculture in India.
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The small and marginal farmers can
easily adopt to this method very easily,
who are the majority. They could be easily
trained on charcoal making from the
biomass available in their field and
surroundings for treating their soils.
3. I think this technique of producing charcoal
from burned leaves and mixing it in the
soil has been followed in India from some
time. Why has it been that no work has
been done here in that respect.
In my terrapreta signatures I posted the
information - as part of tradition / culture
people had been using charcoal and ash in
their fields. Such practice is there all over
the world, where civilizations existed in the
last 5000 years, there is a need to
recognize
the values
and
create
awareness.
4. Does this charcoal have the same effect on
each variety of soil or does it effect varies
with each variety of soil?
The affect is based on the amendments
made to soil along with charcoal, charcoal
alone has very less value to improve the
fertility of the soil. other additions are like
soil microbes, FYM, vermicompost, Mulch,
micro-nutrients, sand, gypsum, fertilizers,
silt, etc.
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On the basis of organic matter
content, soils are characterized as mineral or
organic.
Mineral soils form most of the world’s
cultivated land and may contain from a trace
to 30 percent organic matter. Organic soils are
naturally rich in organic matter principally for
climatic reasons. Although they contain more
than 30 percent organic matter, it is precisely
for this reason that they are not vital cropping
soils. Soil organic matter is any material
produced originally by living organisms (plant
or animal) that is returned to the soil and goes
through the decomposition process . At any
given time, it consists of a range of materials
from the intact original tissues of plants and
animals to the substantially decomposed
mixture of materials known as humus. Most
soil organic matter originates from plant
tissue. Plant residues contain 60–90 percent
moisture. The remaining dry matter consists of
carbon (C), oxygen, hydrogen (H) and small
amounts of sulphur (S), nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca)
and magnesium (Mg). Although present in
small amounts, these nutrients are very
important from the viewpoint of soil fertility
management. Soil organic matter consists of a
variety of components. These include, in
varying proportions and many intermediate
stages, an active organic fraction including
microorganisms
(10–40
percent),
and
resistant or stable organic matter (40–60
percent), also referred to as humus.
For practical purposes, organic matter
may be divided into aboveground and
belowground fractions. Aboveground organic
matter comprises plant residues and animal
residues;
belowground
organic
matter
consists of living soil fauna and microflora,
partially decomposed plant and animal
residues, and humic substances. The C:N
ratio is also used to indicate the type of
material and ease of decomposition; hard
woody materials with a high C:N ratio being
more resilient than soft leafy materials with a
low C:N ratio.
Although soil organic matter can be
partitioned
conveniently
into
different
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fractions, these do not represent static end
products. Instead, the amounts present reflect
a dynamic equilibrium. The total amount and
partitioning of organic matter in the soil is
influenced by soil properties and by the
quantity of annual inputs of plant and animal
residues to the ecosystem. For example, in a
given
soil
ecosystem,
the
rate
of
decomposition and accumulation of soil
organic matter is determined by such soil
properties as texture, pH, temperature,
moisture, aeration, clay mineralogy and soil
biological activities. A complication is that soil
organic matter in turn influences or modifies
many of these same soil properties.
Organic matter existing on the soil surface as
raw plant residues helps protect the soil from
the effect of rainfall, wind and sun. Removal,
incorporation or burning of residues exposes
the soil to negative climatic impacts, and
removal or burning deprives the soil
organisms of their primary energy source.
Organic matter within the soil serves several
functions. From a practical agricultural
standpoint, it is important for two main
reasons: (i) as a “revolving nutrient fund”; and
(ii) as an agent to improve soil structure,
maintain tilth and minimize erosion. As a
revolving nutrient fund, organic matter serves
two main functions:
As soil organic matter is derived mainly
from plant residues, it contains all of the
essential plant nutrients. Therefore,
accumulated organic matter is a
storehouse of plant nutrients.
The stable organic fraction (humus)
adsorbs and holds nutrients in a plant
available form.
Organic matter releases nutrients in a plantavailable form upon decomposition. In order to
maintain this nutrient cycling system, the rate
of organic matter addition from crop residues,
manure and any other sources must equal the
rate of decomposition, and take into account
the rate of uptake by plants and losses by
leaching and erosion. Where the rate of
addition is less than the rate of decomposition,
soil organic matter declines. Conversely,
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where the rate of addition is higher than the
rate of decomposition, soil organic matter
increases. The term steady state describes a
condition where the rate of addition is equal to
the rate of decomposition.
In terms of improving soil structure,
the and some of the resistant soil organic
components, together with micro-organisms
(especially fungi), are involved in binding soil
particles into larger aggregates. Aggregation
is important for good soil structure, aeration,
water infiltration and resistance to erosion and
crusting. Traditionally, soil aggregation has
been linked with either total C or organic C
levels. More recently, techniques have
developed to fractionate C on the basis of
lability (ease of oxidation), recognizing that
these subpools of C may have greater effect
on soil physical stability and be more sensitive
indicators than total C values of carbon
dynamics in agricultural systems . The labile
carbon fraction has been shown to be an
indicator of key soil chemical and physical
properties. For example, this fraction has
been shown to be the primary factor
controlling aggregate breakdown in Ferrosols
(non-cracking red clays), measured by the
percentage of aggregates measuring less
than 0.125 mm in the surface crust after
simulated rain in the laboratory . The resistant
or stable fraction of soil organic matter
contributes mainly to nutrient holding capacity
(cation exchange capacity [CEC]) and soil
colour. This fraction of organic matter
decomposes very slowly. Therefore, it has
less influence on soil fertility than the active
organic fraction.
When plant residues are returned to
the soil, various organic compounds undergo
decomposition. Decomposition is a biological
process that includes the physical breakdown
and biochemical transformation of complex
organic molecules of dead material into
simpler organic and inorganic molecules.
The continual addition of decaying
plant residues to the soil surface contributes
to the biological activity and the carbon cycling
process in the soil. Breakdown of soil organic
matter and root growth and decay also
contribute to these processes. Carbon cycling
is the continuous transformation of organic
and inorganic carbon compounds by plants
and micro- and macro-organisms between the
soil, plants and the atmosphere.
Decomposition of organic matter is
largely a biological process that occurs
naturally. Its speed is determined by three
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major factors: soil organisms, the physical
environment and the quality of the organic
matter. In the decomposition process, different
products are released: carbon dioxide (CO2),
energy,
water,
plant
nutrients
and
resynthesized organic carbon compounds.
Successive decomposition of dead material
and modified organic matter results in the
formation of a more complex organic matter
called humus. This process is called
humification. Humus affects soil properties. As
it slowly decomposes, it colours the soil
darker; increases soil aggregation and
aggregate stability; increases the CEC (the
ability to attract and retain nutrients); and
contributes N, P and other nutrients.
Soil organisms, including microorganisms, use soil organic matter as food. As
they break down the organic matter, any
excess nutrients (N, P and S) are released
into the soil in forms that plants can use. This
release process is called mineralization. The
waste products produced by micro-organisms
are also soil organic matter. This waste
material is less decomposable than the
original plant and animal material, but it can
be used by a large number of organisms. By
breaking down carbon structures and
rebuilding new ones or storing the C into their
own biomass, soil biota plays the most
important role in nutrient cycling processes
and, thus, in the ability of a soil to provide the
crop with sufficient nutrients to harvest a
healthy product. The organic matter content,
especially the more stable humus, increases
the capacity to store water and store
(sequester) C from the atmosphere.
THE SOIL FOOD WEB
The soil ecosystem can be defined as
an
interdependent
life-support
system
composed of air, water, minerals, organic
matter, and macro- and micro-organisms, The
importance of soil organic matter
Some functions
ecosystem
•
•
•
•
•

of

a

healthy

soil

Decompose organic matter towards
humus.
Retain N and other nutrients.
Glue soil particles together for best
structure.
Protect roots from diseases and
parasites.
Make retained nutrients available to
the plant.
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•

Produce hormones that help plants
grow.
• Retain water.
All of which function together and
interact closely. The organisms and their
interactions enhance many soil ecosystem
functions and make up the soil food web. The
energy needed for all food webs is generated
by primary producers: the plants, lichens,
moss, photosynthetic bacteria and algae that
use sunlight to transform CO2 from the
atmosphere into carbohydrates. Most other
organisms depend on the primary producers
for their energy and nutrients; they are called
consumers. Soil life plays a major role in
many natural processes that determine
nutrient and water availability for agricultural
productivity. The primary activities of all living
organisms are growing and reproducing. Byproducts from growing roots and plant
residues feed soil organisms. In turn, soil
organisms support plant health as they
decompose organic matter, cycle nutrients,
enhance soil structure and control the
populations of soil organisms, both beneficial
and harmful (pests and pathogens) in terms of
crop productivity.
The living part of soil organic matter
includes a wide variety of micro-organisms
such as bacteria, viruses, fungi, protozoa and
algae. It also includes plant roots, insects,
earthworms, and larger animals such as
moles, mice and rabbits that spend part of
their life in the soil. The living portion
represents about 5 percent of the total soil
organic matter. Micro-organisms, earthworms
and insects help break down crop residues
and manures by ingesting them and mixing
them with the minerals in the soil, and in the
process recycling energy and plant nutrients.
Sticky substances on the skin of earthworms
and those produced by fungi and bacteria help
bind particles together. Earthworm casts are
also more strongly aggregated (bound
together) than the surrounding soil as a result
of the mixing of organic matter and soil
mineral material, as well as the intestinal
mucus of the worm. Thus, the living part of the
soil is responsible for keeping air and water
available, providing plant nutrients, breaking
down pollutants and maintaining the soil
structure.
The composition of soil organisms
depends on the food source (which in turn is
season dependent). Therefore, the organisms
are neither uniformly distributed through the
soil nor uniformly present all year. However, in
some cases their biogenic structures remain.
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Each species and group exists where it can
find appropriate food supply, space, nutrients
and moisture. Organisms occur wherever
organic matter occurs. Therefore, soil
organisms are concentrated: around roots, in
litter, on humus, on the surface of soil
aggregates
and
in
spaces
between
aggregates. For this reason, they are most
prevalent in forested areas and cropping
systems that leave a lot of biomass on the
surface. The activity of soil organisms follows
seasonal as well as daily patterns. Not all
organisms are active at the same time. Most
are barely active or even dormant. Availability
of food is an important factor that influences
the level of activity of soil organisms and
DECOMPOSITION PROCESS
Fresh residues consist of recently
deceased micro-organisms, insects and
earthworms, old plant roots, crop residues,
and recently added manures. Crop residues
contain mainly complex carbon compounds
originating from cell walls (cellulose,
hemicellulose, etc.). Chains of carbon, with
each carbon atom linked to other carbons,
form the “backbone” of organic molecules.
These carbon chains, with varying amounts of
attached oxygen, H, N, P and S, are the basis
for both simple sugars and amino acids and
more complicated molecules of long carbon
chains or rings. Depending on their chemical
structure, decomposition is rapid (sugars,
starches and proteins), slow (cellulose, fats,
waxes and resins) or very slow (lignin).
There are many different types of
organic molecules in soil. Some are simple
molecules that have been synthesized directly
from plants or other living organisms.
These
relatively
simple
chemicals,
such as sugars, amino acids, and cellulose
are readily consumed by many organisms.
For this reason, they do not remain in
the soil for a long time. Other chemicals
such as resins and waxes also come
directly from plants, but are more difficult
for soil organisms to break down. Humus
is the result of successive steps in
the decomposition of organic matter. Because
of the complex structure of humic substances,
humus
cannot
be
used
by
many
micro-organisms as an energy source
and remains in the soil for a relatively long
time.
Non-humic substances: significance and
function
Non-humic organic molecules are
released directly from cells of fresh residues,
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such as proteins, amino acids, sugars, and
starches. This part of soil organic matter is the
active, or easily decomposed, fraction. This
active fraction is influenced strongly by
weather conditions, moisture status of the soil,
growth stage of the vegetation, addition of
organic residues, and cultural practices, such
as tillage. It is the main food supply for various
organisms in the soil. Carbohydrates occur in
the soil in three main forms: free sugars in the
soil solution, cellulose and hemicellulose;
complex polysaccharides; and polymeric
molecules of various sizes and shapes that
are attached strongly to clay colloids and
humic substances. The simple sugars,
cellulose and hemicellulose, may constitute
5–25 percent of the organic matter in most
soils, but are easily broken down by microorganisms.
Polysaccharides (repeating units of
sugar-type molecules connected in longer
chains) promote better soil structure through
their ability to bind inorganic soil particles into
stable aggregates. Research indicates that
the heavier polysaccharide molecules may be
more important in promoting aggregate
stability and water infiltration than the lighter
molecules. Some sugars may stimulate seed
germination and root elongation. Other soil
properties affected by polysaccharides include
CEC, anion retention and biological activity.
The soil lipids form a very diverse group of
materials, of which fats, waxes and resins
make up 2–6 percent of soil organic matter.
The significance of lipids arises from the
ability of some compounds to act as growth
hormones. Others may have a depressing
effect on plant growth. Soil N occurs mainly (>
90 percent) in organic forms as amino acids,
nucleic acids and amino sugars. Small
amounts exist in the form of amines, vitamins,
pesticides and their degradation products, etc.
The rest is present as ammonium (NH4 ) and
is held by the clay minerals.
Compounds and function of humus
Humus or humified organic matter is
the remaining part of organic matter that has
been used and transformed by many different
soil organisms. It is a relatively stable
component formed by humic substances,
including
humic
acids,
fulvic
acids,
hymatomelanic acids and humins (Tan, 1994).
It is probably the most widely distributed
organic
carbon-containing
material
in
terrestrial and aquatic environments.
Humus cannot be decomposed readily
because of its intimate interactions with soil
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mineral phases and is chemically too complex
to be used by most organisms. It has many
functions. One of the most striking
characteristics of humic substances is their
ability to interact with metal ions, oxides,
hydroxides, mineral and organic compounds,
including toxic pollutants, to form watersoluble and water-insoluble complexes.
Humic
substances
retain
available on demand for plants

nutrients

Functions of humus:


improved fertilizer efficiency;
longlife N – for example, urea performs
60–80 days longer;
improved nutrient uptake, particularly of P
and Ca;



stimulation of beneficial soil life;
provides magnified nutrition for reduced
disease, insect and frost impact;
salinity management – humates “buffer”
plants from excess sodium;



organic humates are
increasing soil C levels.

a

catalyst

for

Through the formation of these
complexes, humic substances can dissolve,
mobilize and transport metals and organics in
soils and waters, or accumulate in certain soil
horizons. This influences nutrient availability,
especially those nutrients present at micro
concentrations only. Accumulation of such
complexes can contribute to a reduction of
toxicity, e.g. of aluminium (Al) in acid soils, or
the capture of pollutants – herbicides such as
Atrazine or pesticides such as Tefluthrin – in
the cavities of the humic substances . Humic
and fulvic substances enhance plant growth
directly through physiological and nutritional
effects. Some of these substances function as
natural plant hormones (auxines and
gibberillins) and are capable of improving
seed germination, root initiation, uptake of
plant nutrients and can serve as sources of N,
P and S. Indirectly, they may affect plant
growth through modifications of physical,
chemical and biological properties of the soil,
for example, enhanced soil water holding
capacity and CEC, and improved tilth and
aeration through good soil structure. About
35–55 percent of the non-living part of organic
matter is humus. It is an important buffer,
reducing fluctuations in soil acidity and
nutrient availability. Compared with simple
organic molecules, humic substances are very
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complex and large, with high molecular
weights. The characteristics of the welldecomposed part of the organic matter, the
humus, are very different from those of simple
organic molecules. While much is known
about their general chemical composition, the
relative significance of the various types of
humic materials to plant growth is yet to be
established.
Humus
consists
substances:

of

different

humic

Fulvic acids: the fraction of humus that is
soluble in water under all pH conditions.
Their colour is commonly light yellow to
yellow-brown.
Humic acids: the fraction of humus that is
soluble in water, except for conditions
more acid than pH 2. Common colours
are dark brown to black.
Humin: the fraction of humus that is not
soluble in water at any pH and that cannot
be extracted with a strong base, such as
sodium hydroxide (NaOH). Commonly
black in colour.
The term acid is used to describe
humic materials because humus behaves like
weak acids. Fulvic and humic acids are
complex mixtures of large molecules. Humic
acids are larger than fulvic acids. Research
suggests that the different substances are
differentiated from each other on the basis of
their water solubility. Fulvic acids are
produced in the earlier stages of humus
formation. The relative amounts of humic and
fulvic acids in soils vary with soil type and
management practices. The humus of forest
soils is characterized by a high content of
fulvic acids, while the humus of agricultural
and grassland areas contains more humic
acids.
Natural factors influencing the amount of
organic matter
The transformation and movement of
materials within soil organic matter pools is a
dynamic process influenced by climate, soil
type, vegetation and soil organisms. All these
factors operate within a hierarchical spatial
scale. Soil organisms are responsible for the
decay and cycling of both macronutrients and
micronutrients, and their activity affects the
structure, tilth and productivity of the soil. In
natural
humid
and
subhumid
forest
ecosystems without human disturbance, the
living and non-living components are in
dynamic equilibrium with each other. The litter
on the soil surface beneath different canopy
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layers and high biomass production generally
result in high biological activity in the soil and
on the soil surface. There are following five
mechanisms:
a continuous soil cover of living plants,
which together with the soil architecture
facilitates the capture and infiltration of
rainwater and protects the soil;
a litter layer of decomposing leaves or
residues providing a continuous energy
source for macro- and micro-organisms;
the roots of different plants distributed
throughout the soil at different depths
permit an effective uptake of nutrients
and
an
active
interaction
with
microorganisms;
the major period of nutrient release by
micro-organisms coincides with the
major period of nutrient demand by
plants;
nutrients recycled by deep-rooting plants
and soil macrofauna and microfauna.
This equilibrium creates almost closed-cycle
transfers of nutrients between soil and the
vegetation adapted to such site conditions,
resulting in almost perfect physical and hydric
conditions for plant growth, i.e. a cool
microclimate, increased evapotranspiration,
good rooting conditions with good porosity
and sufficient soil moisture. This facilitates
water infiltration and prevents erosion and
runoff. Thus, it results in clean water in the
streams emanating from the area, a relatively
smooth variation in streamflow during the
year, and recharge of groundwater. In humanmanaged systems, the soil biological activity
is influenced by the land use system, plant
types and the management practices. Chapter
4 outlines the influence of land management
practices. The environmental and edaphic
factors that control the activity of soil biota,
and thus the balance between accumulation
and decomposition of organic matter in the
soil, are described below.
TEMPERATURE
Several field studies have shown that
temperature is a key factor controlling the rate
of
decomposition
of
plant
residues.
Decomposition normally occurs more rapidly
in the tropics than in temperate areas.
Reaction rates doubled for each increase of
8–9 ° C in the mean annual air temperature.
The relatively faster rate of decomposition
induced by the continuous warmth in the
tropics implies that high equilibrium levels of
27

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


organic matter are difficult to achieve in
tropical agro-ecosystems. Hence, large
annual rates of organic inputs are needed to
maintain an adequate labile soil organic
matter pool in cultivated soils. Soils in cooler
climates commonly have more organic matter
because
of
slower
mineralization
(decomposition) rates.
SOIL
MOISTURE
SATURATION

AND

WATER

Soil organic matter levels commonly
increase as mean annual precipitation
increases. Conditions of elevated levels of soil
moisture result in greater biomass production,
which provides more residues, and thus more
potential food for soil biota. Soil biological
activity requires air and moisture. Optimal
microbial activity occurs at near “field
capacity”, which is equivalent to 60-percent
water-filled pore space. On the other hand,
periods of water saturation lead to poor
aeration. Most soil organisms need oxygen,
and thus a reduction of oxygen in the soil
leads to a reduction of the mineralization rate
as these organisms become inactive or even
die. Some of the transformation processes
become anaerobic, which can lead to damage
to plant roots caused by waste products or
favourable conditions for disease-causing
organisms. Continued production and slow
decomposition can lead to very large organic
matter contents in soils with long periods of
water saturation (e.g. peat soils, and tea crops
in India). With the exception of the
hyperhumid regions, the climates of vast
areas of the humid, subhumid and semi-arid
tropics are characterized by distinct wet and
dry seasons. In the wet-dry tropics, large
amounts of nitrate often occur in the surface
soil during the first part of the rainy season.
This accelerated nitrogen mineralization
caused by a large increase in microbial
activity is the result of the first few rains
activating the labile soil organic matter.
Farmers who practise “slash and burn”
agriculture often choose early planting in order
to take advantage of this flush of inorganic N
before it is lost through leaching and runoff. In
these low-input systems, the amount of nitrate
present in the soil during the early part of the
rainy season is related closely to the organic
matter content of the soil. N availability
diminishes during the later part of the rainy
season.
SOIL TEXTURE
Soil organic matter tends to increase
as the clay content increases. This increase
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depends on two mechanisms. First, bonds
between the surface of clay particles and
organic matter retard the decomposition
process. Second, soils with higher clay
content increase the potential for aggregate
formation. Macroaggregates physically protect
organic matter molecules from further
mineralization caused by microbial attack . For
example, when earthworm casts and the large
soil particles they contain are split by the joint
action of several factors (climate, plant growth
and other organisms), nutrients are released
and made available to other components of
soil micro-organisms.Under similar climate
conditions, the organic matter content in fine
textured (clayey) soils is two to four times that
of coarse textured (sandy) soils..Kaolinite, the
main clay mineral in many upland soils in the
tropics, has a much smaller specific surface
and nutrient exchange capacity than most
other clay minerals. Kaolinitic soils contain
considerably fewer clay-humus complexes. In
addition, the unprotected labile humic
substances are vulnerable to decomposition
under appropriate soil moisture conditions.
Thus, high levels of organic matter are difficult
to maintain in cultivated kaolinitic soils in the
wet-dry tropics, because climate and soil
conditions favour rapid decomposition. In
contrast, organic matter can persist as
organo-oxide complexes in soils rich in iron
and aluminium oxides. Such properties favour
the formation of soil microaggregates, typical
of many fine-textured, oxide-rich, high basestatus soils in the tropics. These soils
are known for their low bulk density,
high microporosity, and high organicmatter retention under natural vegetation, but
also for their high phosphate fixation
capacity on the oxides when used for crop
production.
SALINITY AND ACIDITY
Salinity, toxicity and extremes in soil
pH (acid or alkaline) result in poor biomass
production and, thus in reduced additions of
organic matter to the soil. For example, pH
affects humus formation in two ways:
decomposition, and biomass production. In
strongly acid or highly alkaline soils, the
growing conditions for micro-organisms are
poor, resulting in low levels of biological
oxidation of organic matter. Soil acidity also
influences the availability of plant nutrients
and thus regulates indirectly biomass
production and the available food for soil
biota. Fungi are less sensitive than bacteria to
acid soil conditions.
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The rate of soil organic matter
accumulation depends largely on the quantity
and quality of organic matter input. Under
tropical conditions, applications of readily
degradable materials with low C:N ratios, such
as green manure and leguminous cover
crops, favour decomposition and a short-term
increase in the labile nitrogen pool during the
growing season. On the other hand,
applications of plant materials with both large
C:N ratios and lignin contents such as cereal
straw and grasses generally favour nutrient
immobilization, organic matter accumulation
and humus formation, with increased potential
for improved soil structure development. Plant
constituents such as lignin and other
polyphenols retard decomposition.
HUMAN
INTERVENTIONS
THAT
INFLUENCE SOIL ORGANIC MATTER
Various types of human activity decrease soil
organic matter contents and biological activity.
However, increasing the organic matter
content of soils or even maintaining good
levels requires a sustained effort that includes
returning organic materials to soils and
rotations with high-residue crops and deep- or
dense-rooting crops.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

It is especially difficult to raise the
organic matter content of soils that are well
aerated, such as coarse sands, and soils in
warm-hot and arid regions because the added
materials decompose rapidly. Soil organic
matter levels can be maintained with less
organic residue in fine textured soils in cold
temperate and moist-wet regions with
restricted aeration.
Practices that decrease soil organic matter
Any form of human intervention
influences the activity of soil organisms and
thus the equilibrium of the system.
Management practices that alter the living and
nutrient conditions of soil organisms, such as
repetitive tillage or burning of vegetation,
result
in
a
degradation
of
their
microenvironments. In turn, this results in a
reduction of soil biota, both in biomass and
diversity. Where there are no longer
organisms to decompose soil organic matter
and bind soil particles, the soil structure is
damaged easily by rain, wind and sun. This
can lead to rainwater runoff and soil erosion,
removing the potential food for organisms, i.e.
the organic matter of the topsoil. Therefore,
soil biota are the most important property of
the soil, and “when devoid of its biota, the
uppermost layer of earth ceases to be soil.”
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Introduction
The high yield levels obtained are a
result of suitable crop growth conditions,
optimal and balanced nutrient management
and
adoption
of
best
management
practices.When taken year after year, such
steps leads to an improvement in soil fertility.
Which makes the production of high yields
sustainable. After more than a century of
mineral fertilization along with organic
supplement available to the farmers, there has
been a considerable increase in organic and
mineral contents of major nutrients (N,Pand K)
in many parts of the world At the same time, in
large areas, soils continue to be mined of their
nutrient reserves and are becoming depleted.
Such soils are losing their ability to sustain
high level of crop productivity and safeguard
food security. Whenever high yields are to be
obtained on a sustained basis, the crop
requires to access to adequate amounts of all
essential plant nutrients Whenever, the fertility
of a soil is unable to furnish such amounts soil
fertility has to be improved through external
addition of required plant nutrients. This is
best accomplished through INM.
Prior to the discovery of inorganic
fertilizers in the nineteenth century, soil fertility
and nutrient supply were maintained by
returning organic matter to the soil and
through regular rotations and fallow periods.
Adequate plant nutrient supply holds the key
to improving the food grain production and
sustaining livelihood. Nutrient management
practices have been developed, but in most of
the cases farmers are not applying fertilizers
at recommended rates. They feel fertilizers
are costly and not affordable and due there is
a risk. The nutrient use efficiency in different
soils should be improved through optimizing
the nutrient levels with the limited availability
of water. Therefore, INM plays an important
role which involves integrated use of organic
manures, crop residues, green manures and
biofertilizers etc with inorganic fertilizers to
supplement part of plant nutrients required by
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various cropping systems and thereby fulfilling
the nutrient gap.
The need for INM


The need to adopt a wider concept of
nutrient use by beyond but not excluding
fertilizers results from several changing
circumstances and developments. These
are:



The need for a more rational use of plant
nutrient for optimizing crop nutrition by
balanced, efficient, yield- trgetted, site and
soil specific nutrient supply.



A shift mainly from the use of mineral
fertilizers to combination of mineral and
organic fertilizers obtained on and off the
farm.



A shift from providing nutrition on the
basis of individual crops to optimum use
of nutrient sources on a cropping systems
or crop rotation basis.



A shift from considering mainly direct
effect of fertilization (first year nutrient
effects) to long term direct plus residual
effects. To a large extent, this is
accomplished where crop nutrition is on a
cropping system basis rather than on a
single crop basis.



A shift from static nutrient balance to
nutrient flows in nutrient cycles.



A growing emphasis on monitoring and
controlling unwanted side –effects of
fertilization
and
possible
adverse
consequences for soil health, crop
disease and pollution of water and air.



A shift from soil fertility management to
total soil productivity management. This
includes the amelioration of problem soils
(acid, alkali and hardenpan etc.) and
taking in to account the resistance of
crops against stress such as drought,
frost, excess salt concentration, toxicity
and pollution.

30

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012




A shift from exploitation of soil fertility to
its improvement or at least maintenance.



A shift from the neglect of on farm and off
farm wastes to their effective utilization
through recycling.

Concept of INM
The basic concept of integrated
nutrient management (INM) or integrated plant
nutrition management (IPNM) is the
maintenance ore adjustment of
soil
fertility/productivity and of optimum plant
nutrient supply for sustaining the desired crop
productivity through optimization of the
benefits from all possible sources of plant
nutrients including locally available once in an
integrated
manner
while
ensuring
environmental quality. In practical term, a
system of crop nutrition in which plant nutrient
needs are met through a preplanned
integrated use of mineral fertilizers, organic
manures/fertilizers
(eg.
Greenmanures,
recyclable wastes, crop residues, FYM etc),
and biofertilizers. The appropriate combination
of different sources of nutrients varies
according to the system of land use and
ecological, social and economic conditions at
the local level. Integrated use of chemical,
organic and biological sources of plant
nutrients and their different management
practices have a tremendous potential not
only in sustaining agricultural productivity and
soil health but also in meeting a part of
chemical fertilizers requirement for different
crop and cropping systems.
Goals of INM
Goals of INM are: i) To maintain soil
productivity (ii) To ensure productive and
sustainable agriculture (iii) To reduce
expenditure on inputs by using farm wastes,
animal manure, crop residues biofertilizers
etc. at farm level. (iv) To utilize the potential
benefits of greenmanures, leguminous crops
and biofertilizers (v)To prevent degradation of
the environment (vi)To meet the social and
economic aspirations of the farmers without
harming the natural resource base.
Components of INM
The relative contribution of each
component to INM for a farming system
depends mainly on their local availability and
socio-economic factors. The major INM
components are as follows:
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Chemical Fertilizers: There has been a big
gap between annual drain of nutrients from
the soil due to crop removal and soil erosion
and the nutrient inputs from existing sources.
Present estimates show a deficiency of 10
million tones of NPK which is likely to grow
with further intensification in agriculture and
increasing soil degradation. Keeping in view
the conservative population estimates and
minimum calorie requirement of food, the
country will need to produce at least 300
million tones of food grains by the year 2020,
which will necessitate the use of 30 to 35
million tones of NPK of various sources. In
addition, high value crops having export
potential, which may even claim fertilizer use
on priority basis, will need 14 to 15 millions of
NPK (Manna and Ganguli,1998). Thus from
both organic and inorganic sources the
country will be required to arrange about 4050 million tones of primary nutrient and most
of this would have to come from indigenous
sources. Apart of it , particularly all K and feed
stock of phosphatic and some nitrogenous
fertilizer will continue to be imported. Wide
deficiency of micronutrients such as Zn, Fe,
Mn, Cu and B indicates that the crop demand
for these micronutrients by 2025 will be very
high.
Organic Sources: The production of rural
and urban compost has been 297.2 million
tones and 6.6 million tones, respectively.
Present contribution from organic sources is
estimated to be 4-6 million tones N+ P2O5 +
K2O, through the total nutrient potential of
these resources ranges some where between
10 and 16 million tones (Govt.of India, 1998).
There are
different organic sources for
nutrients. These are- (a) Farm Yard Manure
(FYM) generated from the wastes of cattle,
sheep, goat, etc. reared by farmers. (b)
Compost generated from the aerobic or
anaerobic decomposition of farm wastes like
leaf litter, stalks weeds, etc. (c) Vermicompost generated from the excreta of
earthworms reared on farm wastes. (d) oil
cakes of different oil seeds like pongamia,
caster, neem, karanj etc. (most other edible oil
seed cakes are used as animal feeds, poultry
feeds and fish feeds). Use of organic sources
with fertilizers can take care of the widening
N:P:K ratio and emerging problems of the
micronutrient deficiency.
Green manure: Green manure has a great
potential to be used for the betterment of the
Indian Agriculture. Raising a green manure
crop even for a short period of 45-50 days
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would add substantial quantity of nutrients
upon incorporation in to the soil. Green
manures crop include such as Sesbania,
Dhaincha, Cowpea, Sun hemp, etc. and green
leaf manures like Subabul, Caliandra, etc.
Green leaf manuring from the avenue and
bund grown trees like Pongamia, Neem,
Glyricida and Leucaena should form part of
the crop management system.
Biofertilizers:
Several studies clearly
indicate that among the different types of
biofertilizers available at present, Rhizobium is
relatively more effective and widely used.
Considering an average N fixation rate of 25
kg/Nha per 500 g application of Rhizobium.
On the other hand Azotobactor, which is used
in non –legume crops has given inconclusive
results. The use of Azospirillum inoculation in
non-legume crops as biotic N source should
be advocated. Similarly, Blue Green Algae
(BGA) applied at 10 kg/ha fixes 20kg N/ha.
Biofertilizers are also associated with the
liberation of growth substances which promote
germination and plant growth. As regards
phosphate, several phosphate solubilizing
bacteria are known to mobilize the significant
quantities of soil phosphate that would
otherwise not be available to the plant, but
their effectiveness is varable and not
predictable. VAM has also favorable effect on
P uptake and utilization. Thus, Rhizobium,
Azotobactor, Azospirillum, Blue-green algae,
Azolla are used for fixing the atmospheric
nitrogen by symbiotic and non symbiotic
means in plant available form. While,
Phosphate
solubilizing
bacteria
and
mycorrhizal fungi (VAM) are used for
solubilizing insoluble phosphorus to available
form.
Leguminous crops: Crop rotation involving
legumes and spatial arrangement of crops to
accommodate legumes aid in fixing the
atmospheric nitrogen in the legume
rhizosphere in varying quantities depending
on the species. Major part of this can be made
available to the succeeding crop by following
appropriate technologies. Thus, the quantity of
nutrients required to be applied for the
succeeding crop can be substantially reduced.
Crop residues: Crop residues are parts of the
plant left in the field after crops have been
harvested and threshed or left after pasture
are grazed. In India about 100 million tones of
crop residues are available for recycling in
agriculture annually. Crop residue when
incorporated also improves the physical,
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chemical and biological properties of the soil.
Management of crop residues is either
through of the following three methods;
removal, burning or incorporation in soil.
Burning is a minor practice in India and burn
the residues causing loss of precious organic
matter, plant nutrients and environmental
pollution .Rainfed soils are deficient in organic
matter. There is need to replenish it by every
possible means to sustain soil productivity.
Crop residues are reservoir of plant nutrients
(especially K) and improve soil physical and
biological properties and protect the soil from
wind and water erosion. Beneficial effect of
crop residue incorporation in rainfed soils on
yields of crops have been widely reported.
Agro-industries:
Agro–industries
are
dependent on agriculture for their raw
material.
The
byproducts
of
these
agroindustris can be utilized as a source of
organic manure for improvement of soil
fertility. Sugarcane is grown in 3.7 mha in
India. An estimated 12 million tones of trash, 5
million tones of bagasse and 5 million tones of
pressmud can provide substantial quantities of
nutrients and organic matter. Pressmud is a
good source of organic matter and
phosphorus. Raw pressmud can be used as
an amendment in saline soil but composting it
with earthworm and bioinoculants will
enhance its manorial value. Bagasse, though
a high carbon material, can be good organic
manure, when it is combined with FYM or
greenmanure and applied to the field.
Molasses can be applied to saline-alkali soil
along with pressmud as an amendment. Coir
pith is a byproduct from coir industries. Raw
and composted coirpith (inoculated with
pleurotus spp. and 5 kg urea/t) is presently
used for increasing the yield of crops (1045%) and for enhancing the soil moisture
content (Parle, 1968). Distillery sludge, an
agro-industrial waste, can also be profitably
utilized by applying to the crop field 1 or 2
years with reduced level of fertilizers for
higher crop yields ( Rohilla,2004).Use of
industrial by products in rainfed acid soils can
help in increasing the availability of plant
nutrients. Lime from sugarcane and paper
mills is available as suitable liming materials
for managing acid rainfed soil besides being
sources of several other plant nutrients.Lime
application is considered to be advantageous
for increasing productivity of various crops
and content of Ca. Most commonly used
liming materials are burnt lime, quick lime,
slaked lime, calcitic and dolomitic lime stone.
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Gypsum and phosphogypsum are potential
sources for S and Ca nutrition of plants grown
in acid soils.
INM in soil fertility and crop productivity
The substitution of fertilizer N
requirement to 50% by FYM has given yield
levels nearly similar to those obtained with
complete fertilization. The application of FYM
not only increase the nitrogen use efficiency of
urea, but also increases the fertility status of
the soil Combined use of organic manures
and fertilizers is the ideal way to sustain soil
productivity. Panda and Sahoo (1989)
summarizing the results of rice based crop
sequence on Alfisol clearly brought out the
beneficial effect of organic manure in
enhancing nutrient use efficiency. Results
obtained so far point to the conclusion that 50
per cent of the nutrient requirements can be
supplemented by organic sources like FYM.
Organic sources provide additional benefits by
improving soil physical condition. Hadimani et
al (1982) observed in a six year study on an
Alfisol increase in organic matter content of
soil to 0.9 per cent from the initial value of
0.55 per cent. In a long- term experiment on
the Alfisol of Bangalore highest finger millet
yields were maintained where FYM and
fertilizers were used in an integrated manner
A excellent example of enhancing rainfed
finger millet grain yield at Bangalore due to
FYM and fertilizer.
Greenmanure is one of the most
effective and environmentally sound methods
of organic manuring that offers an
opportunity to cut down the use of chemical
fertilizers. In situ growing of greenmanure
crop is rather difficult under dry land
condition due to loss of time for planting the
main crops, loss of valuable moisture and the
doubtful returns on the energy and inputs
spent for growing the greenmanures crop
especially when the season is not favourable.
However, greenmanuring as an inter
cropping practice could find place in red
soils. Greengram grown in the inner space of
upland rice and cowpea before transplanting
of medium land rice turned 6 weeks later
-1
showed a benefit equivalent to 30 kg N ha
in rainfed acidic red loam soils of
Jharkhand.The practice of applying green
leaves and lopping of N fixing trees has
produced higher yields in many situations
than applying the same rate of fertilizer N. A
5- year study on an Alfisol at Bhubneswar,
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Orissa showed that 30 kg N through
inorganic 30 kg organics (gliricida, water
hyacinth or FYM) gave higher yields of finger
millet compared to 60 kg N+40 kg P2O5+ K2O
ha-1 through fertilizers.
In Alfisols of Bangalore, it was
observed that incorporation of crop residues
in soil having low organic matter content led
to perceptible improvement in the fertility
status and soil physical properties. The
maize yield over a 5 year period increased by
25 per cent with maize residue at 4 t ha-1 per
year. In an another study conducted on
Alfisols at Hyderabad, on-farm residue
management was compared with other bulky
organic manures like cattle manure and
compost over seven years with per millet and
cowpea as test crop. The crop residue
enhanced the yield of per millet. Yield of
cowpea increased with all types of manures.
The incorporation of residues made
significant improvement in soil structure,
stability of aggregate and hydraulic
conductivity. Vekateswarlu (1984) also
showed that residue incorporation improved
stability of aggregates in both loam and
sandy loam Alfisols. At Akola, crop residues
application increased sorghum grain yield by
20 per cent in Sorghum + Pigeon pea
intercropping system. Hundekar et al (1999)
reported significant increase in Rabi
Sorghum yield due to added six different crop
residues with 100% RDF in Vertisols. An
excellent example of crop residues with
fertilizers on Rabi sorghum productivity at
Solapur.
Amelioration of soil acidity is
indispensable to increase the fertilizer use
efficiency of crops and crops sequences. For
economic and efficient use of fertilizers,
liming is important to increase base
3+
2+
3+
saturation and inactive Al , Fe and Mn
in soil solution. For efficient N fixation and
thereby in creasing P availability, liming is
important. Review of plant research (Sarkar
et al 1989) shows that for stability in crop
production of Alfisols, fertilization with liming
is crucial. The total of NPK and
micronutrients by wheat –soybean crop
sequence on acid Alfisols of Ranchi indicates
that there is need to apply lime along with
fertilizers to mitigate deficiencies of plant
nutrients in rainfed acid soils of Jharkhand.
The response of lime along with NPK
application to different crops in India are
reported by several worker. The response of
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liming was 23.6 per cent higher in pea when
it was used along with recommended dose of
NPK fertilizers Sarkar et al (2004).
Sulphur is now accepted as the fourth
major plant nutrient along with N,P and K.
Inclusion of S is essential along with
application of NPK fertilizers for obtaining
higher crop productivity. Sulphur deficiencies
are being reported more and more in acid
rainfed areas of Jharkhand (Singh et al
2000). Field experiments niger, groundnut,
mustard lentil, blackgram and soybean with S
along with recommended dose of N, Pand K
fertilizers were conducted in S deficient
acidic rainfed soils of Jharkhand. The
sources of S were gypsum, phosphogypsum
and low grade pyrites. Results reveal that
application of gypsum and phosphogypsum
were superior for basal application compared
to low grade pyrites in these soils. Significant
remarkable increase these crop yields and
quality was obtained due to S added through
gypsum and phosphogypsum. Gypsum was
the most effective S source in groundnut due
to presence of Ca which helps in pod
formation. Pyrites application is advocated as
broadcast 3-4 weeks before sowing the crop
in order to provide time for oxidation and
conversion to plant available sulphate form.
Rhizobium inoculation has now become
a practice for introduced legume crops. In
India, a lot of work has been conducted on
agronomic use of
Azotobactor and
Azospirillum. During the crops tested
sorghum, pearl millet and finger millet
appeared to be consistently responsive its
inoculation at more than one location (Tilak
and Subba Rao 1987). Azospirillum seed
inoculation has been reported to increase 2030 kg N ha-1. Desal and Konde (1984) from
field trials in Maharastra observed that grain
and dry matter yields of sorghum were
increased by seed inoculation with
Azotobactor chroocooccum and Azospirillum
brasilense. Use of Azotobactor has been
tested for upland rice in rainfed acidic soils of
Jharkhand (Singh et al., 2002). Results
reveal a significant increase in grain yield of
upland rice due to Azotobactor inoculation.
Capitalization of legume effect is one
of the important strategies of tapping
additional nitrogen through biological N
fixation. The contribution of legumes in
cropping systems towards the yield and soil
fertility have been reviewed by Singh and
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Das (11986) and Reddy et al (1988).The
effect of preceding crops on the succeeding
non legumes crops have been studied at a
numbers of locations. The legume was either
as a monsoon or a post –monsoon crop.
Short duration fodder legumes like cowpea,
cluster bean, moth bean and soybean were
found to be enrich the soil fertility. Das et al
(1990) in five year rotation of castor with
sorghum, sorghum + pigeonpea and green
gram + pigeonpea in an Alfisol of Hyderabad
observed that green gram + pigeonpea
intercrop system had a positive balance of
-1
total nitrogen in soil.
97 kg ha
Comprehensive study on the contribution of
legume crop in cropping system has also
been made recently by Katyal and Das
(1993).
Constraints in adoption in I NM
1. Non- availability of INM
2. Difficulties in growing greenmanure
crops
3. Non- availability of biofertilizers
4. Non-availability of soil testing facilities
5. High cost of chemical fertilizers
6. Non-availability of water
7. Lack of knowledge and poor advisory
services
8. Non-availability of improved seeds
9. Soil conditions
10. Non-availability of credit facilities
Research gaps in INM
1. Mismatching of INM practices developed
at research stations with the farmers
resources and their practices;
2. INM recommendations for different crops
are not based on soil testing and nutrient
behaviour of the manures;
3. Nutrient balance/flow analysis vis-à-vis
soil fertility management practices with
special reference to INM at farm level
needs to be worked out;
4. Nutrient release characteristics of farm
residues in relation to their quality to
develop decision support systems;
5. Biofertilizers were not included
component of INM in many cases;

as

6. Integrated Farming Systems (IFS)
approach needs to be encouraged for
sustaining livelihood in rural areas
particularly for small and marginal
farmers;
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Adoption of INM
During the adoption of INM, special
attention should be given to sources of
nutrients that may be mobilized by the farmers
themselves (manure, crop residues, soil
reserves, BNF, etc). Minimization of losses
and replenishments of nutrients from both
internal and external sources of major interest.
While INM strives for integrated application of
diverse inputs, the use of organic sources can
not replace, the use of mineral fertilizers.
Although the effects of organic inputs go
beyond the nutritional aspects, by contributing
to improving soil physical properties and to
better efficiency of fertilizers use, the recycling
of organic materials does not suffice to fully
replenish the nutrient that are removed by
crop harvest.
Current status of INM
Keeping the importance of organic
resources in view, a lot of research has been
done on integrated nutrient management
during last two decades in natural resource
management institutions and state agricultural
universities.This research led to:







Development of INM practices for major
crops
Understanding the enhanced role of
organic manures in increasing input use
efficiency due to their favourable effect on
physical, chemical and biological condition
of the soil.
Establishing the beneficial role of
integrated use of organic manures in
improving nutrient cycling in different
production systems in various types of
soils.
Beneficial role of INM in improving soil
chemical, physical and biological quality
for sustainable crop production.



The work on INM has been complied and
published in the form of books/bulletins by
several institution.
Conclusions
Soils in the rainfed agro eco-system are
invariably poor in moisture content and fertility
status of nutrients. There is need for
integrated use of inputs in agriculture such as
nutrients and water through synergistic
combination in a holistic manner to improve
nutrient use efficiency crop productivity in
raifed agro-ecosystem. The nutrient use
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efficiency in rainfed agro-ecosystem should be
improved through optimizing the nutrient
levels with the limited availability of water, and
by following integrated plant nutrient supply
system. The major sources of plant nutrients
are
chemical fertilizers, organic sources,
greenmanures,
biofertilizers,
leguminous
crops, crop residues and agro industries. No
single source can meet the increasing
nutrients needs of rainfed crops. There is
need to integrate both organic and inorganic
sources of nutrients for improving soil fertility
and achieving higher productivity of rainfed
crops. There is also need to more thrust on
use of locally available sources of nutrients
and biofertilizers in order to reduce
requirement of chemical fertilizers so that
nutritional requirement of rainfed crops is met
at a low cost.
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Management of Secondary Nutrients in Acid Soils: Some Basic
Issues
Surendra Singh
Prof. & Head
Department of Soil Science & Agricultural Chemistry
Institute of Agricultural Science
Banaras Hindu University, Varaasi – 221 005
Introduction
There is hardly any soil on earth
provided so adequately with nutrients that
high yields can be obtained over prolonged
period without any fertilization. It is therefore,
necessary to replenish the soil with nutrients
for obtaining higher yields. Balanced
fertilization implies improving in the supply of
nutrients while maintaining or improving the
fertility of soil without any harmful effects on
the environment through the use of secondary
and micro nutrients besides major nutrients to
obtain higher crop productivity.
Calcium (Ca), magnesium (Mg) and
sulphur (S) are referred to as secondary
nutrients. Deficiencies of secondary nutrients
varied greatly mainly in intensive cropping
areas due to imbalanced fertilization causing a
large gap between the nutrient removed by
crops and their additions to soil. The
significance of secondary nutrients in
agriculture production has been increasingly
recognized in recent years. Acid soils are
developed under high rainfall conditions and
their specific nature pose several problems for
successful crop production. Secondary
nutrients are the key nutrients responsible for
low productivity of crops in acid soils of the
country.
Red and lateritic soils of the country
are in general low in productivity. Such low
productivity is attributed to a number of factors
of which nutritional disorders are most
important. They not only suffer from the
deficiency of primary nutrient elements via; N,
P and K but also secondary nutrients (Ca, Mg
and S). Deficiency of secondary nutrients in
red and lateritic soils emanate from soil and
nutrient losses arising from high runoff and
excessive leaching owing to high rainfall. High
porosity and sandy nature of these soils
accentuate the problems of containing low
amount of Ca, Mg and S. Most of soils of the
Indo-Gangatic alluvial plains, red and lateritic
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

and hill soils are prone to S deficiency while
coastal soils are reported to be adequate in it.
Sulphur deficiency is also wide spread in
calcareous as well as medium and shallow
black clays soils due to low organic matter
content. Acid soils of India are prone to S
deficiency due to poor content of organic
matter and coarse texture.
Deterioration in soil fertility is often
observed in crops/ cropping systems, even
with adequate use of NPK fertilizers. It has
been found to be associated with the
imbalance use of secondary nutrients.
Because of heavy leaching and runoff, the red
and lateritic soils suffer from acute deficiency
of calcium and magnesium. To prevent
calcium
and
magnesium
deficiencies,
application of Farm Yard Manure and lime is
recommended. Liming of acidic and red
lateritic soil not only ameliorate soil acidity
related problems but also supply lot of calcium
to crops grown there. Use of single super
phosphate, triple super phosphate, gypsum,
phosphogypsum, Basicslag and flyash may
also be useful for arresting calcium deficiency.
Magnesium is likely to be deficient in acid soil
and liming may accentuate this deficiency.
Response
of
magnesium
in
groundnut, wheat, soybean and potato in
acidic soils of Jharkhand was higher with
-1
through
application of 30 kg Mg ha
magnesium sulphate. In acidic soils of
Jharkhand, S application from 24 to 60 kg /ha
increased yields of oilseeds and pulses
appreciably.
The magnitude of response
differ widely among the crops and their
cultivars, soil types and degree of S
deficiency. Beneficial effect of S application on
increasing yield of several cereal, oilseed,
pulse and cash crops has been reported by
several workers in S deficient soils of the
country. Sulphur application of 40 to 60 kg /
ha in ground nut, mustard and niger increased
the oil content from 3.22 to 6.8 per cent.
Sulphur application not only enhances the
grain yield but also improve the quality of
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pulse crop. This is mainly attributes to its
association with S containing amino acids and
quality of protein. The increase in protein
content was reported in chick pea, green
gram, black gram, peigon pea and lentil
Status of secondary nutrients in India
Acid and strongly alkaline soils are
generally poor in total Ca, their exchange
complex is predominantly saturated with Al+3
+1
or Na , Ca deficiency is invariably found in
these soils. About 25 to 30 % of total
cultivated Indian soils have pH 6.5 but acid
soils (pH 5.5) are confined approximately to
6.5 million hectares whereas alkali soils in
northern region cover an area of about 2.5
million hectares. Alluvial soils in parts of
Himanchal Pradesh, Uttaranchal and Uttar
Pradesh are moderate to highly acidic and as
such, their exchangeable Ca status is low.
Calcium deficiency is expected where Ca
saturation is less than 25 % or less than 1.5
milli equivalent exchangeable Ca/100 g soil
especially in humid region soils and rainfall is
over 750 mm per year, soils derived from acid
igneous rocks or siliceous sand stones, acid
peat soils and alkali or sodic soils where
exchangeable sodium and Ph are high. The
magnitude of deficiency will vary according to
the degree of soil acidity and base saturation.
The conditions which favour the
occurrence of Ca deficiency, bring about Mg
deficiency als. Soils with low exchangeable
Mg, usually, light textured soils, acid soils and
soils high in natural or applied K usually
contain less exchangeable Mg. In acid soils,
Mg deficiency is accentuated by liming.
Magnesium deficiency can be a problem in
the acid laterite soils of Kerla, Maland area of
Karnataka and Nilgiris in Tamil Nadu.
Besides, in some cotton growing areas of
Andhra Pradesh, citrus and banana growing
areas of Goa, parts of Himanchal Pradesh
and in eastern region also Mg deficiency was
reported.
Sulphur deficiency is widespread in
several agro-ecological zones of India.
Deterioration in soil fertility is often observed
in crops/cropping systems, even with
adequate use of NPK fertilizers. In the postgreen revaluation period, S deficiencies in
soils have been found to be one of the major
constraints for sustainable growth and
productivity of several field crops. Most of the
soils are either low in available S or these
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have depleted due to continuous cropping and
because of regular use of S free fertilizers.
Based on analysis of 3.6 million soil samples
all over India, deficiency of S in variable
degree in 250 districts was reported. Acid
soils of Jharkhand, Kerala, Maharastra, Orissa
and hill soils of Himanchal Pradesh are prone
to S deficiency (21-100 per cent) due to poor
content of organic matter and coarse texture.
In West Bengal, analysis of 156 bench mark
samples at a grid of 10 km indicate low
available S status in red and lateritic soils.
Thresh hold values of secondary nutrients
The threshold values (critical limits) of
a nutrient in soil varies with the type of soil.
Again, for a particularly type of soil say, red
and laterite soil, this value for an element
varies from crop to crop and also between
methods of its estimation/extraction. There is
however, very little information on the
threshold values of secondary nutrients for
different crops grown in red and lateritic soils
of the country. On the basis of existing
information on soil and plant analysis and
response obtained in pot culture and field
experiments
conducted
by
different
organization,
various
workers
for
recommendations of fertilizers have reported
the following tentative critical limits of
secondary nutrients in soils and plants. The
magnitude of Ca and Mg deficiency will vary
according to degree of soil acidity and base
saturation. Deficiency of Ca is expected where
Ca saturation is less than 25% or less than
1.5 m.e exchangeable Ca/100 g soil
especially, in humid region soils. Usually soils
containing less than 1 m.e. exchangeable
Mg/100g soil or less than 4-15% of CEC
occupied by Mg are considered deficient.
Many crops in acidic soils respond to Ca
2+
application when the per cent Ca saturation
fall below 25 %. A Ca/total cation ratio of 0.10
2+
to 0.15 is desirable for an adequate Ca
supply to most crops. Mg concentration of
0.2% represents the critical levels for many
crops. Magnesium is a problem in several acid
soils of South and Northeast parts of India.
The S deficiency is generally observed in light
textured, low organic matter containing soils
which are prone to leaching. The extensive
use
of
non-sulphur
fertilizer
further
accentuates the deficiency of this element in
-1
soils. Although 10 mg kg 0.15 % calcium
chloride extractable available sulphur is
considered as the critical limit most common
in Indian soils. Using 0.15% Cacl2 extractable
critical limit of available S in acidic soils of
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Jharkhand ranged from 7.3 to 9.9 mg kg -1 for
mustard, niger, urdbean and lentil. The critical
limit of S in plant ranged from 0.21 to 0.24 %
for these crops. Sulphur content in young fully
developed leaves of 40-50 days old oilseed
and pulse crops below 0.15,0.15-0.30, 0.300.45 and above 0.45% categorizes them
severely S deficient, deficient, moderately
sufficient and sufficient crops, respectively.
Apart from critical concentration, the N:S ratio
of 15-16:1 for alfalfa, soybean, maize and
groundnut, 3:1 for mustard and 7:1 for wheat
plants has been reported as a guide to S
deficiency. Mobility of secondary nutrients are
also varied among themselves in soil and
crops. Calcium and magnesium are relatively
immobile in soils while sulphur is mobile. On
the other hand, calcium and sulphur are
immobile in plants while magnesium is mobile.
Causes of
nutrients

deficiency

of

secondary

Status of secondary nutrients in soils
is mainly influenced by inherent soil properties
and human activities. Sulphur status of soil is
influenced by several factors such as low
native S content, coarse texture, inherent low
organic matter content and soil conditions that
favour S leaching losses. Besides soil
properties, the management practices such as
increased cropping intensity, introduction of
high yielding verities, cultivation of high S
demanding crops, use of S free fertilizers, lack
of organic manure addition, less crop residues
recycling and irrigation with canal water
having low S contents etc. are causing much
adverse effect on the availability of S from the
soil. Major reason for deficiencies of
secondary nutrients in acid soils are as (i)
Coarse textured acid soils formed from rocks
2+
2+
and
low in Ca mineral (ii) Removal of Ca
2+
ions from surface layers due to
Mg
weathering, erosion, leaching and uptake by
2+
and Mg 2+
plants (iii) Low availability of Ca
to crops in very acid sandy soils having low
3+
CEC (iv) High levels of exchangeable Al in
2+
2
and Mg
strongly acid soils reducing Ca
uptake by crops (v) Magnesium deficiency is
also caused in acid soils by calcium
antagonisom due to continuous application of
calcitic liming material (vi) Sulphur deficiency
is most common in red and lateritic soils which
are low in organic matter and are coarse
textured (vii) Acid soils are frequently limed
and fertilized with P, this encourages
desorption of sulphur with subsequent loss of
=
SO4 -S through leaching or erosion (viii)
Reduction in the use of S containing fertilizers
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in favour of more concentrated fertilizers
containg no S are further accentuating sulphur
deficiency and (ix) Lack of organic manure
addition and lesser crop residues recycling to
crops grown in acid soils.
Sources of secondary nutrients
All the liming materials have value for
supplying
calcium
and
calcium
and
magnesium, rising the pH and making
aluminium, manganese and iron less toxic
The choice of which one to buy is determined
by the cost in relation to its purity, the ease of
handling, their availability in the speed with
which the lime reacts. Calcium carbonate,
often occurring as a mixed compound with Mg
is the most common liming source. Pure
crystalline CaCo3 is called calcite or calcitic
limestone and has neutralizing value of 100%.
Lime stone with Ca and Mg in equimolar
proportions is referred to as dolomite lime
stone. The neutralizing value of dolomitic
limestone can vary less than 60% to over
100%. Lime stone rocks contain primarily
calcium carbonate and magnesium carbonate
plus an insoluble residue (clay and sand).
Finely ground limestone is an effective
material for correcting or preventing Ca
deficiencies as well as for reducing soil
acidity. A number of industrial by-product like
basicslag, limesluges, phosphogypsum and
pressmud etc. are rich sources of calcium and
could serve as cheap liming materials in some
areas. Use of single super phosphate, triple
super phosphate, gypsum, phosphogypsum,
rockphosphate and Basicslag may also be
useful for arresting calcium deficiency. Liming
materials containing Mg (dolomite and basic
slag) are usully regarded as a better source
for crops in acid soils. Most commonly used
material to supply Mg are Mg SO4 and
dolomite.
Choice
of
particular
sulphurcontaining fertilizer will depend upon a
number of factors including (a) cost; (b) ease
of application; (c) local supply condition; (d)
services of fertilizers dealers; (e) need for
other nutrients present in the fertilizers; and (f)
agronomic effectiveness of product. Sulphate
containing S sources (S containing fertilizers,
gypsum and phosphogypsum) should be
applied as basal in soils at sowing/planting
time of the crops. On the other hand,
elemental and pyrites sources of S should be
applied 3-4 weeks before sowing/planting of
the crops under moist and aerated soils.
Pyrites (FeS2) and elemental sulphur can be
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oxidized slowly in the soils. Reduced form of
sulphide-sulphur such as pyrites must be
oxidized to sulphate to be available to growing
plants. Gypsum, pyrite, phosphogypsum and
SSP can be good source of sulphur for
different crops and their effectiveness varies
with
soil
conditions.
Gypsum
and
phosphogypsum are very effective S source in
oilseeds and pulses production in acidic soils
of Jharkhand. Basal application of secondary
nutrients is generally advocated in most
cases. Soil test based Ca and Mg fertilizer
recommendations are scanty for acidic and
sodic soils in the country.
Selection of liming materials
In principle, all liming materials can be
applied on all soils, but the choice of a
material depends mainly on soil texture, local
availability and cost. Medium to heavy soils
(texture of loam and clay) can be neutralized
rapidly with quick lime. However, to maintain
the optimal reaction slow-acting carbonates
are more suitable. In coarse textured soils
(sand and loamy land) carbonate lime is
preferable because of lower risk of overliming
where an excessive amount is applied or
where the distribution is not uniform. Another
aspect of choice is the presence of by –
products, some limes also contain nutrients
other than Ca, some clay minerals, organic
matter or micronutrients, which makes them
more valuable for sandy soils.
Many industrial by-products have
neutralizing effect on soil acidity and can be
used as amendments. Some are easily
mobilizable, such as silicates mixed with quick
lime. Others contain a certain amount of
phosphate and Mg, which makes them
suitable for amelioration of acid soils that are
also deficient in P and Mg. Pressmud from
sugar factories using the carbonation process
is rich in lime can be used to improve acid
soils. Several RPs also have neutralizing
properties. Fly ash is a powery residues
remaining after coal has been burned (as in
thermal power station). It
has received
considerable attention as a soil amendment
for ameliorating acid soils. However, caution is
needed to avoid undue accumulation of B,
Mo,Se and soluble salts in fly ash treated
soils.
Liming materials
Common liming materials are :
■

Calcium carbonate: It generally contains
75-95 per cent CaCo3 corresponding to
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42-53 per cent Cao. Magnesium
carbonate (MgCo3) concentration of more
than 5 per cent is useful. The particle size
of hard lime stone must be less than 1
mm and that of soft material (chalk) less
than 4 mm.
■ Calcium magnesium carbonate (dolomite) :
Its different types contain 15-40 per cent
MgCO3 and 60 -80 per cent CaCO3.
These products are suitable for acid soils
that are also Mg deficient.
■ Quick lime (Cao) and slaked lime Ca(OH)2:
These are quick-acting amendments for
the neutralization of soil acidity. But they
are generally more expensive than natural
limes.
The common liming material is ground
natural limestone (CaCO3) which a definite
fineness depending on the hardness of the
rock. Carbonate limes act slowly because they
are only slightly soluble in water and must be
dissolved in to neutralizing forms.
Response of crops to secondary nutrients
Lime mainly provides calcium to the
soil where it is changed in to a form available
to plants. A substantial amount of calcium is
removed by crop from the soil like N, P and K.
Certain amount of lime is to be added to
compensate for the removal of calcium by
plants like other nutrients. Calcium as a
nutrient to soybean and ground nut in acidic
soil of Jharkhand was studied. Furrow
application each 2-4 q ha-1 of calcium
carbonate and gypsum increased grain yield
of soybean and pod yield of groundnut to the
tune of 26.7 and 47.6 percent respectively.
The improvement in crop yield due to gypsum
was mainly due to Ca rather than increase in
soil pH. On the basis of response to lime,
crops like pigeonpea, soybean and cotton
have been classified as high responsive,
chickpea, lentil, peas, groundnut and sorghum
as medium responsive and small millets, rice,
potato etc as low or non responsive. Liming of
acidic and red lateritic soil not only ameliorate
soil acidity related problems but also supply
lot of calcium to crops grown there. Lime
application @ 1/10, 1/15 and 1/20 of lime
requirement (LR) applied in rhizosphere at
sowing time was compared with LR dose
applied as broadcasting only once as in the
beginning. The mean yield of Urad, Soybean,
th
Groundnut, lentil and Gram with 1/20 LR
dose of lime was at par with that of 1 LR dose.
Lime (1/10 of LR) has been applied to various
crops in different states of India under ICAR
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net work project on acid soils with primary
objective of increasing crop yields over the
existing farmers practice. The crops that have
responded well to lime are mainly legumes
followed by crops like maize, wheat and
mustard.Good response to liming in acid soils
have been obtained for greengram in Assam,
maize and wheat in Himanchal Pradesh,
maize, pigeonpea, groundnut and pea in
Jharkhand, groundnut in Maharastra and
pigeonpea in Orrisa and mustard in West
Bengal.
Magnesium is likely to be deficient in
acid soil and liming may accentuate this
deficiency. Field experiments were conducted
in the year 1992-95 in acidic soils of Ranchi
on groundnut, wheat, soybean and potato to
study the response of crops to added
magnesium
as
magnesium
sulphate.
Response of magnesium to these crops was
higher with application of 30 kg Mg ha-1.
Groundnut and soybean responded well to Mg
application followed by potato and wheat.
Field experiments conducted in soil of Kanpur
revealed that response of Mg was found to be
higher in wheat, chickpea and mustard with
-1
application of 60 kg ha over control.
Response of crop to S application can
be judged based on nature and severity of
deficiency which can be known either through
visual symptoms on plant foliage, plant
analysis, soil analysis and /or responses of
crops to the applied nutrients. The magnitude
of response differ widely among the crops
and their cultivars, soil types and degree of S
deficiency. Beneficial effect of S application on
increasing yield of several cereal, oilseed,
pulse and cash crops has been reported in S
deficient soils of the country by several
workers. Response of oilseeds and pulses to
sulphur application has been reported
extensively from Jharkhand. In acidic soils of
Jharkhand, S application from 24 to 60 kg /ha
increases yields of oilseeds and pulses
appreciably. Yield response due to S
application ranged between 26.3 to 40, 17 to
26 and 29.7 to 63 per cent in oil seeds, pulses
and vegetable crops. S application produced
significant effect on tea yield in Assam. The
highest response (20.2%) was recorded at 20
-1
kg S ha . However, response of Toria was of
lower magnitude (6.67 per cent) was recorded
at 20 kg S ha-1. Response of S on rice,
mustard, groundnut and safflower in red and
lateritic soils of Orissa was studied. The dose
of S varied from 20-30 kg Ha-1 and grain yield
response varied from 14.2 (rice) to 77.6 per
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

cent in (safflower). In red and lateritic soils of
West Bengal, yield response in rice, mustard
and seasmum was 9.8,8.9 and 18.3 per cent,
respectively.
There is an active involvement of S in
protein synthesis and oil production. Sulphur
is a constituent of amino acid like methionine,
cystine and cysteine which are building blocks
of protein. Sulphur application not only
enhances the grain yield but also improve the
quality of pulse crop. The increase in protein
content was reported by several workers in
chick pea, green gram, black gram, peigon
pea and lentil. The quality of tea and oil
content in toria in Assam was appreciably
-1
improved when 20 kg S ha added as
elemental sulphur. In acidic soils of
Jharkhand, sulphur application from 24-60 kg
ha-1 in groundnut, mustard and niger
increased the oil content from 3.2 to 6.8 per
cent. Protein content in blackgram and lentil
was appreciably increased (2.5 to 5.8 per
cent) with 24 to 30 kg ha-1 of S application.
Groundnut in Orissa produced maximum oil
-1
content of 39 per cent at 30 kg S ha added
as gypsum. Sulphur application, in general,
benefits more than one crop grown in
sequence and produces a significant residual
response. Some recent results pertaining to
sulphur management in cropping systems in
acidic soils are summarized. Depending upon
the system, the directly S fertilized crop
contributed an increase of crop yield from 17.1
to 48.0 per cent while crop raised on residual
S contributed 11.0 to 46.0 per cent. In
groundnut-wheat crop sequence, direct and
residual responses of S were almost similar.
Cropping systems involving oilseed or pulse
crops benefited more from the residual S in
states of Andhra Pradesh and Jharkhand.
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Herbicidal Option for Weed Management in Sustainable Agriculture
Dr. Anil Dixit
Principal Scientist
Directorate of Weed Science Research (ICAR)
Maharajpur, Jabalpur - M.P.
In the past, weed control in arable
fields mainly relied on herbicide applications.
Because of environmental damage and
human health problems, the use of chemical
is now limited in agriculture. In order to
optimize weed control strategies, it is
necessary to take in to account the whole
cropping system. Weeds are plants that are
undesirable to human activity at a particular
time and place, and therefore, weeds will
always
be
associated
with
human
endeavours. Weeds are the plants growing in
places where they are not desired. They
interfere with our activities be it a crop field,
play ground, or a pond. Weeds are no
separate group of plants. Man invented the
weeds. Plants have been termed as weeds
considering their negative value in a given
situation. The definition given by Weed
Science Society of America (WSSA) hence
appears apt "Any plant that is objectionable or
interferes with activities and welfare of man".
This is given with the perspective that any
plant or vegetation could be included as a
weed in the future so long as the plant fits into
the above definition. Unlike other pests,
weeds are ubiquitous and affect almost all the
crops.
What weeds cause?
In agriculture, weeds cause huge
reductions in crop yields, increase cost of
cultivation, reduce input efficiency, interfere
with agricultural operations, impair quality, act
as alternate hosts for several insect pests,
diseases and nematodes. Weeds compete
with crop plants for various inputs/resources
like water, nutrients, sunlight etc.
In addition to agriculture, weeds also affect
and interfere in the management of all the
terrestrial and aquatic resources. They
endanger the native biodiversity by choking
and deliberate takeover of the native plants
and also by corrupting and invading open
lands, road sides and recreational areas like
public parks. They also affect the aquatic
resources
by
interfering
in
fisheries/aquaculture, navigation and irrigation
water management besides reducing the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

aesthetic and recreational value of water
bodies. Weeds do not spare even animals and
stealing land, homes and food from animals
by invading the grazing areas. They cause
health hazards like skin allergy, asthma, nasal
diseases etc., to both humans and cattle.
Weeds also interfere with maintenance and
inspection of various defence, electrical,
railway and airport installations besides being
a potential fire hazard. Besides weeds also
are a nuisance in forestry reducing their
productivity. Out of the total 826 weed species
reported in the country, 80 are considered as
very serious and 198 as serious weeds. The
importance of their management seldom
requires any mention especially under the
present day high input farming systems.
Origin of DWSR:
Considering the problem of weeds in
crop fields and the need for weed research in
India, it was decided to set up a nodal centre
for basic and applied research in Weed
Science in the VIl Five Year Plan. Thus, the
present National Research Centre for Weed
Science came into being in April, 1989. In fact,
it is the only Institution in the entire world
at
present,
dealing
exclusively
with
the problems posed by weeds in a
comprehensive manner using multidisciplinary
approach.
The mandate of the Centre is as follows:

 To undertake basic and applied
researches for developing efficient
weed management strategies in
different agro-ecological zones;

 To provide leadership and co-ordinate
the network research with State
Agricultural Universities for generating
location-specific technologies for weed
management
in
different
crops,
cropping and farming systems;

 To act as a repository of information in
weed science;

 To act as a centre for training on
research methodologies in the areas
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of
weed
science
management;

and

weed

 To collaborate with national and
international agencies in achieving the
above mentioned goal; and

 To provide consultancy on matters
related to weed science
The Centre, since its inception has
significantly contributed in the areas of
identifying major weeds in different crops and
cropping systems of the country, development
of national database of weeds, evaluation of
new herbicides and making herbicide
recommendations, monitoring of herbicide
residues in food chain and environment,
identifying weed competitive crop cultivars,
weed smothering intercrops, non-chemical
and biological methods of weed control, weed
dynamics in crops and cropping systems,
management of parasitic weeds, allelopathic
studies, management of perennial weeds and
other invasive weeds in non-crop areas and
transfer of improved weed management
technologies.
Issues
and
management

strategies

for

weed

The main issues concerning weeds and weed
management in India along with the strategies
to tackle these throgh scientific research and
technological redressal are highlighted below:
1. Invasive Alien Weeds: Invasive alien
weeds (IAWs) are plants that are moved
from their native habitat to a new location
and in the absence of their co-evolved
predators and parasites they eventually
become established and spread rapidly
causing
tremendous
harm,
often
irreversible to the environment, economy
and in some cases to human health. As
per Convention on Biological Diversity
(CBD, 1992) alien invasive species are
the biggest threat to biodiversity next only
to human resettlement. A large number of
alien invasive weeds have invaded our
ecosystems and are threatening their
survival and productivity.
a) Management of IAWs that have already
entered the country: Majority of the
important weeds in India have been
introduced into the country in the past
either accidentally or deliberately. Some
of the major alien invasive weeds include
Lantana camara, Eichhornia crassipes,
Savlinia
molesta,
Parthenium
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

hysterophorus, Chomolaena odorata,
Mikania micrantha, Mimosa spp. etc.
These weeds (except aquatic ones) have
invaded vast areas of forest, grassland,
wastelands, and in some areas orchards
and plantation crops too. Parthenium
hysterophorus is a serious weed which
has spread throughout the country in a big
way. These weeds are a serious threat to
the biodiversity or native flora. Hence,
management of such IAWs is a great
challenge to the weed research scientists
in the country as these are not only
adversely affecting the human and cattle
health but some have now also entered
the crop fields, thus reducing crop yields.
b) Management of future introductions of
AIWs: Increasing trade and globalization
coupled with liberalization policies will
further increase the risk of invasion by
such weeds leading to decrease in native
biodiversity, reduced productivity of
different ecosystems, reduced input-use
efficiency and increased production cost.
2. Enhanced use of herbicides: Herbicides
are the most successful weed control
technology ever developed as they are
selective, cost effective, fairly easy to apply,
have persistence that can be managed, and
offer flexibility in application time. They are
eco-friendly if applied at proper dose, method
and time, besides being quite safer in
comparison
to
other
pesticides
like
insecticides. In India, around 96 per cent of

the herbicides are slightly to moderately toxic
while more than 70 per cent of the insecticides
are highly to extremely toxic. In general,
herbicides account for the largest proportion
of crop protection chemicals sold on a worldwide scale. Globally, herbicides constitute 50
43

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


per cent of the total pesticides sale and in
some countries like USA, Germany and
Australia, the figure is as high as 60-70 per
cent. In India, however, the position is
different as herbicides form a meager 15 per
cent of total pesticide consumption. But still,
the consumption has increased rapidly from
4100 metric tonnes (MT) in 1988-89 to 20,000
MT in 2007-08 and it is likely to further
increase in future. It is estimated that the
herbicide market would grow at over 10 per
cent per annum.
Herbicides have come as a big boon
to farmers in areas where the labour supply is
limited and wages are high. The major impact
was first felt in Punjab where most of the
agricultural operations are done by immigrant
labour. Other states where the herbicide
consumption is high are Haryana, Western
U.P. and Uttaranchal. The advantages
of herbicides over the other methods
are appreciated mostly in wheat and rice
crops in managing the grassy weeds. Due to
the morphological similarities it is difficult to
identify and remove grassy weeds manually
whereas selective herbicides could kill them
successfully without causing any damage
to the crop. Further, the use of hoes and other
inter cultivation tools is difficult in these crops,
as they are closely planted. In addition in
many regions the crop is sown by broadcast
thus making matters still worse. Currently
wheat and rice crops account for 57 per cent
and 17 per cent of the total herbicide
consumption in the country.
The third field crop, where herbicides
are popular is soybean in which the area
under herbicides has increased from 4,25,000
ha in 2003 to 8,04,000 ha in 2004, accounting
for 4 per cent of the total herbicide
consumption. Tea is another crop where
herbicides are extensively used. Being an
organized sector manual weeding is costprohibitive in tea. Though, the herbicides are
not very popular in other crops at present,
their use however, is picking up in crops like
fennel, onion, potato, groundnut, maize,
sugarcane, vegetables etc. The data on
herbicide consumption shows that they are
being used in approximately 20 million
hectares, which constitute about 10 per cent
of the total cropped area.
There is also a lot of regional variation
in herbicide consumption. For example, only
17 per cent of the total wheat acreage of 26
mha is being treated mostly in Punjab,
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Haryana and western Uttar Pradesh. Similarly
only about 14 per cent area out of 42 mha
under rice is treated with herbicides, almost
entirely in transplanted rice. As herbicide use
in other crops at present is very low, there
exists a very good scope for their use in
future. Some of the issues relating to
the enhanced herbicide use are discussed
below:
a) Herbicide
resistance
in
weeds:
Continuous long-term use of herbicides
can result in the development of
resistance in weeds. Recent instances of
resistance to isoproturon in Phalaris
minor, an important weed in wheat in
parts of Punjab and Haryana is a case in
point, which was evident in an estimated
Crop-wise herbicide usage in India
Wheat
57%

Others
9%

Soybean
4%

Plantation
6%

Nonselective
field
7%

Rice
17%

area of nearly one million hectares.
The use of new herbicides clodinafop,
fenoxaprop and sulfosulfuron though
have successfully contained the problem
at present, thus restoring the productivity
of wheat in this region which is considered
the wheat basket of the country.
This technology alone is estimated
to have saved wheat production to the
extent of 1.5 million tonnes annually
valued at Rs. 100 crores at current prices.
The new herbicides are currently
used in an area of about 1.8 million
hectares.
b) Herbicidal toxicity to succeeding crop
and environment: Although herbicides
are a boon to the agricultural community
in substantially increasing crop yields,
their use is not without potential problems.
Some of the unintended negative impacts
of herbicide use are persistence in soil,
pollution of ground water, toxic residues in
food (contamination), feed and fodder
and adverse effect on non-target
organisms. The potential of herbicides in
contaminating the ground water have
gained considerable attention in recent
years.
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c) Competitiveness in world market: In the
new WTO regime our products have to be
competitive both in price and quality.
Weed management forms an important
input in crop production. At present the
production costs are very high as weeding
operations are performed mainly by
manual labour which is not only becoming
scarce in supply but also expensive.
The country is, therefore, losing on
crop
production
heavily
due
to
inappropriate
weed
management
technologies being adopted. There is big
scope for reducing the cost of production
by adapting improved weed management
technology which would also enhance the
efficiency of other inputs like fertilizers and
irrigation as weeds waste both these
resources.
d) Threat to native biodiversity: It is
observed that a large number of
indigenous flora possess medicinal and
aromatic properties. The increased use
of herbicides in the crop fields is likely
to pose a serious threat to the existence
of such useful native flora, which
are existing since time immemorial.
3. Weed shift:

a) Rainfed farming: Since the availability of
water to agriculture will be greatly reduced
in future, the importance of rain-fed and
dry-land agriculture will result in shift in
weed flora, development of problem
weeds difficult to control such as
Orobanche, Striga etc., besides reduced
efficacy of herbicides due to moisture
stress.

b) Organic farming: The growing concern
for human health and sustainability of
agricultural production is giving way for
organic farming in some parts of the
world. In view of this, integrated weed
management practices involving nonchemical methods such as mechanical
and cultural (zero tillage, conservation
tillage, plant residue management,
growing intercrops, cover crops and
green manure crops) would gain
importance.

c) Resource conservation technologies:
Increased
adoption
of
resource
conservation technologies like zero tillage,
bed planting etc., will lead to reduced cost
of
cultivation,
better
management
of problem weeds like Phalaris minor in
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rice-wheat system. In addition it may also
result in weed flora shift favoring the
perennial weeds besides increasing the
herbicide use.
4. Global climate change: The CO2 level in
the atmosphere has been rising owing to
various human activities such as burning
of
fossil
fuels,
deforestation,
industrialization urbanization etc. If
the present trend continues, the
concentration of CO2 in the atmosphere
would be about 600 ppm accompanied by
an increase of 1.50C -4.50C in mean
surface temperature by the middle of the
21st century. As weed populations show
greater variations, it is possible that with
a changed global climate weeds
too will achieve a greater competitive
fitness against the crop
plants and
development of new weed types.
Development of super weeds:
Imparting resistance to normally
herbicide susceptible crops to produce
herbicide-resistant crops (HRCs) has been
the most extensively exploited area of
plant biotechnology. Resistance genes for
several herbicides or herbicide modes
of action have been incorporated into
the genome of corn, cotton, canola and
soybean which are now commercially
available. Remarkably, the global biotech
crop area increased more than fifty-fold
in the first decade of commercialization
from a meager 1.7 million hectares in
1996 to 160 million hectares in 2011.
Herbicide tolerance has consistently been the
dominant trait during all these years. In 2011
alone, herbicide tolerance, deployed in
soybean, maize, canola and cotton occupied
83 per cent or 89.7 million hectares of the
global biotech area (160.0 million hectares).
HT crops make the use of conservation
tillage practices easier, which has positive
environmental and economic spin-offs.
However, the emergence
of some GR
weeds threatens to reduce conservation
tillage practice throughout affected areas in
the world. Introduction of Herbicide Resistant
Crops (HRCs) besides helping in efficient
management of problem weeds with minimum
risk to the crop and increasing the
yields may also lead to development of
'super weeds'. Their management will be
essential in the days ahead.
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5. Reduction in manual weeding: Weed
control
through
manual/mechanical
though very effective, has certain
limitations such as unavailability of labour
during peak period, high labour cost,
involves
drudgery,
unfavourable
environment particularly in rainy season
etc. In addition, the manual labour
traditionally being employed for weeding
is gradually becoming scarce and
expensive owing to rapid urbanization and
industrialization. Therefore, in future,
management of weeds through improved
technologies involving herbicides and
improved weeding tools will attain more
significance which will result in labour
saving, better and timely weed control and
increased food production besides
promoting gender equality and reducing
human drudgery.
6. Use of Model: Models predicting the
effects of cropping systems on weed
demography are important tools for testing
new
rules
for
integrated
weed
management that may reduce the use of
herbicides and preserve the biodiversity of
agro-ecosystems. Such models already
exist for a few species and should now be
extended to a larger flora, in order to
predict and understand the effects of
agricultural practices on the evolution of
weed communities.
7. Biological
control
of
weeds:
Technologies employing natural systems,
biological organisms, bio-pesticides would
gain importance to overcome or reduce
the dependence on herbicides, wherever
possible. There is sufficient scope for
managing weeds at least in non-cropped
areas through the use of exotic insect
pests as has been successfully proved in
the management of Parthenium by the
Mexican beetle (Zygrogramma bicolorata),
water hyacinth by Neochetina spp. and
Salvinia by Cyrtobagous salviniae.
Looking to the various advantages in this
technology, the work on biological control
of weeds will intensify in the future.
However, any biocontrol agent has
an associated risk to change its behaviour
and host specificity which may have
to
be looked into with great depth and
vision.

and cropping systems. Cuscuta spp. is a
major problem in niger (Orissa, parts of
Madhya Pradesh and Chhattisgarh), in
lucerne (Gujarat), blackgram/greengram
(in rice-fallows of Andhra Pradesh),
berseem, lentil, linseed and chickpea
(parts of Madhya Pradesh). Some species
of Cuscuta also infest ornamental plants,
hedges and trees. Orobanche spp. is a
major parasite in tobacco in parts
of Karnataka, Andhra Pradesh, Tamil
Nadu, and Gujarat, mustard in parts of
Gujarat,
9. Western Uttar Pradesh, Rajasthan,
Haryana, etc., and more recently in
tomato and potato in Karnataka. Striga
spp. infest mostly sugarcane, maize,
sorghum and pearl millet grown in dry
areas in some parts of Karnataka,
Madhya Pradesh and Chhattisgarh.
10. Aquatic weed management: India has a
total area of about 7 million hectares
under different kinds of water bodies such
as reservoirs, tanks, lakes, ponds, oxbow
lakes, derelict water and brackish water.
In addition about 1.7 lakh km is under
rivers and canals. However, the area
under these aquatic bodies is increasing
with the building up of dams, canals and
tanks for irrigation and fisheries
production. The aquatic weeds have been
found to increase the loss of water
through
transpiration,
interfere
in
navigation,
affect
fisheries,
mar
recreational value of water, severely
impede the flow of water in canals,
thereby reducing availability of water to
agriculture.
11. Exploitation of weeds for beneficiary
use: Proper utilization of weed biomass
through appropriate technologies like
vermicompost, mulch, phytoremediation
etc., may help in supplementing chemical
fertilizers besides adding organic matter to
the soil. Utilization of weeds as a source
of ayurvedic medicines, bio-pesticides and
bio-fuel also has enough potential.
Technology for using weeds for making
paper, particle boards, furniture etc., has
to be developed ahead. Such activities
are expected to raise income and
employment opportunities.

8. Management of parasitic weeds:
Parasitic weeds are posing problem in the
productivity of some of the major crops
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HERBICIDES USED IN DIFFERENT CROPS
DRY SEEDED RICE
Herbicides

Butachlor
(Machete)

Dose
(g
ai/ha)
10001500

Pendimethalin
(Stomp)

10001500

3000-4500

6-7 DAS

Pretilachlor
(Rifit )

750

1500

3-7 DAS

20

15-20 DAS

Chlorimuron+
Metsulfuron-m
(Almix)

Product
(gor ml/ha)

Application
time

2000-3000
20.0-25.0
Kg (5%G)

6-7 DAS*

Controls annual grasses and some BLWs.
Ensure sufficient moisture at the time of
application. Apply after light rains before
germination of weeds.
Ensure sufficient moisture at the time of
application. Apply after light rains before
germination of weeds. Controls annual grasses
and some BLWs.
Controls annual grasses and some BLWs.
Ensure sufficient moisture at the time of
application. Apply after light rains before
germination of weeds.

Pyrazosulfuron

25

750

15 DAS

Cyhalofop-butyl
(Clincher)

60-75

600-750

15-20 DAS

Fenoxaprop-ethyl
(Whip Super)

80-120

800-1200

25-30 DAS

Oxyfluorfen
(Goal)

150250

2,4-DEE

7501000

2250-3000
(36EC)
20.-25 Kg
(4G)

20-25 DAT

Pretilachlor

750

1500

3-7 DAS

Dose
(gai/ha)
60

Product
(gorml/ha)
400

Application
time
4-6 WAS

100120

1000-1200

4-6 WAS

0-6 DAS

Remarks

It is a ready mix meant for controlling a broad
spectrum of weeds including annual BLWs and
grasses. Drain before application and reflood
where relevant within a few days.
Gives effective control of BROAD LEAVED Drain
before application and reflood where relevant
within a few days.
Excellent control of annual grasses particularly
the barnyard grass. Drain before application and
reflood where relevant within a few days.
Excellent control of annual grasses. May be
applied as a follow up application with all pre-em
herbicides. Drain before application and reflood
where relevant within a few days.
Controls many annual grasses and some BLWs.
Apply on finely prepared seed bed and ensure
adequate soil moisture in the surface soil.
Apply 20-25 days after sowing where sedges
and broad weeds are dominant. May be applied
as a follow up application with all pre-em
herbicides. Drain before application and reflood
where relevant within a few days. Good against
water hyacinth and monchoria.
Broad spectrum herbicide for controlling a wide
variety of annual grasses and BLWs.

WHEAT
Herbicides
Clodinofop
(Topik)

Fenoxaprop
(Puma Super)
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Remarks
Ideal for controlling herbicide resistant (HR)
P.minor. Gives excellent control of wild oats.
Does not control BLWs. Use 2,4-D after a week
for controlling BLWs. Avoid application during
morning hours when foliage wet due to dew fall.
Ideal for controlling HR P.minor. Gives excellent
control of wild oats. Does not control BLWs. Use
2,4-D after a week for controlling BLWs. Avoid
application during morning hours when foliage is
wet due to dew fall .
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Carfentrazon
ethyl (Affinity or
Aim)
Pinoxaden
(Axial)
Metribuzin
(Sencor)

20

50

20-30 DAS

Excellent control of broad leaved specially
Convolvulus sp.

40-50

800-1000

30-35 DAS

Excellent control of grasses.

175210

250-300

30-35 DAS

Metsulfuronmehtyl
(Algrip)
Sulfosulfuron
(Leader)

4-6

20-30

25-30 DAS

Quite effective on P.minor including HR one.
Also gives good control of many BLWs. Enough
care is required in application as it may cause
crop phytotoxicity in some cases. Use floodjet
nozzle(WFN040)
Controls several annual BLWs and sedges. Does
not control grasses

2,4-D

400600

Varies with
formulation

30-35 DAS

Product
(kg or
ml/ha)
1500-2000

Application
time

Atrazine
(Atrataf,

Dose
(g
ai/ha)
7501000

Pendimethalin

1.0-1.5

3.0-4.5

Pre-em

Metolachlor
(Dual)

10001500

2000-3000

Pre-em

2,4-D

0.75

2.2

Post-em

25

25-30 DAS

Ideal for controlling HR- P. minor. Provide control
of other BLWs to some extent. Not suited to
wheat inter or mix cropped with mustard. Avoid
application during morning hours when foliage
wet due to dew fall.
Apply after first irrigation for controlling broad
leaved weeds only.
Should not be used in
sensitive cultivars such as HD 2009. Avoid
application to very young seedlings and crop at
boot stage. Avoid application during morning
hours when foliage wet due to dew fall.

Maize
Herbicides

Pre-em. or
early Postemergence

Remarks

Apply either prior to emergence of crop or within
2 weeks after emergence. Controls many annual
BLWs and some grasses. Not suited to maize
intercropped with grain legumes. May be tank
mixed
with
alachlor,
pendimethalin
or
metolachlor at half their recommended doses for
broad spectrum weed control
Controls many annual grasses and some BLWs.
Suited to maize intercropped with grain legumes.
May be tank mixed with, pendimethalin or
metolachlor at half their recommended doses for
broad spectrum weed control.
Controls many annual grasses and some BLWs.
Suited to maize intercropped with grain legumes.
May be tank mixed with, pendimethalin or
alachlor at half their recommended doses for
broad spectrum weed control
For the control of broadleaf weeds only. Suited to
maize intercropped with grain legumes.

In transplanted maize, apply atrazine at 0.25-0.50 kg/ha from 0-4 weeks after transplanting
GREENGRAM / BLACKGRAM / PIGEONPEA
Herbicides

Pendimethalin
Quizalofop
(Targa super)

Dose/
Rate
(gai/ha)
7501000
50

Product
(g or
ml/ha)

Application
time

2500-3000

Pre-em

Controls many annual grasses and some BLWs.

1000

Post emergence

Excellent control of grasses
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CHICKPEA / LENTIL/FIELD PEAS
Herbicides

Dose/
Rate
(gai/ha)

Product
(g or
ml/ha)

Application
time

Pendimethalin

7501000

2500-3000

Pre-em

Controls many annual grasses and some BLWs.

Oxyfluorfen
(in Peas)

100-125

400-500

Pre-em

Controls wide spectrum of weeds.

Metribuzin
(in Peas)

250

350

Pre-em or
post-em

Controls several annual grasses and BLWs and
some sdges

15-20 DAS

Excellent control of annual grasses, including
Phalaris and wild oats.

Quizalofop
(Targa Super)

Remarks

SOYBEAN
Herbicides

Dose/
Rate
(gai/ha)

Product
(g or
ml/ha)

Application
time

Remarks

Chlorimuron
(Kloben)

8-12

40-60

15-20 DAS

Controls many annual BLWs, some grasses and
sedges

Fenoxaprop
(Whipsuper)

90-120

1000

20 DAS

Excellent control of grasses

Imazethapyr
(Pursuit)

100

1000

Pre-em or
Controls a wide variety of annual grasses and
early post-em BLWs

Metribuzin
(Sencor)

350-525

500-750

Pre-em

Apply 1-2 days after sowing. Controls many
annual grasses and BLWs

Pendimethalin
(Stomp)

7501000

2500-3000

Pre-em or
Pre-planting

Incorporate in to surface soil when used before
planting. Controls many annual grasses and
some BLWs.

Quizalofop-ethyl
(Targa Super)

40-50

800-1000

15-20 DAS

Excellent control of annual grasses, including
Phalaris and wild oats.

Fenoxaprop-pethyl +
Chlorimuron ethyl

90+9

400+36

20 DAS

Excellent control of grasses and broad leaved
weeds

Dose/
Rate
(gai/ha)

Product
(g or
ml/ha)

Application
time

Pendimethalin

7501000

2500-300

Pre-em

Controls many annual grasses and some BLWs.

Isoproturon

7501000

1000-1250
(75WP)
1500-2000
(WP)

Pre-em or
Early post

Controls many annual grasses and BLWs.
Untimely rain immediately after herbicide
application may damage the crop. With post-em
application, mix herbicide in 20-25 kg dry soil
and broadcast uniformly. However, avoid
application on wet foliage.

Oxadiazon
(Ronstar)

500

2000

Pre-em
Controls many annual grasses and some BLWs.
Early post-em

Quizalofop
(Turga Super)

50-60

1000

15-20 DAS

RAPESEED MUSTARD
Herbicides
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Remarks

Excellent control of annual grasses, including
Phalaris and wild oats.
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COTTON
Herbicides

Dose/
Rate
(gai/ha)

Product
(g or
ml/ha)

Application
time

Remarks

Pendimethalin

10001500

3000-5000

Pre-plant Preem or Lay-by
application

Apply before sowing and incorporates in to
surface soil, or 2-3 days after sowing.
Controls many annual grasses and some
BLWs. Could also be applied at the end of
last intercultivation followed by irrigation for
season-long weed control. Remove all weeds
before lay-by application.

Oxadiazon

500-750

1000-1500

Pre-em

Controls many annual grasses and some
BLWs.

Trifluralin

5001000

1000-2000

Pre-planting

Incorporate into surface soil immediately after
application.

Paraquat
(Gramoxone)

500

2000

Post-em

As directed spray when cotton is over 15 cm
high. Spray when it is not windy with least drift
on to the crop. Good control of all weeds.

Glyphosate

1000

2500

Post-em

As directed spray when cotton is over 15 cm
high. Spray when it is not windy with least drift
on to the crop. Good control of all weeds
including perennial weeds.

Glufosinate

450

Post-em

As directed spray when cotton is over 15 cm
high. Spray when it is not windy with least drift
on to the crop. Good control of all weeds

SUGARCANE
Herbicides

Dose/
Rate
(gai/ha)

Product
(g or l/ha)

Application
time

Atrazine

2000

4000

Pre-em

Good soil tilth and soil moisture enhances the
herbicide activity. Tank mix atrazine with
alachlor 2.0 kg/ha (4.0 l product) for broad
spectrum weed control.

2,4-D

1000

3000

Post-em

Apply 5 weeks after planting. Controls BLWs
and sedges.

Metribuzin

10001500

1500-2250

Pre-em or
Early Post-em

Apply 3-5 days after planting or at 20-25 days
after planting. Use floodjet nozzle and as
directed spray in case of post-em application.
Ensure sufficient soil moisture for better weed
control. Can be mixed with 2,4-D in early poemergence application for broad spectrum
weed control.

Paraquat
(Gramoxone)

500 or
0.30%s
pray

2000

Post-em

As directed spray when the crop is over 30
cm high. Spray when it is not windy with least
drift on to the crop. Good control of all weeds.

Glyphosate

1000

2500

Post-em

As directed spray when cotton is over 15 cm
high. Spray when it is not windy with least drift
on to the crop. Good control of all weeds
including perennial weeds.
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POTATO
Herbicides

Dose/
Rate
(gai/ha)

Product
(g or l/ha)

Application
time

Paraquat

500

2000

Post-em
(Before 5%
sprouting of
potato)

Apply before 5% emergence of potato tubers.
Delay causes phytotoxicity to the crop.
Controls all annual weeds. Does not control
weeds which emerge after application.

Isoproturon

7501000

1000-1250
(75WP)
1500-2000
(WP)

Pre-em or early
Post-em

Controls wide variety of annual weeds both
grasses and BLWs

Metribuzin

525

750

Pre-em or early
Post-em

Apply 3-4 days after planting 0r as post-em
when potato has reached 5 cm in height.
Controls wide variety of annual weeds both
grasses and BLWs. Use flat fan nozzle for
pre-em and floodjet nozzle for post-em
application.
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Carbon Sequestration and Climate Change
K. P. Patel
Principal Scientist
B.A. College of Agriculture
Anand Agricultural University, Anand (Gujarat)
INTRODUCTION
Population growth and climate change
st
are the challenges of the 21 Century. It is
now widely accepted that the change in
climate is unusual nature of environment. All
quantitative assessments show that climate
change will adversely affect food security.
Analysis of the impact of climate change
suggests that agro-ecological systems are the
most vulnerable sectors. Agriculture in
developing countries lying at low latitudes is
expected to be especially more vulnerable,
because climate of many of these countries is
already too hot. Main climate change related
drivers: temperature, precipitation, sea level
rise, atmospheric carbon dioxide content and
incidence of extreme events may affect the
agriculture sectors in many ways like
reduction
in
agricultural
productivity,
limitations on water resources, exacerbation
of drought periods, reduction in soil health,
pest and disease outbreak etc.
Climate change is mainly caused by
anthropogenic emissions of greenhouse
gases (GHG: CO2, CH4, N2O, HFC, PFC and
SF6), which accumulate in the earth's
atmosphere and trap heat. The concentration
of atmospheric carbon dioxide, a leading
cause of global warming, continues to
increase with world population growth and
economic development. In India, climate
change has caused tremendous changes in
the weather patterns across different parts of
the country. Extended summers, unpredicted
rainfall are all some of the effects of climate
change.
It is a known fact that global
temperature levels will rise anywhere between
2 – 5° over the next century. Climate change
will also cause health problems which mainly
come from water related diseases. Some of
the ways of reducing impact of climate change
is by finding alternate energy sources for
transport which has fewer emissions.
Awareness about the impacts of climate
change has to be passed on to the common
man who is not aware of what the impacts of
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half a degree increase in temperature would
be like!!!
Factors contributing to climate change –
GHG emissions
The global carbon cycle involves
interaction among the atmosphere, oceans,
soils and vegetation and fossil fuel deposits.
The oceans contain 39,000 giga tonnes of
carbon (GtC), fossil fuel deposits about
16,000 GtC, soils and vegetation about 2500
GtC, and the atmosphere about 760 GtC2.
Since 1850, land-use change is estimated to
have released about 136 GtC and fossil fuel
combustion, about 270 GtC. Of this, 180 GtC
has ended up in the atmosphere, while 110
GtC has been absorbed by growing
vegetation and the remainder by the oceans.
It is the increasing concentration of
atmospheric CO2 that is the cause for
concern about global climate change. The
combustion of fossil fuels and other human
activities are the primary reasons for
increased concentrations of CO2 and other
greenhouse gases. Between 1990 and 1999,
an estimated 6.3 GtC/year was released due
to the combustion of fossil fuels, and another
1.6 GtC/year was released due to the burning
of forest vegetation.
This was offset by the
absorption of 2.3 GtC/year each by growing
vegetation and the oceans. This left a balance
of 3.3 GtC/ year in the atmosphere.
Controlling the release of greenhouse gases
from fossil fuel combustion, land-use change
and the burning of vegetation are therefore
obvious opportunities for reducing greenhouse
gas emissions. Reducing greenhouse gas
emissions can lessen the projected rate and
magnitude of warming and sea level rise. The
greater the reductions in emissions and the
earlier they are introduced, the smaller and
slower the projected warming and the rise in
sea levels. Future climate change is thus
determined by historic, current and future
emissions. Of the six aforementioned GHGs,
CO2 accounted for 63%, methane 24%,
nitrous oxide 10%, and the other gases the
remaining 3% of the carbon equivalent
emissions in 2000. Thus in addition to CO2,
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global mitigation efforts need to focus on the
two largest and rapidly increasing GHGs.
Impact of Climate change in India
In developing countries like India,
climate change could represent an additional
stress on ecological and socioeconomic
systems that are already facing tremendous
pressures due to rapid urbanization,
industrialization and economic development.
With its huge and growing population, a 7500km long densely populated and low-lying
coastline, and an economy that is closely tied
to its natural resource base, India is
considerably vulnerable to the impacts of
climate change.
The various studies conducted in the
country have shown that the surface air
temperatures in India are going up at the rate
of 0.4oC per hundred years, particularly
during the post-monsoon and winter season.
Using models, they predict that mean winter
temperatures will increase by as much as
3.2oC in the 2050s and 4.5oC by 2080s, due
to Greenhouse gases. Summer temperatures
will increase by 2.2oC in the 2050s and 3.2oC
in the 2080s. Extreme temperatures and heat
spells have already become common over
Northern India, often causing loss of human
life. In 1998 alone, 650 deaths occurred in
Orissa due to heat waves.
Climate change has had an effect on
the monsoons too. India is heavily dependent
on the monsoon to meet its agricultural and
water needs, and also for protecting and
propagating its rich biodiversity. Subtle
changes have already been noted in the
monsoon rain patterns by scientists at IIT,
Delhi. They also warn that India will
experience a decline in summer rainfall by the
2050s, summer rainfall accounts for almost
70% of the total annual rainfall over India and
is crucial to Indian agriculture. Relatively small
climatic changes can cause large water
resource problems, particularly in arid and
semi-arid regions such as northwest India.
This will have an impact on agriculture,
drinking water and on generation of hydroelectric power.
What is carbon sequestration?
Carbon
concentration
in
the
atmosphere is increasing at the rate of about
4 billion mt (2 parts per million) per year, with
transfer primarily from the fossil fuel, biotic,
and soil pools. This increase is a double
jeopardy. One, the loss of carbon from the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

terrestrial pools reduces the ecosystem
services and goods that these systems
provide. In particular, decline in soil quality
adversely affects use efficiency of inputs,
decreases agronomic yields, and exacerbates
food insecurity. Two, increase in atmospheric
pools accentuates global warming with the
attendant impact on pole-ward shifts of
ecosystems and the increase in frequency
and intensity of extreme events including
droughts, melting glaciers and Arctic ice
sheet, rising sea level, and loss of biodiversity.
One solution to this problem is to transfer
atmospheric CO2 into other long-lived pools
(such as the soil and biotic pools); this is
called carbon sequestration. Increasing
carbon pools in the soil beyond a threshold
level (about 1.2 percent in the surface layer) is
essential to enhancing soil quality, increasing
agronomic productivity, and improving quality
of natural waters. The strategy of carbon
sequestration in soils and biota is cost
effective, safe, and has numerous co-benefits
over leaving carbon in the atmosphere or
sequestering it in geologic and oceanic strata.
Biotic, or plant-based, sequestration is based
on a natural process whereby CO2 is
photosynthesized into organic substances and
stored for the long term in plant products and
soil organic matter. The natural rate of
photosynthesis in the global biosphere is
about 120 billion mt of carbon per year. Fossil
fuel combustion emits about 8 billion mt of
carbon annually, and deforestation and landuse conversion emit another 1.6 billion to 2
billion mt of carbon per year, for a total of 9.6
to 10.8 billion mt of carbon emissions per
year. Thus, if roughly 8 percent of the carbon
being photosynthesized by the biosphere is
retained within the soil and biotic pools, the
global carbon budget would be balanced.
Role of soil organic matter in carbon
sequestration
The soil organic matter pool contains
humified products formed by biological
transformation of carbon compounds. The
inert pool consists of charcoal and pyrolysed
carbon with half lives of centuries to millennia.
The amount of soil carbon in these
different fractions depends on the quality of
the organic matter being added to the soil as
well as their decomposition products through
the biological process of humification.
Humified soil carbon products have highly
aromatic structures such as poly-phenols and
hence very slow decomposition rates. Their
formation is constrained by low levels of N, P
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and S (Lal, 2008). They also have much lower
C/N ratios than labile SOM due to both loss of
carbon and incorporation of soil nitrogen.

outputs. Carbon sequestration can be
achieved by maximizing C inputs and
minimizing C outputs (Table 1).

Soil organic carbon is of fundamental
importance to soil health as it affects all three
aspects of soil fertility, namely chemical,
physical and biological fertility. The activity of
living organisms in soil is dependent on
regular inputs of organic matter. Soil Organic
Carbon (SOC) is part of the global C cycle
and the global SOC pool (1580 Gt) is twice as
large as that in the atmosphere and nearly
three times that of the vegetation biomass
carbon
pool.
Soil
organic
carbon
sequestration refers to the storage of carbon
in soil and is being considered as a strategy
for mitigating climate change.

Table 1: Strategies to sequester soil organic C.

Carbon sequestration to mitigate climate
change
Human activities, especially the
burning of fossil fuels such as coal, oil, and
gas, have caused a substantial increase in the
concentration of carbon dioxide (CO2) in the
atmosphere. This increase in atmospheric
CO2 —from about 280 to more than 380 parts
per million (ppm) over the last 250 years—is
causing measurable global warming. Potential
adverse impacts include sea-level rise;
increased frequency and intensity of wildfires,
floods, droughts, and tropical storms; changes
in the amount, timing, and distribution of rain,
snow, and runoff; and disturbance of coastal
marine and other ecosystems. Rising
atmospheric CO2 is also increasing the
absorption of CO2 by seawater, causing the
ocean to become more acidic, with potentially
disruptive effects on marine plankton and
coral reefs. Technically and economically
feasible strategies are needed to mitigate the
z to build soil fertility, protect soil from
compaction, and nurture soil biodiversity. In
addition to its vital role of mitigating
greenhouse
gas
emissions,
soil
C
sequestration provides many other significant
off-farm benefits to society. These benefits
include the protection of streams, lakes, and
rivers from sediment, nutrient, and pathogen
runoff from agricultural fields, as well as
enhanced wildlife habitat. A full-system costto-benefit ratio of soil C sequestration from
various conservation agricultural practices has
not been adequately addressed, but is needed
to more fully appreciate this important
pathway. Conservation agricultural systems
promote soil C sequestration by tipping the
balance in favor of C inputs relative to C
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

(1) Maximizing C input
 Plant selection
 Species, cultivar, variety
 Growth habit (perennial/ annual)
 Rotation sequence
 Biomass energy crops
 Tillage
 Type
 Frequency
 Fertilization
 Rate, timing, placement
 Organic amendments
(2) Minimizing C loss from soil
 Reducing soil disturbance
 Less intensive tillage
 Controlling soil erosion

Utilizing available soil
water
 Promotes optimum plant growth
 Reduces soil microbial activity

Maintaining
surface residue
cover
 Increased plant water use and
production
 More fungal dominance in soil
Estimation of Carbon Sequestration
Carbon flow (as CO2) in crop or forest
production depends on two processes: fixation
(assimilation) and emission processes. The
former represents the biomass growth in living
crop/trees (in CO2 equivalents) due to the
photosynthesis, while the latter represents the
biomass decay of the wood (in CO2
equivalents), as a consequence of natural
mortality or human related removals and enduses.
The changes in carbon status of
plant-soil system annually are recorded as the
difference between total carbon gains and
losses for each system. Gains for plant-soil
system carbon are from the atmosphere, as
photosynthesis or net primary production, and
from additions of organic material from outside
the system. Soil carbon arising from organic
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matter or leaf litter decomposition is
accounted
for
in
the
gains
from
photosynthesis. Carbon losses, on the other
hand, are due to harvesting, burning, erosion
and oxidation.

•

For accounting purposes, greenhouse
gases are counted in carbon dioxide
equivalents:

•

– CO2 = 1 CO2 equivalent
–

CH4 ~ 20 CO2 equivalents

–

N2O ~ 300 CO2 equivalents

The technical potential for soil carbon
sequestration
Soil organic carbon has been
depleted through (1) the long-term use of
extractive farming practices and (2) the
conversion of natural ecosystems (such as
forest lands, prairie lands, and steppes) into
croplands and grazing lands. Such a
conversion depletes the soil organic carbon
pool by increasing the rate of conversion of
soil organic matter to CO2, thereby reducing
the input of biomass carbon and accentuating
losses by erosion. Most agricultural soils have
lost 30 to 40 mt of carbon per hectare, and
their current reserves of soil organic carbon
are much lower than their potential capacity.
Soil carbon sequestration involves adding the
maximum amount of carbon possible to the
soil. The technical potential for this process is
higher in degraded/desertified soils and soils
that have been managed with extractive
farming practices than it is in good-quality
soils managed according to recommended
management
practices
(RMPs).
Thus,
converting degraded/desertified soils into
restorative land and adopting RMPs can
increase the soil carbon pool. While no single
technology is appropriate for all soils,
climates, or cropping and farming systems,
the goal is to identify site-specific technologies
that create a positive soil carbon budget. The
rate of soil carbon sequestration through the
adoption of RMPs on degraded soils ranges
from 100 kilograms per hectare (kg/ha) per
year in warm and dry regions to 1,500 kg/ha
per year in cool and temperate regions.
A recent estimate of the technical
potential of soil organic carbon sequestration
through adoption of RMPs for world cropland
soils (1.5 billion hectares) is 0.4 billion to 1.2
billion mt of carbon per year. Examples of soil
and
crop
management
technologies
that increase soil carbon sequestration
include:
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•

•
•

no-till (NT) farming with residue mulch
and cover cropping;
integrated nutrient management (INM),
which balances nutrient application with
judicious use of organic manures and
inorganic fertilizers;
various
crop
rotations
(including
agroforestry);
use of soil amendments (such as
zeolites, biochar, or compost); and
improved pastures with recommended
stocking rates and controlled fire as a
rejuvenate method.

Another good strategy for soil carbon
sequestration
is
the
restoration
of
degraded/desertified soils (about 2 billion
hectares), which can be achieved through
afforestation and reforestation. The technical
potential of soil carbon sequestration through
restoration of degraded/ desertified soils is 0.6
billion to 1 billion mt of carbon per year. The
establishment of energy plantations can also
improve ecosystem carbon pools. It is
estimated that afforestation and establishment
of energy plantations can offset 25 billion mt
of carbon between 2000 and 2050. The
technical potential of carbon sequestration in
world soils may be 2 billion to 3 billion mt per
year for the next 50 years. Thus, the potential
of carbon sequestration in soils and
vegetation together is equivalent to a drawdown of about 50 parts per million of
atmospheric CO2 by 2100.
The economic potential for soil carbon
sequestration
One way to think of soil carbon is as a
commodity. It can be produced and, if carbon
markets exist, traded like any other farm
produce. Additional income can be an
important incentive for the resource poor
farmers in developing countries to invest in
soil restoration and adopt RMPs. The
economic potential may be as much as 60
percent of the technical potential, or 1.2 to 2.0
billion mt of carbon per year. Furthermore,
measuring and monitoring protocols of change
in carbon pools at the landscape, farm, and
regional scales are available to facilitate
carbon trading. The greatest potential for
sequestration is in the soils of those regions
that have lost the most soil carbon. These are
the regions where soils are severely degraded
and have been used with extractive farming
practices for a long time. Among developing
countries, these regions include Sub-Saharan
Africa, South and Central Asia, the Caribbean,
Central America, and the Andean regions.
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Most soils have a technical or maximum sink
capacity of 20 to 50 mt of carbon per hectare
that can be sequestered over a 20-to-50-year
period.
Soil
carbon
sequestration
can
enhance productivity and resilience Increases
in soil organic material have important
productivity and resilience benefits. These
benefits include improvement in soil quality,
increase in use efficiency of inputs, reduction
in soil erosion and sedimentation, decrease in
nonpoint source pollution, and lower rates of
anoxia or hypoxia (dead water) in coastal
ecosystems. Global food security cannot be
achieved without restoring the quality of
degraded soils, for which soil carbon
sequestration is an essential prerequisite.
Soil carbon sequestration is a win–win
strategy. It mitigates climate change by
offsetting anthropogenic emissions; improves
the environment, especially the quality of
natural waters; enhances soil quality;
improves
agronomic
productivity;
and
advances food security. It is a low-hanging
fruit and a bridge to the future, until carbonneutral fuel sources and low-carbon economy
take effect.
FUTURE NEEDS
Carbon sequestration in soils and
plants is the only strategy that can remove
carbon from the atmosphere and, over time,
reduce atmospheric concentration of CO2.
Initiatives to support reduced emissions from
deforestation (REDD) are well underway.
Funds for soil carbon mitigation should also
be made available. Support should be
provided for
•

•

•

•

crop mixes to include more plants that
are perennial or have deep-root
systems in order to increase the amount
of carbon stored in the soil;
cultivation systems that leave residues
and reduce tillage, especially deep
tillage, in order to encourage the buildup
of soil carbon;
shifting land use from annual crops to
perennial
crops,
pasture,
and
agroforestry in order to increase both
above- and belowground carbon stocks;
and
activities that restore degraded and
desertified soils and ecosystems,
especially those affected by accelerated
erosion, salinization, and nutrient
depletion.
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Carbon offset payments should be
allowed for carbon sequestered in soils where
low-cost monitoring is available. Funds for the
development of these monitoring systems
should be part of any outcome. Paying
resource-poor farmers and smallholders in
developing countries like India for soil carbon
sequestration would contribute to GHG
mitigation, provide much needed resources to
support development and adaption of
improved crop technologies, and reduce rural
poverty.
SOME TERMINOLOGY
 The greenhouse effect is the rise in
temperature that the Earth experiences
because certain gases in the atmosphere
trap energy from the sun. These gases
are referred to as greenhouse gases. The
concentration of atmospheric carbon
dioxide, a leading cause of global
warming, continues to increase with world
population
growth
and
economic
development.
 Soil Organic Carbon (SOC) refers to the
carbon in soils associated with the
products of living organisms. It is a
heterogenous mixture of simple and
complex organic carbon compounds
which can be divided into different pools
dependent on their ease of decomposition
and functions in soil. The use of soil to
sequester carbon needs to consider at
least 3 significant soil carbon pools.
These carbon pools are the labile,
less labile (recalcitrant) and inert fractions.
The labile soil carbon pool consists mainly
of soil organisms, polysaccharides,
celluloses and hemi-celluloses with a half
life in soils varying from weeks to months.
The recalcitrant pool consists of lignins,
lipid polymers, suberins, resins, fats, and
waxes with half lives varying from years to
decades.
 Carbon sequestration is the term used to
describe a broad class of technologies for
capturing and permanently sequestering,
or storing, carbon dioxide (CO2). A
number
of
carbon
sequestration
approaches are being explored to help
mitigate global climate change.
 Carbon dioxide emissions from the
production and consumption of fossil fuels
are the largest contributor to man-made
emissions of greenhouse gases.
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 Global Climate Change refers to the
variation in the Earth's global climate or in
regional climates over time. It describes
changes in the variability or average state
of the atmosphere over time scales
ranging from decades to millions of years.
These changes can be caused by
processes internal to the Earth, external
forces (e.g., variations in sunlight
intensity) or, as scientists have more
recently theorized, human activities.

Lal, R. (2004) “Soil Carbon Sequestration
Impacts on Global Climate Change
and Food Security”, Science, 304:
1623–1627.

 The Carbon Credit is a new currency and
one Carbon Credit is equal to one Tonne
of CO2 and is called a CO2e (CO2
equivalent).

Lal. R. (2009) “Challenges and Opportunities
in Soil Organic Matter Research”,
European Journal of Soil Science, 60:
158–160.

 Carbon trading is the process of buying
and selling carbon credits. Large
companies or organizations are assigned
a quota of carbon that they are allowed to
emit. If a company's emissions are less
than its quota then it can sell credits if
emissions are more then it will need to
buy carbon credits.

Narain P.; Kar, A.; Ram, B.; Joshi, D.C. and
Singh, R.S. (2000). Wind Erosion in
Western Rajasthan, Central Arid Zone
Research Institute, Jodhpur.
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Approaches for Enrichment of Food Crops with Trace Elements
to Combat Malnutrition
K. P. Patel
Principal Scientist
B.A. College of Agriculture
Anand Agricultural University, Anand (Gujarat)
INTRODUCTION
According to estimates of the Food
and Agriculture Organization of the United
Nations (FAO 2009), currently over two billion
people worldwide—one out of six—is
undernourished. The related negative global
impacts of undernutrition on individual wellbeing and economic growth are well
acknowledged and there is general agreement
that fighting hunger not only represents one of
the foremost challenges for humanity but also
offers considerable economic and social
returns (World Bank 2006).
Since gaining independence in 1947,
India's main thrust in agricultural research
has been on food security. Now, it is high
time that along with food security due
attention should also be paid for adequate
micronutrient nutrition in India. The
micronutrients in human and animal nutrition
include vitamins (A, B, C, D, E and K) and 17
microminerals (Fe, Zn, Cu, Mn, I, Fl, B, Se,
Mo, Ni, Cr, V, Si, As, Li, Sn, Co) whereas
plants require mainly seven essential
micronutrients (Fe, Mn, Zn, Cu, B, Mo, and
Cl). According to WHO report (2002) on the
risk factors responsible for development of
illnesses and diseases, Zn deficiency ranks
th
11 among the 20 most important factors in
th
the world and 5 among the 10 most
important factors followed by Fe deficiency in
developing countries.
Micronutrient and human health
Research
effort
that
relates
micronutrients deficiency in soils with human
health and its remediation is only at infancy in
India (Rattan et al. 2009). Zinc deficiency in
human diet was reported as early as 1961 and
expressed
its
syndrome:
hypogonism,
dwarfism, hepatosplenomegaly, anemia and
geophagia. Studies conducted under All India
Micronutrient Project in Nalgonda and Ranga
Reddy district in Andhra Pradesh indicated
that soils having low zinc status produced
plant, grains with lower zinc content. So
people feeding such grains and other

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

vegetables showed lower zinc content in their
blood plasma compared to areas which had
high available zinc status and lower zinc
deficiency in soil (Singh 2009). Because of
widespread deficiencies of Zn in Indian soils
and crops, low Zn concentrations were found
particularly in diabetic and diabetic ulcer
patients than the normal surgical patients
without metabolic diseases. Severe iron
anaemia was found in 34% in adolescent girls
of Bikaner, Rajasthan and Gujarat (Sheshadri
1998). Similarly, prevalence of anaemia
particularly in women was reported from
various parts of country; although there is no
strong relationship between iron availability in
soil and occurrence of iron anemia in some
cases. The concentration of Zn, Cu, Fe and
Mn in drinking water and soil was correlated
with dental caries in children of rural areas in
the district of Ludhiana (Guaba 1983).
It is estimated that as many as three
billion people may suffer from micronutrient
deficiency. The vast majority lives in poverty
and lack access to a secure supply of safe
and nutritious food, meaning they achieve
neither an adequate food intake nor the
reference daily intakes (RDIs) of mineral
nutrients for healthy individuals (Table 1).
Milled cereals are deficient in many nutrients,
including essential amino acids (particularly
lysine), essential fatty acids, vitamins and
minerals. Alleviating mineral malnutrition
would thus be an important step towards some
of the Millennium Development Goals.
Table 1. Average reference daily intakes (RDIs)
and tolerable upper limits (ULs) for
the five key minerals—iodine, iron,
zinc, calcium and selenium
Element

RDI

UL

Iodine (µg)

150

1,100

Iron (mg)

8-18

45

Zinc (mg)

8-11

40

Calcium (mg)

1,000-1,200

2,500

Selenium (µg)

55

400

Reproduced from USDA data
(http://fnic.nal.usda.gov/)
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The dietary allowance of Zn for infants
-1
is 3–5 mg day , while for children of 1–10
years it is 10 mg day-1. For adults, the dietary
allowance is 15 mg day-1 for men, 12 mg day-1
-1
for women and 16-19 mg day for breast
feeding women. Zn requirement of animals
depends upon the purpose for which they are
raised. In cattle, the signs of Zn deficiency
occur when the pasture or fodder contains
-1
less than 18–42 mg Zn kg dry matter (Prasad
2010).
Causes for zinc deficiency
Cereals, especially rice and wheat
constitute nearly two-thirds of the energy
needs of humans in India. Dwarf high yielding
varieties of wheat, which ushered the green
revolution in India, also led to the development
of rice-wheat cropping system (RWCS), which
presently occupies about 10 million ha in the
Indo-Gangetic Plain (IGP) of north India and is
spread over the states of Punjab, Haryana,
Uttar Pradesh, Bihar and West Bengal. The
RWCS is the backbone of India's food
security. In addition to RWCS, several other
intensive multiple cropping systems have been
developed and are being practiced in the
country. These intensive cropping systems
remove large amounts of Zn. Takkar (1996)
-1 -1
reported that a harvest of 8 t grain ha yr
-1 -1
removed 384,744 and 320 g Zn ha yr in ricewheat, maize-wheat and rice-rice cropping
systems. Similarly, a harvest of 6.5 t grain ha
-1
-1
1 -1
yr removed 416 g Zn ha yr in soybeanwheat cropping system. This heavy removal of
Zn year after year without adequate Zn
fertilization has depleted Zn from native soils
and today 49% of Indian soils are Zn deficient
(Prasad 2010). Another factor responsible for
Zn deficiency in Indian soils has been the
decrease in the application of organic
manures, the supply of which has
considerably reduced due to decrease in the
number of farm animals caused by increased
mechanization of agriculture. Nevertheless,
the need for integrated nutrient supply of plant
nutrients (organic + chemical fertilizer +
biofertilizers)
has
been
repeatedly
emphasized.
APPROACHESTO ALLEVIATE
MICRONUTRIENT MALNUTRITION
1. Dietary diversity
Plant source foods that have
relatively high zinc content include legumes,
nuts and seeds, and whole grains. Legumes
-1
contain ~1 mg 100g (cooked) or about 50%
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the concentration in meat. However the zinc
status of legume-consuming populations is
poor because only about 15% of zinc in
legumes can be absorbed, due to their high
phytate content. Promisingly, absorption from
a high zinc variety was 40%. Zinc absorption
from nuts and seeds, also high in zinc, has not
been determined. A low phytate maize hybrid
increased zinc absorption in American men
but when tested in Guatemalan school
children absorption was 30% and did not differ
between normal and low-phytate maize
varieties (Allen, 2008). Animal products such
as, meat, fish and poultry contain more Zn
than cereals (Table 2) and do not have
phytates. So the best way to provide enough
Zn is to increase the intake of proteinaceous
foods such as meat, fish, poultry, cheese,
milk, etc. Increasing the proportion of fruits
and vegetables in diet can also help in
meeting Zn requirements.
Table 2. Zn content of some foods
Food item

Zn
(mg/kg)

Rice

Food item

Zn
(mg/kg)

Black gram

117

Unhulled

27-44

Chickpea
grain

86

Brown rice

18

Pigeonpea
grain

64

Polished rice

13

Lentil grain

118

Wheat grain

32-59

Brinjal fruit

43 (56)*

Baked beans

17

Spinach leaf

64 (398)*

Milk

4.3

Radish root

121 (654)*

Processed
meat

14.7

Bottlegourd
fruit

43 (56)*

Green gram
grain

162

Papaya fruit

22 (46)*

* Grown on sewage water
Source: Prasad, R. (2010)
2. Food fortification
Food fortification is one of the most
cost-effective long term strategies for mineral
nutrition and ranks third in terms of costbenefit balance. Fortification of dairy products
such as bread and milk with different minerals
and vitamins has been successful in
industrialized countries. However, this strategy
is difficult to implement in developing countries
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because it relies on a strong food processing
and distribution infrastructure.
The Flour Fortification Initiative (FFI)
claims that food fortification must be
implemented at a national level to be
successful, and must involve the public,
private business and government sectors.
Since many parts of the world suffer from
multiple deficiencies, strategies must also be
developed to fortify foods simultaneously with
several micronutrients without adverse
interactions among them (Zimmermann et al.
2004). The addition of a single micronutrient
would have more or less the same cost
implications as the addition of several, but
more research is needed to determine the
most cost-effective way to make nutritionally
complete foods.
3. Supplementation
Supplementation is the best shortterm intervention to improve nutritional health,
involving the distribution of pills or mineral
solutions for immediate consumption. This
helps to alleviate acute mineral shortages but
is unsustainable for large populations and
should be replaced with fortification at the
earliest opportunity. In developing countries,
where acute and chronic deficiencies are
commonplace, supplementation is highly
recommended to complement the diet (fortified
or otherwise) of the entire population (Nantel
and Tontisirin 2002). Supplementation of
important minerals in tablets or sachet forms
can be a viable option for alleviating deficiency
of these nutrients in adverse conditions like
natural calamities and refugee camps.
4. Biofortification
Where infrastructure allows, mineral
nutrition can be improved using supplements
(usually in tablet/sachet form) or conventional
fortification (where minerals are added to
processed foods, such as packaged cereals).
Unfortunately, such strategies have been
largely unsuccessful in developing countries
because of insufficient funding, poor
governance, and a poor distribution network. A
more recent development is biofortification,
where intervention takes place before plants
are harvested. Biofortification focuses on
enhancing the mineral nutritional qualities of
crops at source, which encompasses
processes that increase both mineral levels
and their bioavailability in the edible part of
staple crops. The former can be achieved by
agronomic intervention, plant breeding or
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genetic engineering, whereas only plant
breeding and genetic engineering can
influence mineral bioavailability.
Plant
breeding
and
genetic
engineering are often compared because, in
contrast to agronomic interventions, both
involve changing the genotype of a target
crop. The two processes are similar in aim,
albeit different in scope. Both attempt to create
plant lines carrying genes that favour the most
efficient
accumulation
of
bioavailable
minerals—plant breeding achieves this by
crossing the best performing plants and
selecting those with favorable traits over many
generations, whereas genetic engineering
accesses genes from any source and
introduces them directly into the crop.
Bioavailability refers to the portion of
an ingested nutrient that can be absorbed in
the human gut. The bioavailability of minerals
can be reduced or enhanced by the
consumption of food rich in antinutrients
(inhibitors of absorption) or nutritional
enhancers, respectively. A varied diet
comprising fresh fruit, vegetables, fish and
meat provides sufficient nutrients and
enhancers to promote adequate mineral
absorption in the gut. People in developing
countries, whose diet is primarily cerealbased, are disproportionately affected by
mineral deficiencies because cereals not only
have low levels of minerals, but also high
levels of phytate, which chelates mineral ions
and inhibits their absorption. Reducing levels
of phytate and other antinutrients in crops, and
increasing nutritional enhancers, could be an
important strategy to improve overall mineral
bioavailability Go’mez-Galera et al. 2010).
AGRONOMIC BIOFORTIFICATION
Fertilizer strategy could be a rapid
solution to the problem and can be considered
an important complementary approach to the
on-going breeding programs. Fertilizer studies
focusing specifically on increasing Zn
concentration of grain (or other edible parts)
are, however, very rare, although a large
number of studies are available on the role of
soil and foliar applied Zn fertilizers in
correction of Zn deficiency and increasing
plant growth and yield (Rengel et al. 1999).
Zinc can be directly applied to soil as
both organic and inorganic compounds. Zinc
sulfate (ZnSO4) is the most widely applied
inorganic source of Zn due to its high solubility
and low cost. Zinc can also be applied to soils
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in form of ZnO, ZnEDTA and Zn-oxysulfate.
The agronomic effectiveness (e.g., magnitude
of the crop response per unit applied
micronutrient) of Zn fertilizers is higher with
ZnEDTA than the inorganic Zn fertilizers.
However, due to its high cost, use of ZnEDTA
in cereal farming is limited.
Depending on the application method,
Zn fertilizers can increase grain Zn
concentration up to three or four fold (Yilmaz
et al. 1997). The most effective method for
increasing Zn in grain was the soil+foliar
application method that resulted in about three
and half fold increase in the grain Zn
concentration. The highest increase in grain
yield was obtained with soil, soil+foliar and
seed+foliar applications. When a high
concentration of grain Zn is aimed in addition
to a high grain yield, combined soil and foliar
application is recommended. Alternatively,
using seeds with high Zn concentrations at
sowing together with foliar application of Zn is
also an effective way to improve both grain
yield and grain Zn concentration. It is difficult
to apply to other minerals, notably Fe,
because most inorganic Fe in soil is
inaccessible to plants. One drawback of
agronomic intervention is the cost and impact
of the fertilizers. There is also concern about
the impact of increased fertilizer use on the
environment.
Different approaches for agronomic bio
fortification of food crops
A successful breeding program for
biofortifying food crops with Zn is very much
dependent on the size of plant-available Zn
pools in soil. In most parts of the cerealgrowing areas, soils have, however, a variety
of chemical and physical problems that
significantly reduce availability of Zn to plant
roots. Since genetic biofortification is a long
term approach and cultivars developed may
not be able to absorb sufficient amount of Zn
from soil to accumulate it in grain. It is,
therefore, essential to have a short-term
approach to improve Zn concentration in
cereal grains.
Application of Zn fertilizers or Znenriched NPK fertilizers (e.g., agronomic
biofortification) offers a rapid solution to the
problem,
and
represents
useful
complementary
approach
to
on-going
breeding programs. Zinc-enriched grains are
also of great importance for crop productivity
resulting in better seedling vigor, denser
stands and higher stress tolerance on
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

potentially Zn-deficient soils. Shivay et al.
(2008) observed that Zn application to soil as
ZnSO4 or Zn-coated urea not only increased
yield but also Zn concentration in rice and
wheat grain under rice wheat cropping system
(Table 4).
Table 4. Effect of Zn-enriched urea on
grain yield and grain Zn content
of rice and wheat
Rice
Treatm
ents

Prilled
Urea

Wheat

Grain
Grain
Grain
Zn
yield content yield
-1
(mg (t ha-1)
(t ha )
-1
Kg )
3.99

Grain
Zn
Cont
ent
(mg
-1
Kg )

30

3.72

40

Zn- enriched Urea
1 % Zn
as ZnO

4.46

36

4.14

46

1% Zn
as
ZnSO4

4.67

39

4.25

49

2 % Zn
as ZnO

4.95

43

4.39

49

2% Zn
as
ZnSO4

5.15

48

4.53

51

Agronomic biofortification strategy
appears to be essential in keeping sufficient
amount of available Zn in soil solution and
maintaining adequate Zn transport to the
seeds during reproductive growth stage. In
case of greater bioavailability of the grain Zn
derived from foliar applications than from soil,
agronomic biofortification would be a very
attractive and useful strategy in solving Zn
deficiency-related health problems globally
and effectively (Cakmak 2008).
Soil fertilizer applications
Soil application of Zn increased grain
Zn concentrations in various cereal crops by a
factor of two to three, depending on species
and crop genotype. Soil type also influences
the extent of increase in Zn concentration in
grain as a consequence of soil Zn fertilization.
In contrast to Zn, soil application of inorganic
Fe fertilizers to Fe-deficient soils is usually
ineffective because of quick conversion of Fe
(II) into unavailable Fe (III) forms. In contrast,
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an application of synthetic Fe-chelates for
correction of Fe deficiency is effective, but
generally expensive, and is likely to be even
more uneconomic if the aim is to increase Fe
concentration in the grain rather than to
increase yield. Rengel et al. (1999) noticed
that the most effective fertilization could be via
soil (for Zn) and foliarly (for Fe) to increase
micronutrient density in grain of field crops
(Table 5).
Table 5. Content of Zn in wheat grain as
influenced
by
Soil
Zn
fertilization
Zn
fertiliz
ation

Grain
yield
(g/
plant)

Grain
Zn
content

Grain Zn
content

mg
Zn
-1
kg

(mg
Zn)
per
seed)

(µg Zn)
per
plant)

1.00±
0.17

9.1±
0.4

233±
35

9±2

0.05

2.20±
0.13

9.9±
0.6

307±
25

22±2

0.2

2.24±
0.16

14±
0.7

404±
11

31±2

0.8

2.51±
0.30

83±
4

2540±
95

205±
16

3.2

1.70±
0.03

145±
5

3750± 245±7
330

mg Zn
kg-1
soil
0

Zn content of the seed sown=600ng/seed
(Cultivar Excalibur)
There are many studies where the
increases in grain micronutrient content, with
increasing
application
of
micronutrient
fertilizers to soil, are minimal or nonexistent.
Long-term fertilization with CuSO4 and ZnSO4
-1
(cumulative applications 415 and 897 kg ha .
respectively)
did
not
increase
Cu
concentration in Z. mays grain, while Zn
concentration increased only with the highest
Zn application (Payne et al. 1988). However, it
is worth noting that the soil was alkaline; high
pH limits phyto-availability of both Zn and Cu.
After a certain limit in micronutrient
fertilization, further increase in fertilizer
application cause not only a reduction in the
yield, but a decrease in micronutrient density
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in grain as well (Nambiar and Motiramani
1983). Even when applied to soil at rates
below
toxicity
threshold,
micronutrient
fertilizers do not result in linear increases in
grain micronutrient density.
Foliar fertilizer applications
Plants are capable of absorbing
soluble compounds and gases through leaves,
phenomena that have been utilized for
delivering plant nutrients by foliar spraying.
Application of foliar sprays implies that
nutrients applied will be absorbed and
exported from the point of application (leaf) to
the point of utilization (usually growing
tissues). The leaf cuticle is the first major
obstacle in that chain of events. For Fe, Zn
and Mn applied either in chelated or in the
sulfate-salt form, an extensive fixation by
cuticle occurred at the point of application.
Foliar absorption of these three elements was
lower from chelates than from the inorganic
salt, but the translocation within the plant was
greater when chelated forms were applied.
Dhaliwal
et
al.
(2010) found
improvement in rice yield and Zn and Fe
concentration in rice, brown rice, husk and
their uptake in rice, irrespective of rice
cultivars, when three foliar applications of Fe
and Zn were given to the rice crop at different
stages. The export of nutrients from leaves as
well as transport downward in the stem occurs
exclusively in phloem, while transport upward
in the stem may occur in either phloem or
xylem. In wheat, export of Zn from leaves
toward the grain occurs at a variable rate
(Pearson and Rengel 1994), while recent
research indicated that foliarly applied Zn
accumulated in Wheat roots, suggesting
unrestricted downward transport. Foliar
fertilization with ZnSO4, Zn-EDTA and other
chelates has been used in fruit and vegetable
production as well as for field crops.
It is important to stress that the timing
of foliar Zn application is critical because early
Zn deficiency (e.g. prior to leaf mass being
developed to a stage that would warrant foliar
application) may predispose a crop to a grain
yield loss (Sharma and Katyal 1986). Soil
application of Zn at the time of seeding
therefore remains the preferred fertilizing
option, at least for wheat. On the other hand,
preliminary experiments indicate that foliar
applications of ZnSO4 to barley and wheat,
late in the growing season can increase seed
Zn concentration (Ascher et al. 1994).
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Table 6. Effect of foliar Application of Zn and Fe on their content in wheat grain
Variety
PDW 274
PDW 291
PBW 343
PBW 502
PBW 550
Mean

CD (5%)

Zn Content (µg/g)
- Zn
+Zn
Mean
% increase
31.7
40.3
36.0
27.1
31.2
43.3
37.3
38.8
32.9
38.6
35.7
17.3
31.8
42.8
37.3
37.7
30.4
40.0
35.2
31.6
31.6
41.0
36.3
21.9
Zn
Variety
NS
Foliar Spray
2.3
Interactions
NS

Four foliar application of 0.5% each of Zn and
Fe separately at different growth stages
While absorption of Zn from nutrient
solution was more efficient than from soil,
foliar application of Zn was even more
effective than application to the root
environment in providing Zn for transport
to soybean grains, indicating that foliar
spraying with Zn in field-grown crops can be
effective in increasing Zn concentration in
grains. Dhaliwal et al. (2009) reported
increase in Zn content in different varieties of
wheat varied from 17.3 to 38.8% whereas
increase the Fe content in different varieties of
wheat varied from 13.1 to 30.1 %, when Zn
and Fe were applied foliarly for four times at
0.5 % each at different growth stages (Table
6). Foliar sprays with ZnSO4 or FeSO4
generally increase crop yields considerably
more than Zn or Fe concentration in grain
(Gupta 1991).
Seed treatment
Seeds of cereal crops can be very
well treated with different sources of
micronutrients before sowing in order to
increase their content in harvested grains.
Seed treatment with micronutrients is gaining
momentum in recent times in research
programs.
Yilmaz et al. (1997) observed
that soil + foliar application of zinc registered
maximum Zn concentration in wheat grain;
while similar increase in Zn concentration of
whole shoot of wheat was found under seed +
foliar application. Harris et al. (2008) also
observed significant enhancement in yield, Zn
content and its uptake by wheat due to seed
treatment with 0.3% Zn solution over no seed
treatment (Table 7).
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Fe Content (µg/g)
- Fe
+ Fe
Mean
% increase
36.6
47.7
42.2
30.3
38.1
45.6
41.8
19.7
40.8
50.9
45.8
24.8
38.9
47.9
43.4
23.1
42.1
47.6
44.8
13.1
39.3
47.9
43.6
21.9
Fe
Variety
NS
Foliar Spray
2.3
Interactions
NS

Table 7. Response of priming seeds with
solution of Zinc Sulphate on
grain yield, content and uptake
of zinc in wheat.
Crop grain

Yield (t/ha)
Zn Content
(mg/kg)
Zn uptake
(g/ha)

Seed treatment
Non
Primed
primed with Zn
2.52
2.86

LSD

0.123

27.8

31.1

1.88

70.0

88.7

7.44

Organic matter
Soil organic matter amendments
influence the availability of micronutrients to
plants. With Fe, which is largely present as
insoluble Fe (III) oxides, organic matter can
increase its solubility through the effect on the
soil redox potential. Fulvic acid formed during
organic
matter
decomposition
and
siderophores
that
are
produced
by
microorganisms will also help to increase Fe
solubility and its availability to plants. On the
other hand, metals such as Cu and Ni are
tightly bound by soil organic matter and
become less available in organic-matteramended soils. Sharma and Shambhavi
(2008) found that application of vermicompost
-1
@ 12.5 t ha gave significantly higher Fe, Mn
and Zn content in soil. They also reported that
Fe and Mn content in potato tuber were found
maximum under 100% NPK with FYM @ 25 t
-1
ha and 100% NPK with vermicompost @ 12.5
-1
t ha , respectively (Table 8).
Cropping systems and Crop rotations
Crop species will have differing
micronutrient density in grain when grown
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under similar conditions. In southern India, T.
aestivum grain had higher concentration of Zn
and Fe than grains of O. sativa and different
pulses. Different cultivars of T. aestivum and
Triticum turgidum durum grown in the field
experiment in South Australia differed in Fe
concentration from around 13 to 26 mg Fe/kg
grain (Graham and Welch 1996). However,
durum cultivars, which usually yield less than
bread T. aestivum lines, had the highest Fe
concentrations in grain.
Table8. Effect of organic manures and
chemical fertilizers on content of
micronutrients (mg kg-1) in potato
tuber
Treatments
Control
100% NPK
25 t FYM / ha
12.5 t Vermicompost / ha
75 % NPK + 25 t FYM / ha
75 % NPK + 12.5 t
Vermicompost / ha
100% NPK + 25 t FYM / ha
100% NPK + 12.5 t
Vermicompost / ha
C.D. (P=0.05)

Fe
83.2
100.9
98.5
102.1
142.5
148.7

Mn
34.9
41.7
39.9
38.4
43.3
44.9

174.2
169.0

49.7
52.9

16.2

6.0

The beneficial effects of crop rotation
include improved soil chemical and physical
fertility, reduced weed infestations and fewer
diseases. Karlen et al. (1994) concluded that
crop rotation and cover crops may increase
the availability of Fe, Cu and Zn. In the ricewheat rotation, use of farmyard manure and
green manure maintained the available
fraction of soil micronutrients (Fe, Zn, Cu, and
Mn) compared to the same rotation fertilized
with inorganic fertilizers alone (Kumar and
Yadav 1995). Crop notations appropriate for a
particular region and climate may have
numerous advantages in terms of increasing
availability of micronutrients or utilizing
selectively different soil micronutrient pools.
CONCLUSIONS
Agronomic biofortification is of great
importance in enriching seeds with trace
elements. Due to some degree of uncertainty
whether the breeding strategy will be
efficacious in enriching grains with trace
elements, the short-term agricultural tools like
applying Zn fertilizers should be considered. In
the target countries with high incidence of Zn
deficiency, fertilizer strategy should be applied
nationwide as a quick solution to the Zn
deficiency problem in human populations. For
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the long-term, agronomic biofortification is a
complementary approach to breeding strategy
and is likely to be required for ensuring
success of breeding efforts.
The literature reveals that various
agricultural measures (soil or foliarly applied
fertilizers, biofertilizers, soil amendments, crop
and cultivar selection, rotations, etc.) may
increase micronutrient concentration in grain,
depending on soil type, crop and other factors.
Such a finding may necessitate development
of specific agricultural measures for a
particular crop-soil-micronutrient combination
that will be effective in
increasing
concentration of a particular micronutrient in
grain.
For Zn, soil application of ZnSO4
seems to be a cheap and effective method not
only of increasing yields but grain Zn
concentration as well. For Fe, foliar fertilization
with FeSO4 may be the only fertilizer option.
There are, however, two concerns: (1)
increased levels of Zn fertilization beyond a
certain critical point caused vegetative and
grain yield decline because of Zn toxicity; and
(2) applying heavy metals to agricultural
environments in increasing amount should be
viewed with some concern. Similarly,
increasing Fe fertilization initially increased
crops yield followed by a decline as amounts
of Fe fertilizer continued to increase. A
nationwide
program
of
micronutrients
fertilization could be highly successful in both
increasing their concentration in food crops
and improving daily intake trace elements in
the population to targeted levels besides
increase in crop yield.
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Introduction:
Tillage is the agricultural preparation
of the soil by agitation of various types, such
as digging, stirring, and overturning through
manual, draft-animal or mechanical powered
means. It is often classified into two types,
primary and secondary. Primary tillage
loosens the soil and mixes in fertilizer and/or
plant material, resulting in soil with a rough
texture. Secondary tillage produces finer soil
and sometimes shapes the rows, preparing
the seed bed. Harrowing and rototilling often
combine primary and secondary tillage into
one operation. Tillage system could be
grouped in to intensive, reduced and
conservation tillage based on residue cover
on soil surface and intensity of soil
disturbances.
Conservation tillage has developed to
a technically viable, sustainable and economic
alternative to current crop production
practices. While conventional tillage systems
have resulted in soil degradation and in
extreme cases desertification, the adoption of
the conservation tillage technology has led to
a reversion of this process. Soil erosion has
come to a halt, organic matter content, soil
biological processes and soil fertility have
been enhanced, soil moisture has been better
conserved and yields have increased with
time, while more weedicides required because
of more weed problems in initial years under
conservation tillage system.
Conference in West Lafayette,
Indiana, Conservation Tillage (CT) is
understood as tillage practices specifically
intended to reduce soil disturbance during
seedbed preparation with the objective of
improving soil organic matter, structure &
stability, and conserving soil moisture.
Therefore, conservation tillage is basically any
system of cultivation that reduces soil or water
losses when compared to conventional
moldboard plowing, which turns over the soil
completely. Most definitions specify that at
least 30% of the crop residue must remain on
the soil surface at the time of planting. It is
designed to conserve soil, water, energy, and
protect water and environmental quality.
Conservation tillage systems comprise a
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

variety of techniques, including no-till,
minimum till, ridge till, chisel plow, mulch till
etc.
Conservation tillage systems can be
key component of a sustainable agricultural
system, as it can be used to decrease soil
erosion losses enhance input use efficiency,
increases soil organic matter buildup, reduce
the cost of production and environmental
degradation. It is important to remember that
anything that is done to decrease soil erosion
losses also reduces the need to add fertilizer
and water to soils with fact that most of
organic matter content present in top soil.
Conservation tillage also, ideally, decreases
water pollution (less soil erosion) and saves
fossil fuel energy and thus decreases CO2
emissions and cost of production compared to
conventional tillage systems.
No-tillage
No-till farming a technique of
conservation tillage, synonymously called as
zero tillage or direct planting or pasture
cropping, is a way of growing crops from year
to year without disturbing the soil through
tillage. No-tillage system has developed to a
technically viable, sustainable and economic
alternative to current crop production
practices. It has carbon sequestration
potential through storage of soil organic
matter in the soil of crop fields (Bayer, et al.,
2006). Under conventional tillage soil layers
invert, air mixes in, and soil microbial activity
dramatically increases over baseline levels
which resulted in faster oxidation and breaking
of organic matter and carbon is lost from the
soil into the atmosphere. In addition to
keeping carbon in the soil, no-till farming
reduces nitrous oxide (potential GHG that
stays in the atmosphere for 120 years)
emissions by 40-70%, depending on rotation
(Omonode, et al., 2011).
Minimum tillage
Minimum tillage is also a technique of
conservation tillage system like strip till with
the goal of minimum soil manipulation
necessary for a successful crop production. It
is a tillage method that does not turn the soil
over, reduces the evaporative loss of water,
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enhances the water holding capacity and
conditioned the soil temperature based on
surface residue. It is contrary to intensive
tillage, which changes the soil structure by
plough.

Crop Strip

Surface Residue

Chisel plow:
Chisel plowing is a conservation
tillage technique that fractures the plow layer
with a minimum amount of incorporation of
surface residue. Most chisel systems provide
tillage to a depth of approximately 20 cm
which is the same depth to which most of the
moldboard plows is designed to till; thus,
depth of tillage usually does not differ greatly
between the two systems. For maximum
effectiveness, the soil must be relatively dry at
the time of chisel plowing, because, a chisel
plow system leaves residue near the soil
surface, it can help to prevent the formation of
surface crusts, thereby improving water
infiltration.

Ridge tillage or Raised bed planting
In this conservation tillage technique,
equipment is used to move soil so the crop
row is slightly elevated. This system is usually
used on soils that may drain poorly or warm
slowly in the spring. The rows are maintained
in the same location each season and at
planting the top of the ridge are leveled off.
Planting on these ridges provides warmer
conditions for early plant growth. In most
cases, the residue on the soil surface between
ridges is not disturbed and provides for
moisture conservation during the season.
Furrow irrigated raised bed (FIRB) is also a
ridge tillage technique popularizing in IndoGangatic Plan (IGP) for maize based cropping
systems though it is a common practice in
many of western countries (Gupta et al.;
2002). The use of raised beds for the
production of irrigated non-rice crops was
pioneered in the heavy clay soils of the
rice growing region in Australia in the late
seventies (Maynard 1991), and for irrigated
wheat in the R-W areas of the IGP during the
nineties, inspired by the success of beds
for maize-wheat systems in Mexico (Sayre
and Hobbs 2004).
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Mulch tillage
Mulch tillage also called stubble mulch
tillage is the practice of managing the amount,
orientation and distribution of high percentage
of plant residues on the soil surface
throughout the year. Mulch tillage technique
prevents the soil erosion (more effective for
wind erosion), reduces soil compaction,
improves soil tilth & air quality, adds organic
matter to the soil protects water quality and
save time & money.
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Why conservation tillage?
As we know that soil is being tilled
for seed bed preparation and planting of
crops since ancient times. But under changing
scenarios traditional tillage practices are
not been sustainable and requires other
options for sowing the seed and sustain the
soil health, and substitute is the conservation
tillage techniques as it:
a) Conserves soil health:
With conventional tillage (turning over
of the soil), the bare soil is exposed to the
erosive action of water & winds, which, in
many areas is the major route of soil loss.
Under conservation tillage, the crop residue
buffers the raindrops' energy, so water has
less erosive force when it reaches the soil.
This protection by residue, along with the
rougher surface provided by the residue
facilitates infiltration and decreases runoff that
carries soil and nutrients with it. In addition,
macro-pores, which are the major route for
water movement through soil, get disrupted in
the surface layer (0-20 cm) by conventional
tillage, but remain intact under conservation
tillage hence, enhances
water infiltration
and decreases runoff and conserve water and
fertilizers. Schertz
(1994) observed that
amount of soil loss through water erosion was
directly regulated by residue retained on the
soil surface (Table 1).
Table 1: Relationship between residue
cover & surface soil erosion by
water
Surface
covered by
residue (%)

Reduction in soil
Erosion (%)

10

30

30

65

50

83

70

91

An important benefit of no-till
production system is greater soil organic
matter concentrations, especially near the soil
surface (Dick, 1983 and Lal, et al., 1980). It
was observed by Hargrove and Frye (1987)
that soil organic matter accumulation is
significant with no-till management, and the
degree of accumulation depends largely on
the
amount
of organic C returned to the
soil (Table 2).
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Table 2: Influence of cropping sequences
and tillage practice on soil
organic C & N concentrations in
the surface of soil
Crop
Sequence

Tillage
Practice

Organic
Carbon
(%)

Organic
Nitrogen
(%)

WheatSoybean

Conventio
nal

1.4

0.12

WheatSoybean

No-till

1.6

0.15

CloverSorghum

Conventio
nal

1.9

0.14

CloverSorghum

No-till

2.2

0.17

Continuous no-till can increase
organic matter in the top (5.0 cm) soil about
0.1% each year and also reduces soil
compaction. Crop residues can be burn,
removed, incorporated (conventional system)
of retained on soil surface (conservation
tillage system) affect soil health in different
manners. It was observed in an experiment of
sugarcane for three successive years that
trash retained as mulch improved the soil
organic carbon, available nitrogen &
-1
phosphorus by 0.13%, 37 & 10 kg.ha , while,
trash burning reduces the above content by
-1
0.02%, 15 & 16 kg.ha , and incorporation of
trash increases substantial amount of organic
carbon content in top 15 cm soil (Bhatnagar et
al, 1983). Potential agronomic advantages of
ridge or bed planting include improved soil
structure due to reduced compaction through
controlled trafficking, and reduced waterlogging and timelier machinery operations due
to better surface drainage.
b) Conserves water resources
Crop residue helps to hold soil along
with associated nutrients and pesticides on
the field to reduce runoff into surface water. It
was noticed that conservation tillage has
protected water quality as typical runoff water
contains sediment, dissolved nutrients, and
pesticides. If water runoff is decreased with
conservation tillage these will also decrease. It
has been reported that there was actually less
leaching of pesticides to groundwater under
no till than compare to conventional tillage
may be due to increased organic matter in the
soil under no-till enhanced microbial
populations that live in carbon-rich soils
enhanced degradation of pesticides and
utilize nutrients to protect groundwater
quality which in fact cut herbicide runoff rates
by half.
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c) Protects environmental quality
Crop residue left on the surface
improves air quality as it reduces wind
erosion, thus reduces the amount of dust in
the air; reduces fossil fuel emissions from
tractors as primary and secondary tillage
operations are eliminated; and reduces the
release of carbon dioxide into the atmosphere
by tying up more carbon in organic matter. In
addition, the use of a legume cover crop to
replace some of the fertilizer-N requirement
along with no-till management could
reduce the total fossil fuel requirement by as
much as 27% and this would have both
a significant economic and environmental
impact.

Particular
Time
required
-1
(h.ha )
Fuel
used
(l.ha-1)
Operati
onal
energy
-1
(MJ.ha )
Cost of
operation
-1
(Rs.ha )

Strip
tillage

Rotary
-tilldrill

Conv.
Tillage

3.23
4.17
(70.15) (61.46)

3.45
(68.1)

10.82

11.30
17.80
(67.36) (49.45)

13.80
(60.14)

34.62

Notillage

648.96 1001.76 783.60
(67.16) (49.31) (60.34)

1976.11

639.54 979.95
(66.39) (48.50)

1903.04

807.30
(57.58)

d) Reduces cost of production

Values in parenthesis shows % saving over
conventional.

Tillage practices contribute greatly to
the labour cost in any crop production system
resulting lower economic returns while,
conservation tillage reduces the working hours
of machineries and labour resulted in direct
saving of cost of fuel, machinery maintenance
and labour costs (Labios, et al.; 1999 and Jat,
et al.; 2005). It becomes more vulnerable in
present scenarios of hiking prices of
manpower, diesel, machinery and its parts
day by day.

Conclusions

Comparisons
practices

References

among

different

tillage

Rice-Wheat Consortium for IndoGangatic was formulated to promote resource
conserving technologies such as, zero-tillage,
furrow irrigated bed planting system (FIRBS),
surface seeding, laser land leveler, nutrient
and
water
management,
residue
management, alternative to rice-wheat
cropping system in relation to conservation
tillage technologies. Zero-tilled drills, strip till
drills, rotary till drill were used for direct drilling
of wheat after paddy and their performance
was compared with conventional tillage
system. In these drills inverted “T- type”
furrow
openers
were
used.
Results
(Table 3) showed that in No-till plots,
fuel consumption was found to be 11.30
-1
compared to 34.62 L.ha-1 by
L.ha
conventional method resulting in fuel saving
-1
of 24 l.ha . There was 67 % saving in fuel
due to no-tillage as compared to conventional
method (Rautray, 2003)
Table 3: Comparison of different tillage
equipment used for sowing
wheat after Rice
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Conservation tillage techniques have
reduced soil & nutrients losses, water
run-off from fields which maintain soil
productivity
and
minimize
off-site
environmental damage and cost of production
as compared to conventional tillage. It also
improves soil biological& reduces the soil
compaction and dependence on fossil fuel
energy.
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SOIL AND ENVIRONMENTAL POLLUTION : CAUSES AND
REMEDIAL MEASURES
B.L. Sharma
Principal Scientist
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
India is predominantly a agrarian
country with about 74.5 per cent of its more
then 1 billion peoples living a villages and
about 66 per cent depending upon agriculture.
The net sown area (142 M ha) and gross
cropped area (187 M ha) in the country
accounts for 43.1 and 56.88% of its total
geographical area during 1995-96. The 13390
M ha of the geographical are of world India
occupies 329 M ha i.e. about 2.5 percent.
India like any other developing counties has
made rapid strides in the production
productivity of major crops. The untiring efforts
of agricultural scientist, farmers, policy makers
and input agencies helped in changes the
basket case image of the country widely
prevalent at the time of independence to that
of reasonable surplus and export.
Intensive agriculture which implies
harnessing of soil and water resources,
genetic potential of plant and other inputs in a
large measure that has taken firm roots in the
irrigated areas of India has no doubt
succeeded in getting the country out of the
food trap. Intensive agriculture practiced with
advent of new fertilizer and management,
responsive varieties, irrigation, indiscriminate
use of chemical fertilizer, pesticides and other
plant protection measures have caused
irreparable damage to soil, water and air.
Causes of soil pollution
Following are the causes of soil pollution.


Use of pesticide in agriculture




Use of fertilizer in agriculture
Depletion of basic resources (soil
resources)



Use of water for irrigation

Use of pesticide in agriculture
The total quantity of pesticides used
in the country during 1950-51 was only 2350
tonnes and this rose to 75890 tonnes by
1988-89 presently the production base for
pesticides has been enlarged with an installed
capacity of 108000 tonnes. There are 400
pesticide units manufacture basic pesticides.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

The annual growth rate in pesticide
consumption is around 2.5 per cent and a total
of 134 pesticides have been registered for use
in India. Inspit of these significant
development in the pesticide industry the per
ha use of pesticide in the country is hardly
-1
0.03 kg ha which is for less than the
-1
consumption of more than 9 kg ha in USA
-1
and 10-12 kg ha in Japan (Tomar & Parmar,
1993) but the problem of pesticide use has
assumed serious proportions because of the
non uniform use of plant protection chemicals
in different regions, cropping system and in
discriminate use of these chemicals. There is
a mismatch between pesticide use and
cropped area. Cotton, rice, fruits and
vegetables which accounts for less than 35
per cent of the cropped area, consumes 84
per cent of the pesticides. On the other
extreme wheat coarse cereals millets, pulses
contributing to 54 per cent of the cropped area
consume only 3 per cent of pesticides used
(Table 1).
Table 1: Pesticides usage on different
crops in India
Crop

Pesticide
used (%)
54
17
13

Cotton
Rice
Vegetables and
fruits
Plantation crops
8
Sugarcane
3
Oilseeds
2
Others (wheat,
3
cereals, millets
and pulses)
Total
100
Source : Gupta (1986)

Cropped
area (%)
5
24
3
2
2
10
54

100

It is evident from table 2 that the
regional disparities in pesticide use are also
exist. Andhra Pradesh which accounts for 7.0
per cent of the gross cultivated area
consumed 17.9 per cent of the total pesticides
used. Uttar Pradesh ranks second in pesticide
consumption with an annual consumption of
8110 tonnes (13.25) but accounts for highest
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gross cropped area (13.8%), Kerala
consumed on 128 tonnes of pesticide which
constituents 2.1 per cent of total pesticide
used and having the least cropped area
(1.6%). In Madhya Pradesh gross cropped
area is 13.4 per cent but the pesticide use is
less i.e. only 2.9 per cent of total pesticide
used.
Table 2: Pesticides consumption in relation to
gross cultivated area in some Indian
states (1995-96)
State

Uttar
Pradesh
Madhya
Pradesh
Maharashtra
Rajasthan
Andhara
Pradesh
Karnataka
Gujarat
Bihar
Orissa
Punjab
Tamil
Nadu
Haryana
Kerala
Other
states
India

Pesticides
consumed
(excluding
herbicides)
ConsuPermption
cent(‘000
age
tonnes)
8.11 515.2

Gross
cultivated
area
‘000
ha

Percentage

25793

13.8

1.75

2.9

25040

13.4

5.10

8.3

21327

11.4

3.21
10.96

5.2
179

19672
13043

10.5
7.0

3.92
4.96
1.38
1.29
7.20
2.08

64
7.4
2.3
2.1
11.8
3.4

11958
10082
10019
9668
7752
6267

6.4
5.4
5.4
5.2
4.2
3.4

5.10
1.28
5.32

8.3
2.1
8.71

5974
3066
6900

3.2
1.6
9.1

1010 186561

100.0

61.26

Reactions of pesticides in soils
Weather pesticide are applied to soil
surface, plant foliage or incorporated to soils,
a high proportion of chemical move in to the
soils. These chemicals move in one or more
of six major directions.
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Vaporise into atmosphere without any
chemical change.
They may be absorbed by clay particles
or humus
They move downward thorough soils by
leaching
They may undergo chemical reaction
within the surface of soil
They may be broken down by the
microorganisms
They may be absorbed by the plant and
dectoxified within plant.
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Persistence of pesticides in soils
Persistence
depend
upon
the
solubility of the chemical and mobility of
pesticide in soils. The persistence period of
some of the pesticide is given below.
Pesticide Arsenic

Chlorinated hydrocarbon
insecticides e.g. DDT
Trazine herbicides e.g. aliazine,
simazine
Benzoic acid herbicides
Organo phosphate herbicides
(Malathian, diazinon etc.)
Carboamate insecticide
carboamate herbicides
Barbane

Persistence
period
indefinite
2-5 years
1-2 years
2-12 months
1-12 weeks
1-8 weeks
2-8 weeks

The mobility of the most of the
pesticide is less. Where the organic matter in
soil is poor and repeated use of pesticide is
done on such soils. The chemicals are bound
to accumulate for a longer time causing much
pollution to soil/environment and consequently
reduction of yield is observed.
Use of fertilizer in agriculture
In the year 1961-62 the consumption
of fertilizer was reported 0.34 million tonnes.
The per ha consumption of fertilizer was low
-1
as 0.6 kg ha during 1961-62 has now
increased to 25.15 million tonnes during year
2008-09. The increased use of fertilizer
beginning with the year 1971-72 coupled with
use of high yielding varieties of crops and
irrigation facilities was responsible for green
revolution lead to appreciable shift in
productivity and production of food grain. Due
to adoption of high analysis fertilizer
responsive varieties on large scale in irrigated
areas is one of the principal reason for
increased use of fertilizer. The data on
fertilizer use is given in table 3.
Table-3: Fertilizer production and consumption
in India (‘000 t)
Year

1961-62
1971-72
1981-82
1991-92
1992-93
1993-94
2001-02
2006-07
2007-08
2008-09
(P)

Consumption of fertiliser nutrients
(Million tonnes)
N
P
K
Total
0.25
0.06
0.03
0.34
1.80
0.56
0.30
2.66
4.07
1.32
0.68
6.07
8.05
3.32
1.36
12.73
8.43
2.84
0.88
12.15
8.79
2.67
0.91
12.37
11.31
4.38
1.67
17.36
13.77
5.54
2.33
21.65
14.42
5.51
2.64
22.57
15.22
6.57
3.36
25.15

Source: Satish Chander (2009)
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The fertilizer nutrient consumption of 800 to
-1
1000 kg ha is reported in Maharashtra and
Andhra Pradesh on grapes and 150-200 kg
ha-1 in states like Punjab and Haryana. The
excessive use of nitrogenous fertilizer urea is
a common practice due to its low cost and
high solubility which pollute the ground water
(Table 4).
Table 4 : Nitrate concentration in ground
water samples from tube wells
located in cultivated areas of
Punjab
Block

Dehlon
Ludiana
Sudhar
Kartarpur
Jandialaguru
Malerkotla

N-fert.
No.of
Application samples
-1
-1
(kg ha yr )
249
84
258
33
242
43
193
34
172
24

Mean
NO3
-1
mgL
18.0
13.8
17.4
12.1
18.3

18

Table 5: Nitrate concentrations in water
supplies of few cities in India

Meerit

Jaipur
Nagpur
Hyderabad

Soil erosion is one of the serious man
made disaster which is net perceived but
gradually emerging as a major threat to land
capability and productivity. Soil erosion occurs
due to the surface water flow, high wind
velocity, shifting cultivation and deforestation.
The consequences, are leading to gradual
desertification floods, silting up of reservoirs.
In India about 5334 m tonnes of precious top
soil is lost annually (Deo, 1995) out of total
loss 29% is lost in to sea (Table 6) 10 per cent
is deposited in reservoirs and 61%
transported from one place to another place.
Along with the eroded top soil the three major
plant nutrient are also lost ranging from 5.4 to
8.4 tonnes.

17.8

Some water samples collected from
different blocks of Punjab showed N fertilizer
application increased the nitrate content in
-1
ground water which varied from 12.1 mg L to
-1
18.3 mg L in Kartarpur and Jadialaguru
blocks while in some samples from churn
Rajasthan showed as high as 530 mg L-1
nitrate in water (Table 5).

Churu

Depletion of basic resource (soil)

Table 6 : Soil erosion estimates in India
151

Nitrate pollution in water has been
reported by Miran (1996) in Philippines

Place

from UV radiation and heating up the earth.
Due to excessive use of single nutrient
fertilizer imbalance of other nutrient may arise.

Highest nitrate Possible
conc.
nitrate source
Observed
-1
(mg L )
530
Geological
deposits
156
Fertilizers,
insanitary waste
disposal
180
Leaching from
septic tanks
77
Leaching from
septic tanks
78
Insanitary waste
disposal

Another hazard associated with
excessive use of fertilizer is gaseous losses of
nitrogen to atmosphere. These oxides of
nitrogen have been reported to adversely
affect the ozene layer which protect the earth
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Total sol loss
Transported from one
place to another
Deposited in the
reservoirs
Lost into the sea

Erosion
(Mt)
5334
3282

Per cent
100
61

480

10

1572

29

Source : Deb (1995)
Wind erosion is serious problem in
Rajasthan. Approximately 3.2 lakh km²
accounts for more than 60% of the area prone
to wind erosion is the state of Rajasthan
alone. Arial zone prone to wind erosion is
distributed in Gujarat (20%) Punjab and
Haryana (9%) Andhra Pradesh and Karnataka
(10%).
Shifting cultivation in tribal area
continued to be practiced in many part of the
country. The land affected by shifting
cultivation is about 4.91 Mha (Subba Rao,
1999).
Use of water resource as irrigation
Five year development plan bring
more
area
under
irrigation
through
construction of major and medium irrigation
projects. The area under irrigation increased
from 22.8 mha during 1955-56 to 53.5 mha in
1995-96. About 8.5 Mha of land in India is
under water logging.The soils of Krishna and
Godavari delta of Andhra Pradesh (1.1 Mha)
suffer from poor drainage condition affecting
the productivity of crops. Studies indicated
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that productivity and soil health can be
improved by providing sub surface drainage.
In the humid areas the irrigation benefits are
doubtful and in some case it is even worse
where the canal irrigation is available and
soils have low permeability as has happened
in Tawa Barna and to some extent in Chambal
command area of Madhya Pradesh. Higher
water tables have many adverse effect. The
soil of the area under high water table may be
saline and the productivity of land will be
reduced.

content of chromium in cement dust of
coromendel plant was as high as 2006.0 ppm
while in other cement plant the chromium
varied from 133.4 to 203.1 ppm (Table 7).
Table 7: Pollutant elements in cement dust
from Nalgonda district
Cement plant
Coromendel

Chromium
(ppm)

Nickel
(ppm)

2,006.0

42.6

Industries

Hemadri

155.6

37.0

Air born emission from various
industries are a cause of major pollution
enlarging soils and environment. These
emission are of two type.

Kakatiya

203.1

41.3

Ramco

133.4

25.1

Mean

173.1

36.5

(1) solid particle (2) gaseous emission
like SO2, No2, CO2 etc). The liquid effluents
contains organic and toxic pollutant also
damaging the soils crops and drinking water
and irrigation water.
There are 1551 industries in county
out of which 166 were identified as the highly
pollutant industries and not having adequate
facility comply with the safety standards.
Thermal, fertilizer, sugar pulp and paper
industries are the major defaulters in
complying with the norms of liquid effluents.
Heavy
metal pollution has been reported in
red soil areas surrounding industrial belt
(Rarendra Prasad et al., 1985)

It is indent from table 8 that the
germination of various crop grown on polluted
soils or irrigated with polluted water is affected
when the rice crop was irrigated with waste
water the germination reduced to 47% in
comparison to 100% with control. While the
germination of maize in polluted soil was only
48% over control (100%).
The gaseous emission is also
polluting the soil and environment. When SO2
and NO3 emission are more than the
industries these can make the soil acidic
which may converts to less productive land.

Table 8 :

Effect of effluents, waste waters, polluted waters and polluted soils on the
germination and dry matter yields of crops.
Foxtail
Rice
Maize
Green
Sorghum
millet
gram
Effluents and waste waters
Germination (%)
47
69
76
67
80
Control
100
100
100
98
100
Dry matter yield (mg dish-1)
29
320
357
95
16
Control
250
770
780
380
35
Polluted well waters
Germination (%)
91
90
94
80
96
Control
100
100
100
98
100
Dry matter yield (mg dish-1)
168
637
647
298
22
Control
250
770
780
280
35
Polluted soils
Germination (%)
95
48
88
73
94
Control
100
95
100
100
100
-1
Dry matter yield (mg dish )
292
670
572
366
30
Control
380
1310
860
540
60
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Significant reduction in grain yields of wheat
was reported by Bansal et al. (1992) in soils
irrigated with industrial waste water for five
years.
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4. In order to control the salinity, judicious
use of irrigation be done, organic
manuring and gypsum application. Liming,
afforestation and balance use of fertilizer
be acidic soil.
5. Soil fertility detoriation may be checked by
proper soil health care, IPM, INM organic
farming and proper crop rotation.
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ABSTRACT
In India about 700 million tones of
organic waste is generated annually apart
from goatry, pigry farms. These are a
growing realization that the sustainable
farming practice can only reverse the
declining trend in the global productivity
as well as environmental protection.
Keeping the above points in view the
present study was carried out to assess
the potential of earthworms to convert
various animal excreta into vermicompost
under different partial decomposition
period. The experiment was conducted at
Live Stock farm JNKVV, Jabalpur. A total
fifteen treatment combinations including
five animal excreta ((Cow, buffalo, goat,
horse and pig excreta) and three partial
decomposition periods (20, 30 and 40 days)
were tried in a RBD design with three
replication. Results of study reveal that the pig
excreta loosed the maximum weight of
24.11% where as it was lowest in goat
excreta. Moreover the significantly lower
duration (42 days) taken up by the pig and
cow excreta followed by buffalo (43 days).
The maximum rate of conversion 192.77
g/day and recovery percent of 68.11 % were
recorded under cow and horse dung,
respectively. Partial decomposition periods of
40 days recorded the maximum reduction of
dry weight of excreta .The increasing duration
of partial decomposition increased the rate of
conversion and recovery percentage. The
conversion of wastes into vermicompost
increased the content of macro and
micro nutrients. The pig excreta proved
significantly rich in N, P and K content in
vermicompost.
Key words: Animal excreta, Vermicompost,
Partial Decomposition periods.
Introduction
Environmental degradation is a major
threat confronting the world and the rampant
use of chemical fertilizers contributes largely
to the deterioration of the environment through
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

depletion of fossil fuels, generation of carbon
dioxide (CO2) and contamination of water
resources. It also leads loss of soil fertility due
to imbalance use of fertilizers that has
adversely affect agricultural productivity and
causes soil degradation. Now, there is a
growing realization that the adoption of
ecological and sustainable farming practice
can only reverse the declining trend in the
global productivity as well as environmental
protection (Wani et al., 1995.) On the other
hand, nearly 700 million tones of organic
waste is generated annually in India from
cities and rural areas, which is either burned
or land filled (Bhiday, 1994). Besides, large
quantity of animal waste also generated from
Dairy, Goatry, horse and Pigry farms. These
degradable organic wastes when dumped in a
open space undergoes either aerobic of
anaerobic degradation. These un-engineered
dumpsites permit fine organic matter to
become mixed with percolating water to from
leachate. The potential of this leachate to
pollute adjoining water and soil is high. India
where a lot of solid organic waste is available
in different sources with no dearth of
manpower, the environmentally acceptable
vermicomposting
technology
using
earthworms can very well be adopted for
converting waste into wealth. Considerable
work
has
been
carried
out
on
vermicomposting of various organic materials
and it has been established that detrtivorous
and surface dualler earthworms can hasten
the composting process to a significant extent
with production of a better quality of composts
as compared with those prepared through
traditional methods. The viability of using
earthworms as a treatment or management
technique for numerous animal waste streams
has been investigated by a number of works
(Singh, 2002).
Keeping the above points in view the
present study was carried out to assess the
potential of earthworms to convert various
animal excreta into vermicompost under
different partial decomposition periods.
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MATERIALS AND METHODS
Various live stock excreta such as
dung of cow, buffalo, excreta of goat, horse
and pig were collected from the Livestock
Farm, JNKVV, Jabalpur. Since collected fresh
excreta contain various proportions of
moisture, hence, to determine the dry matter
content, 100 gram sample were taken from
each excreta and allow to sun dry followed by
oven drying till get the constant weight. The
various animal excreta (Cow, buffalo, goat,
horse and pig) used in study contained 16, 15,
33.8, 27.4 and 25.8percent dry matter,
respectively. Based on the dry matter contents
for 12 kg of dry matter quantity of various
fresh wastes 75, 80, 33.5, 43.8 and 46.5 kg. of
Cow, buffalo, goat, horse and pig were used,
respectively.
The pots were filled with given
quantities of variousa excreta and allowed for
partial decomposition as per the treatments.
Partially
decomposed
substrata
were
inoculated with 250 g clitellate worms (Eisenia
fetida) and was replicated thrice. Observation
where recorded with respect to change in
temperature and pH of substrata during partial
decomposition and vermi stabilization after
release of earthworms, duration of complete
bio
conversion,
recovery
percent
of
vermicompost content of different nutrients in
partially decomposed matter and quantity of
vermicompost obtained.
Results and discussion
Changes in pH of various animal excreta
The range of pH reduced by allowing
all the five animal wastes under aerobic
decomposition for different days (Fig 2) The
initial pH of fresh cow, buffalo dung, goat
excreta, horse dung and pig excreta were
(6.78, 6.79, 7.43, 7.03 and 7.12) respectively,
which declined with the start of aerobic pre
decomposition process and reached to nearly
neutral limit in all excreta, except to goat
excreta after the aerobic decomposition for 20
days. Thus, it is a suitable condition to release
of earthworms in substrata after 20 days of
partial decomposition. However, pH of goat
excreta was in alkaline range at 20 days
periods of partial decomposition. Thus, 30
daays of partial decomposition was found
suitable for release of earth worms in goat
excreta. These results are also corroborated
the findings of Thang (2003) and Gupta
(2004).
Changes in temperature of various animal
excreta
Initial temperature of cow and buffalo
dung, goat excreta, horse dung and pig
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

excreta were (30.5, 31.8, 40.6, 30.9 and 30.4)
respectively, (Fig 2). Generally, the survival,
multiplication as well as activities of
earthworms are not appreciable due the rise
0
in temperature above to 25 C. Thus, a fresh
goat excreta seems to be unfit to release
earthworms for vermicomposting even after
40 days of aerobic decomposition.
It is further noted that temperature of
0
all substrata raised up to a limit (up to 40.6 C)
at 20 days after pre decomposition period in
0
goat excreta, while it was around 30 C in
cow, buffalo dung, horse dung and pig
excreta. Thus, earthworms would not able to
do well, if they are released for
vermicomposting after 20 days of partial
decomposition periods in almost in all
substrata due to high temperature. It was
further noted that temperature exhibited
declining trend in cow dung, buffalo, horse
dung and pig excreta. Hence, there would not
be much risk, if earthworms are released after
completion
of
20
days
of
partial
decomposition.
However
the
higher
0
temperature was recorded (More than 30 C)
in goat excreta after allowing them to partial
decomposition for 30 days or even 40 days,
through, the temperature showed declining
trend. Thus, the earthworm species Eisenia
fetiada (More tolerant to temperature
fluctuations)
could
be
released
for
vermicomposting after 40 days periods of
partial decomposition in goat excreta. Similar
results have been reported by several workers
(Pallaniappan and Annadurai, 2003: and Loh
et al., 2004).
Effect of animal excreta
From the Table 1 it is reveled that
when different animal excreta put in to the pot
and subjected to partial decomposition for
different durations as per treatments and it
was accepted by worms differently. The
worms enter into the substrata within 24 hours
after their release.
Further it was observed that after
partial decomposition, animal excreta lossed
their weight from 16.16 to 24.11 percent. The
maximum percent reduction in weight
(24.11%) was recorded in pig excreta where
as, least reduction was in goat excreta. More
over, different type of excreta took 42 to 75
days to complete bioconversion into
vermicompost. The significantly lower duration
of 42, 42 and 43 days taken up by the excreta
of pig, cow, and buffalo, The goat excreta
require maximum duration of 75 days to
complete the process. On the other hand
significantly maximum rate of conversion
78

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


(192.77 g/day) and recovery percent of 68.11
% were recorded under cow and horse dung ,
respectively . However, it was at par to each
other except goat excreta and had only 76.83
g/day conversion rate and recovery of 17.57
percent.
Effect of Partial decomposition
Different
partial
decomposition
periods lossed the weight by 13.89, 23.18 and
27.38% with in 20, 30 and 40 days of partial
decomposition. The partial decomposition
period showed marked variation with respect
to complete bio conversion into vermicompost
and also off coated the rate of conversion and
recovery percentage. Increasing the duration,
required for conversion (rate g/day) and per
cent recovery with increasing the duration of
partial decomposition periods. The each
incremental period of partial decomposition of
ten days, reduced the 5 days in duration of
complete conversion.
Date presented in Table 2 clearly
indicate theat the content of nutrents
increases over preceeding stage of process.
The increase in contents of nitrogen and
phosphorus in vermicompost were just triple
over initial fresh excreta. However, content of
potassium was two tunes greater to the
content of initial level in fresh substrata.
Similarly , micronutrients such as Fe, Zn, Cu
and Mn also showed the enhancement in
content of these nutrients in each of the stage
of process. Amoung the animal excreta, pig
excreta proved to be the richest source for
nitrogen, Phousphorus ,Potassium iron copper
and mangnise but it was at par with horse
during for Zn and proved superior over dung
of bufflow, cow and goat excreta. Cow and
bufflow dung \found equally good.The lowest
content of nitrogen (1.1.) Cu (23ppm) and Mn
(293 ppm) were with vermicompost of horse
dung. Where as, phosphorus (0.66%) and
potassium (0.83%) was recorded under
buffalo dung.
Macro and Micro nutrient content in
vermicompost
The content of N, P, K, Zn, Cu, Fe,
and Mn was determined in fresh substrata,
partially decomposed matter under different
periods
and
in
finally
prepared
vermicomposts. It is obvious from the data
that fresh cow dung was rich in Fe content
while fresh pig excreta contained maximum
concentration of N, P, K, Zn, Cu and Mn
(Table 2). The chemical composition of feed
and fodder made available to these animals
and their digestive system may cause the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

variation in the nutrients. Similar findings were
reported by Meshram (2007)
Data (Table 2) clearly showed that the
content of N, P and K increased in partially
decomposed matter as well as in
vermicompost over the undecomposed fresh
substrata. The pig excreta proved significantly
rich in N, P and K content at the both the
stages (partially decomposed and finally
prepared vermicompost) closely followed by
goat excreta. The difference in content of
nitrogen, phosphorus and potassium in
various animal excreta and their product might
be attributed to the differences in chemical
composition of concentrates and roughes
used by animals as feed. The increase in
content of N, P and K in vermicompost over
and chemically break down in the gut of
earthworm due to the presence of micro-flora.
The muscular gizzard of
earthworm
accelerated the degree of polymerization of
humic substances which increased the nitrate
nitrogen (Cerarra, 1992). These findings are in
close conformity in the finding of Bohlenad
and Edward (1995).
The increase in phosphorus content in
vermicompost over partially decomposed
matter might be due to the the mineralization
and mobilization of phosphorus by bacterial
and faecal phosphate activity of earthworms.
Similar findings were reported by Edwords
and lofty (1972) and Garg et. al. (2006).
The increase in K content was
observed during partial decomposition over
parent material of animals excreta. This is
attributed to the break down of excreta due to
the attack of decomposer microbes, which
were proliferated in animal excreted matter
(Gangully et. al., 2004). The increase in
content of potassium in vermicompost over
partially decomposed matter might be due to
the grinding action of muscular gizzards and
further utilization of grinded matter by the
microbes as food brought out some chemical
changes, Which increased the content of
potassium (Bhat and Khanbhata, 1975).
These results are in conformity with the
findings of Suther (2006).
Data in relation to Fe content in
substrata after partial decomposition and
matured vermicompost stages are given in
Table 2. The animal excreta used for
vermicomposting varied for their Fe content.
Cow dung was the richest in Fe (457 ppm)
followed by Buffalo dung (449 ppm), pig
excreta (417ppm), horse dung (390ppm) and
goat excreta (281ppm). The Fe-content
remarkably increased in all substrata when
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they were subjected to partial decomposition
and finally to convert into vermi compost. The
values were quite higher over previous stage.
These animal excreta ranked in order of Pig
excreta >Cow dung> Buffalo dung > Horse
dung > Goat excreta at partial decomposition
and Pig excreta >Horse dung >Cow dung>
Buffalo dung > and Goat excreta in final
vermicomposts .
Other micronutrients viz. Zn, Cu and
Mn were fined different in fresh animal excreta
used for vermicomposting. Pig excreta proved
to be the richest in Zn (28 ppm) Cu (12 ppm)
Mn (122 ppm) followed by goat excreta (23,
10, 102 ppm). These nutrient content
increases markedly by allowing for partial
decomposition and subsequently release of
earthworms for converting into vermicompost.
The composition of Zn, Cu and Mn in
vermicompost of excreta Pig (68,29,315ppm),
Goat (57,27,302 ppm), Horse ( 68,23,293
ppm), Buffalo (60,26,298 ppm) and cow dung
(60,26,295 ppm) respectively.
The concentration of Fe, Zn, Cu and
Mn content increased at the end of partial
decomposition of all substrata over their
status in fresh substrata. The concentration of
these nutrients also corresponding increased
with the advance of period for partial
decomposition from 20-30 days. The
concentration of all these nutrients increased
in final product i. e. vermicompost. It is
remarkable that the vermicompost prepared
from different substrata showed increasing
trend of nutrient concentration due to
increasing periods of partial decomposition as
20, 30 and 40 days, but variations were
significantly were noted only between 20 and
40 days periods of partial decomposition. The
finding pertaining to chemical composition of
vermicompost prepared from various animal
wastes are with agreement to the several
works (Katyal,1993; Talashikar,1999; Manna
et al.2000; Khan, 1993 and Bell 2002.
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Table .1 Dry matter content reduction at different stages and conversion rate of different
excreta in to vermicompost
Treatments

Dry weight of
substrata (Kg)
(Preinculcation
decomposition)

Dry weight of
substrata (Kg)
(After Partial
decomposition)

Per-cent
reduction
in dry
weight

Duration of
complete
bioconversion
after worm
inoculation

Convers
ion rate
(g/day)

Recovery
percent
(%)

Cow dung

12

9.30

22.44

42

192.77

66.87

Buffalo dung

12

9.27

22.74

43

183.62

65.57

Goat excreta

12

10.06

16.16

75

76.82

47.57

Horse dung

12

9.36

21.96

47

177.26

60.77

Pig excreta

12

9.10

24.11

42

182.72

63.94

-

0.75

6.15

15.90

Animal
Excreta

CD at (5%)

Pre inculcation decomposition of substrata (Days)
20
30
40
CD at 5%

-

10.33

13.89

53.8

146.95

59.09

-

9.25

23.18

50.0

156.14

61.44

-

8.71

27.38

45.6

184.82

67.09

-

0.96

-

6.93

18.85

-
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Table 2. Content of N, P, K, Zn, Cu, Fe and Mn in partially decomposed matter and vermicompost
N (%)

P (%)

Treatment
Animal Excreta

Partialy
Vermi
Partialy
decompose compost decompos
ed
d
Cowdung
0.81
0.47
1.18
(0.43)
(0.33)
Buffalo dung
0.79
0.44
1.16
(0.41)
(0.32)
0.42
Goat excreta
0.72
1.20
(0.31)
(0.55)
Horse dung
0.63
0.38
1.10
(0.35)
(0.38)
Pig excreta
0.98
0.58
1.64
(0.49)
(0.39)
0.02
0.03
0.016
SEM +_
CD at 5%
0.06
0.09
0.049
Partial decomposition periods(Days)
20
0.68
1.05
0.35
30
0.77
1.27
0.46
40
0.90
1.44
0.55
0.037
0.036
0.031
SEM+_
CD at 5%
0.11
0.17
0.10

K (%)

Fe (ppm)

Zn (ppm)

Cu (ppm)

Mn (ppm)

Vermi
Partialy
Vermi
Partialy Vermico Partialy Vermico Partialy Vermicom Partialy Vermicompo
compost decompos compost decompos mpost decompo mpost decompos
post
decompose
st
ed
sed
ed
d
ed
0.53
0.85
670
38
19
285
0.69
729
60
26
295
(108)
(0.39)
(457)
(20)
(8)
0.51
667
34
18
283
0.66
0.83
725
60
26
298
(8)
(119)
(0.38)
(449)
(20)
297
21
40
597
0.68
302
27
57
691
0.99
0.76
(102)
(10)
(23)
(281)
(0.43)
0.66
619
39
15
280
0.69
0.97
780
68
23
293
(06)
(115)
(0.40)
(390)
(19)
0.88
713
47
24
305
0.88
1.02
825
68
29
315
(0.66)
(417)
(28)
(12)
(122)
0.026
0.009
0.012
16.18
21.20
1.08
2.31
0.39
0.58
1.81
2.58
0.08
0.029
0.036
48.60
63.68
3.24
6.95
1.17
1.75
5.43
7.74
0.62
0.74
0.83
0.049
0.14

0.52
0.64
0.74
0.062
0.186

0.71
0.98
1.09
0.074
0.23

630.0
658.6
671.0
5.93
17.79

718.20
753.80
763.00
6.81
20.43

31.20
41.20
45.80
2.93
8.79

56.40
63.80
70.60
3.37
11.19

15.40
18.80
22.80
1.11
3.33

20.60
27.20
30.80
2.09
6.27

278.60
290.20
301.20
2.15
6.46

286.40
302.80
312.60
2.95
8.85

Note : Figures in parenthesis are chemical composition of undecomposed excreta.
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Introduction
India is endowed with a wide variety
of agroclimatic conditions and enjoys an
enviable position in the horticultural map of
the world. Almost all types of horticultural
crops can be grown in one region or the other.
India is the second largest producer of both
fruits and vegetables. Total production of fruits
has been estimated at 74.8 million tonnes
from 6.3 million ha. Vegetables occupy an
area of 8.49 million ha with a production of
146.5 million tones during 2010-11.
Hi-tech horticulture is now widely employed
for the profitable commercial production of
horticultural products. Hi-tech horticultural
practices
include
Integrated
Pest
Management (IPM), Integrated Nutrient
management
(INM),
Plasticulture,
Greenhouse
Cultivation
or
Protected
Cultivation, Hydroponics, Microirrigation or
Drip irrigation, Fertigation, Precision Farming;
etc.
Integrated Pest Management (IPM)
Integrated Pest Management (IPM)
has become a widely practiced Hi-tech
horticulture practice now. Integrated Pest
Management in horticultural production is one
of the key requirements for promoting
sustainable agriculture and rural development.
Integrated Pest Management aims at a
judicious use of cultural, biological and
chemical control of pests and diseases.
Integrated Nutrient Management (INM)
Integrated
Nutrient
Management
(INM) also has become a widely practiced Hitech horticulture practice now. Integrated
Nutrient Management (INM) refers to
maintenance of soil fertility and plant nutrient
supply to an optimum level for sustaining the
desired crop productivity through optimization
of the benefits from all possible sources of
plant nutrients in an integrated manner.
Another important aspect of INM is the
enhancing of the fertilizer use efficiency (FUE)
by proper placement of fertilizer in close
proximity to the rhizosphere of the highest root
activity. Integrated Nutrient Management has
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become one of the common practices among
progressive horticulture producers today.
Plasticulture
Plasticulture has become a popular
hi-tech horticulture technology today. Plastics
have various applications in commercial
horticultural production. The practice of using
plastics for commercial horticultural production
is
termed
as
‘Plasticulture’.
Various
applications of plastics in horticulture include
Protected Cultivation (greenhouse structures;
high and low tunnels etc); Plastic Mulching,
and Plastic Lining. Plasticulture improves the
economic efficiency of production systems
and helps in efficient water and energy
management.
Plasticulture
reduces
temperature
fluctuations
and
moisture
fluctuations and also helps in controlling pest
and disease infestations. Plasticulture plays a
dominant role in precise irrigation and nutrient
applications by reducing wastage of water and
nutrients and by reducing soil erosion. Use of
plastics has proved beneficial to promote the
judicious utilization of natural resources like
soil, water, sunlight and temperature.
Greenhouse Cultivation
Greenhouse cultivation or protected
cultivation is now quite popular among
progressive horticultural producers. This hitech horticulture technology offers several
advantages over traditional production
techniques such as in greenhouse cultivation,
horticultural products mainly fruits, vegetables
and flowers can be produced under protected
cultivation even during their off-seasons.
Advantages of Green house are—
 Production of vegetable crops
 Production
of
off-season
flowers,
vegetables
 Production of Roses, Carnation, cutflowers etc.
 Plant propagation, raising of seedlings
 Primary and secondary hardening nursery
of Tissue cultured plant
 Growth / Production of rare plants, orchids
/ herbs, medicinal plant
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Hydroponics
Hydroponics,
another
hi-tech
horticulture technology offers great scope for
horticultural
producers
worldwide.
Hydroponics is also known as soilless
cultivation. Hydroponics helps producers grow
plants in nutrient solution, without using the
standard soil medium.
Micro-irrigation or Drip irrigation
Drip irrigation is now a widely used
irrigation practice worldwide. Drip irrigation
has many advantages over a standard
irrigational procedure. These advantages
include optimum utilization of irrigational
water, maximum water use efficiency by
supplying water within the root system of the
plants, and minimum evaporative loss of soil
moisture.
Fertigation
The practice of supplying plant
fertilizers and nutrients via irrigational water is
known as fertigation. Fertigation is usually
practiced with drip irrigation.
Precision farming
Precision farming is information and
technology based farm management system
to identify, analyze and manage variability
within fields for optimum profitability,
sustainability and protection of the land
resource. A fundamental component of
adopting the concept of precision farming in
practice is its ability to measure spatial
variation in soil factors and assessing the
influence on crop variability in order to apply
appropriate management strategies. Aspects
of precision farming encompass a broad array
of topics including variability of the soil
resource base, weather, plant genetics, crop
diversity, machinery performance and most
physical, chemical and biological inputs used
in crop production.
Protected cultivation
Vegetable and flower production is
significantly influenced by the seasonality and
weather conditions. The extent of their
production cause considerable fluctuations in
the prices and quality of vegetables. Striking a
balance between all-season availability of
vegetables and flowers with minimum
environmental impact, and still to remain
competitive, is a major challenge for the
implementation of modern technology of crop
production.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

The crop productivity is influenced by
the genetic characteristics of the cultivar,
growing environment and management
practices. The plant's environment can be
specified by five basic factors, namely, light,
temperature, relative humidity, carbon dioxide
and nutrients. The main purpose of protected
cultivation is to create a favourable
environment for the sustained growth of plant
so as to realize its maximum potential even in
adverse climatic conditions. Greenhouses,
rain shelters, plastic tunnels, mulches, insectproof net houses, shade nets etc. are used as
protective structures and means depending on
the requirements and cost-effectiveness.
Besides modifying the plant's environment,
these protective structures provide protection
against wind, rain and insects.
Protected cultivation is relevant to
growers in India who have marginal and small
land holdings, which helps them to produce
more crops each year from their land,
particularly during off-season when prices are
higher. However, growing vegetables and
flowers under protected conditions requires
comparatively high input cost and good
management practices, which have direct
bearing on the economic viability of the
production system. Even if the protective
structures are cost effective, proper planning,
management and attention to details are
needed to achieve maximum benefits.
1.
Designs
greenhouse

and

classification

of

Greenhouses are frames of inflated
structure covered with a transparent material
in which crops are grown under controlled
environment
conditions.
Greenhouse
cultivation as well as other modes of
controlled environment cultivation have been
evolved to create favorable micro-climates,
which favours the crop production could be
possible all through the year or part of the
year as required. Greenhouses and other
technologies for controlled environment plant
production are associated with the off-season
production of ornamentals and foods of high
value in cold climate areas where outdoor
production is not possible. The primary
environmental
parameter
traditionally
controlled is temperature, usually providing
heat to overcome extreme cold conditions.
However, environmental control can also
include cooling to mitigate excessive
temperatures, light control either shading or
adding supplemental light, carbon dioxide
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levels, relative humidity, water, plant nutrients
and pest control.
Classification of greenhouse based on
suitability and cost
a)

Low cost or low tech greenhouse

Low cost greenhouse is a simple
structure constructed with locally available
materials such as bamboo, timber etc. The
ultra violet (UV) film is used as cladding
materials. Unlike conventional or hi-tech
greenhouses, no specific control device for
regulating environmental parameters inside
the greenhouse are provided. Simple
techniques are, however, adopted for
increasing or decreasing the temperature and
humidity. Even light intensity can be reduced
by incorporating shading materials like nets.
The temperature can be reduced during
summer by opening the side walls. Such
structure is used as rain shelter for crop
cultivation. Otherwise, inside temperature is
increased when all sidewalls are covered with
plastic film. This type of greenhouse is mainly
suitable for cold climatic zone.
b) Medium-tech greenhouse
Greenhouse users prefers to have
manually
or
semiautomatic
control
arrangement owing to minimum investment.
This type of greenhouse is constructed using
galvanized iron (G.I) pipes. The canopy cover
is attached with structure with the help of
screws. Whole structure is firmly fixed with the
ground to withstand the disturbance against
wind. Exhaust fans with thermostat are
provided to control the temperature.
Evaporative cooling pads and misting
arrangements are also made to maintain a
favourable humidity inside the greenhouse. As
these system are semi-automatic, hence,
require a lot of attention and care, and it is
very difficult and cumbersome to maintain
uniform environment throughout the cropping
period. These greenhouses are suitable for
dry and composite climatic zones.
c) Hi-tech greenhouse
To overcome some of the difficulties in
medium-tech
greenhouse,
a
hi-tech
greenhouse where the entire device,
controlling the environment parameters, are
supported to function automatically.
Cost involved
1.

Less expensive greenhouse without fan
and pad Rs.300 to 500/m2
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2.

Medium cost greenhouse with pad and
fan
system Rs.800 to Rs.1100/m2
without automation

3.

Expensive greenhouses with fully
automatic
Rs.2000 to Rs.3500/
m2 control system

Other classifications
The greenhouse can also be
classified based on type of structures, type of
glazing, number of spans, environmental
control etc. The various types are as follows.
Classification as per type of structure
a. Quonset type
b. Curved roof type
c. Gable roof type
Classification as per glazing
a. Glass glazing
b. Fiberglass reinforced plastic glazing
i. Plain sheet
ii. Corrugated sheet
c. Plastic film
i. Ultra violet stabilized low density poly
ethylene
ii. Silpaulin
Classification based on number of spans
a. Free standing or single span
b. Multispan or ridge and furrow or gutter
connected
Poly house
The crops grown in open field are
exposed to vivid environmental conditions,
attack of insects and pests, whereas the
polyhouse
provides
a
more
stable
environment. Polyhouse can be divided in to
two types
a) Naturally ventilated polyhouse
These polyhouse do not have any
environmental control system except for the
provision of adequate ventilation and fogger
system to prevent basically the damage from
weather aberrations and other natural agents.
b) Environmental controlled polyhouse
This type of polyhouse helps to extend the
growing season or permits off-season
production by way of controlling light,
temperature, humidity, carbon-dioxide level
and nature of root medium.
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Comparison of different kinds of covering
materials
Sl. Type
No.
1.
Poly
ethylene
2.
Poly
ethylene
UV
resistant
3.
Fiber
Glass
4.
Tedlar
coated
Fiber Glass
5.
Double
strength
Glass
6.
Poly
carbonate

Durab
ility
One
year
Two
years

Transmission
Light
Heat
90%
70%
90%

70%

Mainte
nance
Very
high
High

Seven
years
Fifteen
years

90%

5%

Low

90%

5%

Low

Fifty
years

90%

5%

Low

Fifty
years

90%

5%

Very
low

Sometimes a shade tree can be an
advantage, providing some shade for the
greenhouse during the hot summer and letting
the sun in after losing its leaves in the fall.
The problem with overhanging trees is one of
falling branches that can damage your
greenhouse.
2. Accessibility

Selecting a Site for Your Greenhouse
Choosing the right site
greenhouse will not only determine
works as a greenhouse, but how
will enjoy it. There are several
consider in choosing your site.

for your
how well it
much you
factors to

1. Sunlight
If the greenhouse is going to be used
primarily for starting seeds and transplants or
plant propagation in the summer, place it in
partial shade to minimize heat buildup. You
can use a shade cloth to control the amount of
sunlight reaching the interior if a partially
shaded site is not available. If the greenhouse
will be used for growing in late fall and winter,
or growing plants to maturity, it will need
maximum exposure to the sun. It should
receive a minimum of 6 hours of direct
sunlight everyday. It is best to position the
greenhouse with the ends facing east and
west. This will provide more heat gain from
the sun during the winter and create less
shadowing in the greenhouse. If the southern
exposure is restricted, but open to the east,
southeast, southwest, or west, turn the
greenhouse to the winter sun. Remember the
difference in sun angles from summer to
winter (the sun is much lower in the winter).
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You want your greenhouse to be
easily used. A good site should be sheltered
from high winds and easily accessible from
your home and garden. Remember the need
to move soil, plants, fertilizer, and yourself to
and from the greenhouse. Access to utilities
such as electricity and water are important
requirements to remember also when
selecting your site.
3. Weather
Many regions have chronic weather
problems such as heavy rain, snow, and/or
strong winds. Heavy rains may cause
drainage problems in and around the
greenhouse. To avoid standing water, choose
a spot on high well-drained ground or install a
drainage system before the greenhouse is
erected. Snow is usually not a problem as
long as you provide adequate insulation and
heating. Strong winds can be a real problem.
In cold weather, winds blowing over a
greenhouse can drain it of its interior heat
escalating energy costs. Windbreaks are your
most effective weapon. A windbreak is an
obstacle that "breaks" up the force of the
wind. Trees, shrubs, fences, and other
structures can all be effective windbreaks.
Remember that a windbreak can also obstruct
light. Try to locate one where it will block the
least amount of light.
4. Ease of construction and maintenance
A level, well drained site will obviously be
easier to work with and maintain than a low,
swampy, or sloped area. It is also a good idea
to locate your greenhouse away from
children's play areas.
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Environmental
factors
greenhouse cultivation

influencing

Plants need an optimum temperature
for maximum yield and quality. The
greenhouses in plain and coastal region of
India needs cooling. The greenhouses in mild
climates and coastal region can be naturally
ventilated. The greenhouses for hot summer
climates of northern plains have to
evaporatively cooled or with fan and pad (FP).
The greenhouses for northern plains may
require both cooling and heating depending
on the crop.
Natural ventilation
The greenhouse has to be thoroughly
ventilated for control of temperature. It should
be noticed that the temperature built up in the
greenhouse is not exceeding 2° C throughout
the year. Further during hot months the
temperature in the greenhouse was same as
the ambient temperature.
Unconventional method of heating and
cooling
a) Hot and cold water can be sprinkled on
the greenhouse covered externally with
the shadenet
b) Use of earth tunnel for cooling in summer
and heating in winter
c) Construction of greenhouse in a trench for
heating in winter cooling in summer
d) Circulating the borewell water in pipes laid
on the floor of the greenhouse
Heating of greenhouse
The heating of greenhouses in cold
climates like winter in North India or
Himalayan Region at high altitudes is
advisable for getting better produce. Double
covering of glazing with an air cushion of 2 cm
to 10 cm reduces the heating load
considerably.
Heating systems
These can be of the following types
a. Boiler
1. With hot water tube
2. With steam pipes
b. Unit heaters
c. Infrared heaters
d. Solar heaters
Boiler
This system is used for very big
greenhouses and is a centralized system of
heating. The boiler of necessary capacity is
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provided in the greenhouse. The fuel for boiler
can be coal or fuel oil. The heating of the
greenhouse is generally done through hot
water at 85° C or steam at 102° C. Water or
steam pipes are installed above the beds of
crop and along the side wall. The steam
system is cheaper than hot water system. To
reduce the length of pipe to be used a number
of hot water or steam pipe coils can be used
and green house air circulated over them by
blower for heating.
Unit heaters
These are localized system of heating
and a number of unit heaters are to be
provided in the greenhouse at a height of
about 3 meter to distribute heat evenly in the
greenhouse. In a unit heater the fuel is
combusted in the chamber at bottom. Hot
fumes rise inside the heat exchanger tubes,
giving heat to the walls of the tubes. Smoke
exists at the top. A fan forces cool air of the
greenhouse over the outside of heat
exchange tubes, where it picks up heat.
Infra-red heaters
The fuel gas (LPG) is burnt and the
fumes at a temperature of about 480° C are
passed in 10 cm diameter pipes kept
overhead at a height of 1.5m above plants.
Reflectors are provided over the full length of
pipe to radiate the infra red rays over the
plants. The plants and soil only get heated
without much heating of air. The infra red
heating pipes can be provided at 6 to 10
meters interval all along the length of
greenhouse. The temperature of fume gases
at exist is about 65° C and exhaust fan is
provided for maintaining the flow of fumes.
Solar heating
Flat plate solar heaters are used to
heat the water during day time. The hot water
is stored in the insulated tanks. The hot water
is circulated in pipes provided along the length
of
the
greenhouse
during
night.
Supplementary
or
emergency
heating
systems are provided for heating the
greenhouse during cloudy or rainy days.
Environmental control
Temperature control
The thermostat can be coupled to
water circulating pump or exhaust fan for
controlling the temperature inside the
greenhouse. However, the lowest achievable
temperature in fan and pad greenhouse is not
below the wet bulb temperature in any case.
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Relative humidity control

Design

The humidistat coupled to water
circulating pump or exhaust fan to control the
relative humidity inside the fan and pad
greenhouse. The maximum achievable
relative humidity is 90% only in fan regulated
(FR) greenhouse. The RH in Non ventilated
(NV) GH can be increased by providing
foggers.

The cross fluted cellulose pad is
preferred. These are available mostly in
100mm thickness. One meter of pad height is
given for every 20m of pad to fan distance.
How ever, the fan to pad distance should not
exceed 60m. The air flow rate should be of 75
cubic meter/minute/sq.m of pad. The water
flow rate should be of 9 litres per minute/linear
meter pad. The uniform distribution of water
on pad is to be maintained.

Light intensity control
In certain areas where natural
illumination is absent or very low, illumination
for plants may be provided by artificial
sources.
Incandescent
bulbs generate
excessive heat and are unsatisfactory in most
instances. Fluorescent tubes are useful as the
sole source of light for African violets,
gloxinias and many foliage plants which grow
satisfactorily at low light intensities. Excessive
light intensity destroys chlorophyll even
though the synthesis of this green pigment in
many plants is dependent upon light.
Chrysanthemum is a classic example for a
short-day plant., however, flower buds will not
form unless the night temperature is high
enough. Chrysanthemum is flowered on a
year-round basis as a cut flower or potted
plant simply by controlling the length of day
and temperature.
Quality of light
Quality of light refers to its wave-length
composition. Light in the orange-red portion of
the visible spectrum from either sunlight or
artificial illumination is most effective in
causing the long-day response in plants. Farred radiation appears to have the opposite
effect. It is probable that the wave lengths
activate some hormonal mechanism within the
plant which brings about the specific effect of
light on growth or flowering.
Fan and pad
Selection of fan
The fans should deliver the required
air at 15mm static pressure. The maximum
center to center spacing between the tow fans
should be of 7.5m. The height of the fans is to
be determined based on the plant height
which is proposed to be grown in the
greenhouse. The fan blades and frame are to
be made of non-corrosive materials like
aluminium/stainless steel.
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Maintenance of pad
The algae will grow and salts will
deposit on pads if these are not maintained
properly. Good control of algae can be
obtained without using chemicals by the
following
methods.
1. By shading the pads and sumps
2.

By drying the pads daily

3.

By avoiding nutrient contamination

4. By draining and disinfecting the sump
regularly
5. By replenishing 20% of circulating water
each time to avoid scaling of minerals.
Maintenance of fan
1. The lubrication of bearings should be done
regularly
2. The v belt should be tightened as per
requirement
3. The levers should be properly lubricated.
An exhaust fan ventilation system
usually consists of a fan setup to blow hot
stale air out of the greenhouse and bring fresh
cooler air inside the greenhouse via intake
shutters mounted on the opposite end of the
structure (Shown in picture). Plants require
fresh air year round which is why it is
important to have equipment with options like
louvered fans, motorized shutters, and
variable speed motors that will help prevent
heat loss when it is cold outside. An exhaust
fan system should be able to make a
complete change of air in 1 to 3 minutes
(about 1 minute or less for small greenhouses,
2 to 3 minutes is acceptable for large
commercial size greenhouses) in summer to
keep temperatures in the greenhouse at a
reasonable level. If you aren't sure what size
fan or shutters you need, use our Fan &
Shutter Size Calculator.
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Evaporative Cooler with Exhaust Shutters

Evaporative Cooler with Roof Vents
India has varied climatic conditions in
different regions, so the greenhouse and
thesupporting facilities have to be developed
accordingly. The southern plateau will have
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mildclimate and coastal regions need only
naturally ventilated polyhouses. The northern
plainswith extreme hot and cold climate need
the cooling and heating facilities. The local
climaticconditions play a major role in design
of the greenhouse structures and cladding
materials.Under mild and hot climates, single
film cladding of 200 micron thick UV stabilized
LDPE filmwill be sufficient, while for cold
climates inflated double layer of UV stabilized
LDPE film isrequired.The initial cost of the
greenhouse generally depends upon the cost
of structure, cladding andtemperature control
mechanism. The fan and pad greenhouses
are cooling type and aresuitable for high
temperature and low humidity (for northern
plains). Bur the operating costsare high due to
continuous running of exhaust fans and water
circulating pumps for coolingpads. The
centrally heated glasshouses are suitable for
northern hilly regions.In naturally ventilated
greenhouse, the temperature is maintained 1
to 3oC above ambientconditions due to wind
and thermal buoyancy and these do not need
any electric power formaintenance of
temperature and R.H. Under Indian conditions
naturally ventilatedgreenhouse are most
suitable due to low operating costs. These are
used in the climates ofSouthern Peninsula.
The naturally ventilated greenhouses are also
economical for cultivationin northern hilly
regions during summer.
The Plasticulture scheme, which was
launched during the VIII plan, apart form drip
irrigationhad a significant component of green
house cultivation. However, with the launching
of theNational Horticulture Mission (NHM)
during
2005-06,
aspects
relating
to
plasticultureapplications
including
green
house cultivation (hi-tech as well as normal)
are being coveredunder the Mission. An
amount of Rs. 190.00 crore has been
earmarked for plasticultureapplications during
the X Plan under the NHM. The Technology
Mission
on
IntegratedDevelopment
of
Horticulture in the North Eastern (TMNE)
States including Sikkim, HimachalPradesh,
Jammu & Kashmir and UttaraKhand also has
provision
for
promoting
plasticultureapplications in the Region.
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Introduction
Soil, a dynamic living matrix, is an
essential part of the terrestrial ecosystem. It is
a critical resource not only to agricultural
production and food security but also to the
maintenance of most life processes. Soils
contain enormous numbers of diverse living
organisms assembled in complex and varied
communities ranging from the myriad of
invisible microbes, bacteria and fungi to the
more
familiar
macro-fauna
such
as
earthworms and termites. The diversity in soils
is several times higher than that above ground
(Heywood, 1995) (Table 1). These diverse
microorganisms interact with one another and
with the plants and animals in the ecosystem
forming a complex system of biological
activity. Environmental factors, such as
temperature, moisture and acidity, as well as
anthropogenic
actions,
in
particular,
agricultural practices affect soil biological
communities and their functions to different
extents. Diversity of soil microorganisms has
emerged in the past decade as a key area of
concern for sustainable soil health and crop
production. Besides, the well-being and
prosperity of earth’s ecological balance, the
sustainability of agricultural production
systems directly depends on the extent and
status of microbial diversity of soil.

able to mate and produce offspring. Species
are the most useful units for biodiversity
research, and species diversity is the most
useful indicator of biodiversity. At its lowest
level, biodiversity depends on the sequences
of genes in living organisms. Genes are
composed of stretches of DNA, and these
sequences, along with the proteins encoded
by the genes, are almost identical to their
counterparts in other species. Thus, they are
said to be highly conserved across species,
and such commonalities (or even differences)
are referred to as genetic diversity. The
importance of genetic diversity is observed in
the combination of genes within an organism
(the genome), the variability in the proteins or
traits (phenotype) that they produce, and their
resilience, survival and function. Biodiversity
has three interrelated elements: genetic,
functional and taxonomic diversity (Fig 1).
Taxonomic diversity, i.e. the number of
species, is an important part of an
ecosystem’s diversity and this is controlled by
the genetic diversity, which may be greater
than the number of recognized species.
Several species may have the same
functions, resulting in diverse functions called
functional diversity. Biodiversity is, therefore
the interaction of all these elements.

Table 1. Important soil microorganisms,
their number and biomass in
cultivated soil
Group of
microorganism
Bacteria
Fungi
Actinomycetes
Algae

Average
population
-1
(g soil)
7

8

10 -10
105-106
106-107
103-104

Average
biomass
-1
(Kg ha )
500
1,000
750
150

Biodiversity
The term biodiversity refers to the
variability and richness of species in an
ecosystem. A species could broadly be
defined as a collection of populations that may
differ genetically from one another to a greater
or lesser degree, but whose individuals are
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Fig 1: Inter-related elements of soil
biodiversity
Methods of studying soil microbial
diversity
Microbial diversity is a general term
used to include genetic diversity, that is, the
amount and distribution of genetic information,
within microbial species. Microbial diversity
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generally includes the number of different
fungal and bacterial species (richness) and
their relative abundance (evenness) in soil
microflora. Equations used to calculate
species richness and evenness and diversity
indices, which combine both richness and
evenness, have been discussed by Kennedy
& Smith (1998). Microbial diversity is
measured by various techniques such as
traditional plate counting, direct counts as well
as the newer molecular-based procedures
and fatty acid analysis.
Plate and direct count: Traditionally,
microbial diversity assessed using selective
plating and direct viable counts. These
methods are fast, inexpensive and can
provide
information
on
the
active,
heterotrophic component of the population.
Limitations include the difficulty in dislodging
bacteria or spores from soil particles or
biofilms, growth medium selections and
growth conditions (temperature, pH, light). In
addition, plate growth favours those
microorganisms with fast growth rates and
those fungi that produce large numbers of
spores. It is well established that plate counts
estimate only 1–10% of the overall soil
microflora.
Direct counting of soil
microorganisms by fluorescence microscopy
is quick and easy, but it measures 100– 1000
times more than the numbers obtained by
plate counting Both these methods have
become less popular for microbial diversity
assessment, not only because a limited
number of microorganisms can be cultured
but also because the procedures are
laborious. As a consequence, molecular
techniques are now becoming popular
because they do not rely on isolation and
cultivation microorganisms (Johnsen et al.,
2001).
Molecular techniques: The molecular
techniques generally involve extraction of
nucleic acid, directly or indirectly, from soil.
They are independent of culture, and
according to their sensitivity can detect
species, genera, families or even higher
taxonomic groups. Low-resolution methods
include the analysis of base distribution (mole
percentage of guanine + cytosine) of DNA and
the determination of rates at which denatured
single-stranded DNA reassociates when
temperature is lowered below the DNA
melting point (Torsvik et al, 1996). These
techniques give an overall indication of
microbial diversity and can be used to monitor
over all changes in the composition of a
microbial community’s after stress or changes
in management. High-resolution analysis
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

allows the detection of microbial strains at the
species and subspecies level. They usually
give ‘fingerprints’ of non-coding DNA regions
or involve the sequencing of both coding and
non-coding regions. These techniques include
polymerase chain reaction (PCR) amplification
of sequences between repetitive elements,
ribosomal inter space analysis (RISA), which
is based on the length polymorphism of the
spacer region between 16S and 23 rRNA
genes (Borneman & Triplett, 1997), and
random amplified polymorphic DNA (RAPD
(Harry et al., 2001).
The success of molecular methods
depends on the efficient DNA extraction from
soil followed by a purification step. The DNA
can be extracted from soil by direct methods
of in situ lysis or by indirect methods of initial
cell extraction before lysis. Care is needed in
interpreting the composition because the
method of extraction can influence patterns
obtained by amplified ribosomal DNA
restriction analysis (ARDRA) or RISA (MartinLaurent et al., 2001). Denaturing gradient gel
electrophoresis (DGGE) or temperature
gradient gel electrophoresis (TGGE) are
mostly used for characterizing bacterial
communities
in
environments.
These
techniques allows the differentiatin of two
molecules differeing at the level of single
base. In addition to the simplicity and rapidity,
another advantage of DGGE or TGGE is that
the identity of bands can be investigated by
hybridization with specific probes or by
extraction and sequencing (Muyzer & Smalla,
1998). However, these techniques based on
PCR, such as DGGE and TGGE, have
several drawbacks. Amplification of PCR can
be inhibited if contaminants are not removed
by the purification process, and the
preferential or selective amplification. Only
the dominant populations are revealed, and
bands from more than one species may be
hidden behind a single band, resulting in an
underestimation of the bacterial diversity
(Heuer et al., 2001). The same isolate can
have different bands because multiple copies
of operon in a single species may occur
(Heuer et al., 2001). In addition, we must be
aware that the fingerprinting depends on the
primer used. The molecular techniques are
not as efficient for the assessment of fungal
diversity because the concentration of fungal
DNA is much less than that of bacterial DNA
and lack of specific primers.
Phospholipid fatty acid (PLFA) analysis:
This technique is based on the extraction,
fractionation, methylation and chromatography
of the phospholipid component of soil lipids.
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Phospholipids are thought to be related to the
viable component of soil microflora because
they are present as important components of
membranes of living cells and break down
rapidly when the cells die (Zelles, 1999). In
addition, they make up a fairly constant
proportion of the biomass of organisms.
Changes in the phospholipids profiles are
generally related to variation in the abundance
of microbial groups and can be interpreted by
reference to a database of pure cultures and
known biosynthetic pathways (Zelles, 1999).
However, direct extraction of PLFAs or whole
fatty acids from soil does not permit detection
at the species level and can be used to
estimate only gross changes in community
structure.
Microbial diversity in soil
A variety of microorganisms are
present in soil, though the space occupied by
living organisms is less than 5% of the total
space. Therefore, microorganisms remains
confined to the hot spots i.e. aggregates with
accumulated organic matter and rhizosphere.
9
Each gram of soil has approximately 10
8
bacterial cells, 10 culturable bacteria, 104
bacterial species, 105 actinomycete cells and
5
10 fungal propagules. Bacteria in soil have
varying mode of nutrition and can use sun
light or chemical energy source. They can
meet their carbon requirement from
atmospheric CO2 or organic compounds.
Some take their nutrition from native organic
matter (Autochthnous) or freshly added
organic matter (Zymogenous). The dominating
soil bateria includes many species of
Arthrobacter,
Pseudumonas,
Bacillus,
Xanthomonas,
Clostridium,
Azotobacter,
Rhizobium etc. The most dominating
actinomycetes in soil is Streptomyces,
Several genra of blue green algae , protozoa
and algae are present in soil. All the soil
microorganisms have great diversity in their
physiological activities and functions. On the
basis of temperature requirement, they are
themophillic, mesophillic and psychrophillic.
Some requires O2 for respiration (aerobic)
while others can survive in absence of O2.
The earlier taxonomic classification of soil
microorganisms is under process of
tremendous change which can be noticed that
root nodule rhizobia now has 36 species
distributed
among
seven
genera
(Allorhizobium,
Azorhizobium,
Bradyrhizobium,
Mesorhizobium,
Methlyorhizobium,
Rhizobium,
Sinorhizobium). Plants play an important role
in selecting and enriching the type of bacteria
by constituents of their root exudates. The
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

microbial community of wheat was studied
extensively in Indo Gangetic plain (Tilak et al.,
2005). It was observed that wheat genotype
did not appreciably influence the total bacterial
and pseudomonad populations. However,
population was marginally different in
rhizosphere
and
rhizoplane
fractions.
Brimecombe et al., (2001) also reported that
plants exert a strong influence on the
composition of microbial communities in soil
through rhizodeposition and the decay of litter
and roots. The link between plant species and
microbial communities in the rhizosphere soil
is strict, being the result of co-evolution. Tiedje
et al. (2001) suggested that competition in
microbial communities of surface soils with
prevalence of any microbial species was
absent because the various microbial species
inhabiting soil are spatially separated for most
of the time. They assumed that the contact
among microhabitats occur for a very short
time immediately after rain, when water
bridges are formed between the various soil
particles and aggregates. Rapid drainage
maintains the spatial isolation among the
various microhabitats of soil. However, it does
not take into account the mixing and transport
by soil fauna and the stability of communities
in biofilms at the interface between roots and
soil which are not so strongly affected by
wetting and drying. An alternative hypothesis
to explain the large microbial diversity of
surface soil is based on the presence of a
greater variety and content of organic
compounds than in deeper soil layers (Tiedje
et al., 2001). This supports the diverse
heterotroph-dominated microbial community in
surface soil.
Microbial diversity and soil functions
Relationship between biodiversity and
functions of terrestrial ecosystems is best
described by the hump-shaped curve, in
which there is an increase in plant production
(i.e. the function) with increasing biodiversity
until a certain point is reached; then a further
increase in biodiversity results in a decrease
in plant production. Stability of ecosystem is
another ecological concept and had strong
relationship with biodiversity. Stability is
defined as the property of an ecosystem to
withstand perturbations. Stability includes both
resilience (i.e. the property of the system to
recover after disturbance) and resistance (i.e.
the inherent capacity of the system to
withstand disturbance) (McNaughton, 1994).
Microbe-mediated processes are the most
sensitive to perturbations in the soil; for this
reason the capacity of soil to recover from
perturbations can be assessed by monitoring
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microbial activities. The links between
microbial diversity and soil functioning, as well
those between stability (resilience or
resistance) and microbial diversity in soil, are
unknown because, as stated above, it is
difficult to measure microbial diversity.
Therefore, soil functions are measured by
determining the rates of microbial processes,
without knowing the microbial species
effectively involved in the measured process.
According to O’Donnell et al. (2001), the
central problem of the link between microbial
diversity and soil function is to understand the
relations between genetic diversity and
community structure and between community
structure and function. Chander et al. (2002)
found that soil fumigated with chloroform, with
a much smaller microbial biomass than the
corresponding non-fumigated soil, respired
about the same amount of 14C-CO2 from
labelled straw as the non fumigated soil. They
also found that pollution with zinc affected
respiration of non-fumigated and fumigated
soils in the same way, indicating that the ratio
between substrate C-to-microbial biomass C
(larger in the fumigated than the nonfumigated soil) was not important. The ratio of
14
14
CO2 to C-to-microbial biomass C was
linearly related to Zn pollution. Griffiths et al.
(2000) found that soil fumigated with
chloroform, with greater microbial diversity,
was more resistant and resilient than soil with
a less diverse community to perturbations
0
such as heating at 40 C for 18 hours or
-1
treatment with 500 mg Cu g soil. However,
they suggested that the observed effects were
due to the physiological influence of CHCl3
fumigation on the microbial community rather
than differences in microbial diversity.

pesticides, inorganic fertilizer and has
selective effect on microbial diversity. Mittal
(2004) reported that wheat genotypes grown
in Indo- Gangetic plains did not significantly
influence the total bacterial and pseudomonad
population in soil, however, she reported
distinct cluster of rhizosphere communities of
wheat
and mandua (Eleusins coracana)
grown at Chaukhutia, Almora using 16S rDNA
restriction profile. Crop rotation length, fallow
substitute crops and fertilization also affect the
microbial diversity in soil. Yadav et al. (1977)
while studying the effect of different cropping
sequences on microbiological properties
reported maximum total N and organic matter
content
under
early
pigeonpea-lentilgreengram rotation. However the population
of bacteria was maximum under pigeonpeamaize-wheat rotation and that of fungi under
maize-lentil
rotation.
Population
of
actinomycetes was not affected by different
cropping sequences. Results of the long term
fertilizer experiment indicated that total viable
bacterial numbers increased with the addition
of fertilizers and the highest population was
detected in treatment with normal doses of
NPK. However, Bhadalung et al. (2005)
reported selective influence of fertilizer
application on AMF species. The effects of
fertilizer applications on soil microbial biomass
were due to an increase in root biomass, root
exudates and crop residues thus providing
increased substrate for microbial growth. Most
pesticides applied at rates approximating
those used in field applications caused only
slight change in population and activities of
micro-organisms, however, affected soil
microorganisms adversely at high rates of
application (Wardle and Parkinson 1990).

Impact of agricultural practices

GM Crop and microbial diversity

Changes in environment affect both
the number and kinds of soil organisms.
Various agricultural management practices
like tillage, cropping systems, fertilizer
application, cultivation practices, soil organic
amendments and pesticide application alter
the microbial dynamics in the agro ecosystem.
In a study on soil management practices,
Crecchio et al. (2004) found that cluster
analysis of community level physiological
profile (BIOLOG) indicated much uniform
microbial communities in organic farming than
irrigated with salt water. Tillage generally
decrease labile organic reserves in soil and
therefore, alter the microbial diversity and
biomass in soil, however, these effects of
tillage are largely confined to the surface (5-10
cm) soil layer (Doran, 1980). Monoculture
involves use of improved crop varieties,

Transgenic plants have been found to
have significant effect on non target soil
microorganisms (Liu et el. (2005). These
crops may affect the soil microbial diversity
directly by producing transgenic proteins and
indirectly by mediating changes in plant
proteins and root exudates composition.
However, factors such as the composition and
content of transgenic proteins in GM plant, the
resistance of the proteins to degradation, soil
physical, chemical and biological environment
influence the accumulation and bio availability
of the proteins in soil. It has been well
established that flow of genes between
organisms of different species occurs in
nature. This is called horizontal gene transfer.
Normally, special protection mechanisms
prevent foreign genes, after entering a cell, to
mix with its DNA. However, special genetic

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

93

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


elements, so called vectors, are used in
genetic engineering to overcome these so
called species barrier mechanisms. Ho et al.
(1998) have pointed out that this vector DNA
may leak out into the soil and from there it
may be transferred to other bacteria, may be a
pathogenic to humans or playing role in soil
fertility. Such gene transfer may brings the
changes in soil micro-organisms with altered
properties, that in the worst case may damage
the soil fertility or may promote the occurrence
of new, dangerous and uncontrollable human
pathogens.
Epilogue
Soil biological processes and soil
biodiversity are central to the soil fertility and
soil physical properties. Therefore, an
understanding of microbial diversity is of
paramount
importance
and
requires
immediate
attention
in
order
to
maintain/improve
soil
health.
Our
understanding of the links between microbial
diversity and soil functions is poor because
measurement of all soil microorganisms is not
easy; most are unculturable, even molecular
techniques can not detect all unculturable
microorganisms. In addition, the present
assays for measuring microbial functions
determine the overall rate of entire metabolic
processes, such as respiration, or specific
enzyme activities, without identifying the
active microbial species involved in it. The
central problem of the link between microbial
diversity and soil function is to understand the
relations between soil genetic diversity and
microbial community structure and between
community structure and soil function. The
recent advances in RNA extraction from soil
might permit us to determine active species in
soil The research priorities needed to address
in future includes; 1) assessment of the total
genetic diversity of soil, 2) to establish the link
between
microbial
species
and/or
communities and soil functions, 3) to monitor
changes in microbial communities due to
agricultural practices and other perturbation
and 4) identifying potential indicators of
microbial diversity and soil quality.
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Introduction
High quality seed is the key to
agriculture. The demand of modern agriculture
is that every seed sown should germinate and
produce a vigorous plant with uniformity,
synchrony, and optimum yield. Insufficient
plant establishment leads to a decrease in
yield. Sowing of poor quality seed may result
in losses to the farmers and seed growers.
The initial quality of the seed has an impact on
crop stand which if poor would result in poor
yield with an increase in disease pressure
during growth and development with more
reduction in seed quality. In India planting of
seeds saved by farmers is unassured in terms
of seed quality due their unawareness
regarding the quality and to many other
reasons
known
The
major
quality
characteristics are based on the genetic
potential of the variety being planted, physical
seed quality, physiological potential and
susceptibility to diseases. The genetic
potential is referred to as the genetic variation
within the seed lots and its expression
depends to a large extent on the agronomical
practices during production and the storage
environment. The physiological quality refers
to the ability of the seeds to germinate and
develop into a productive plant. There are
several
reasons
for
deterioration
in
physiological quality of the seeds. Major being
field weathering during storage. The
physiological quality can be evaluated in
terms of germination, vigor and field
emergence from processing to next planting at
varying intervals. The above-mentioned
factors also affect the seed health status due
to the microbes and further lead to seed
deterioration
Knowledge on seed quality aspect
contributes to agriculture development and will
continue to play a major role through quality
enhancement treatments that could bring
prosperity to the farmers and seed growers.
The seeds being a valuable input one couldn’t
let it go a waste. Early and uniform
establishment of vigorous seedling is a prerequisite for achieving higher yield seeds
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

when sown out of their normal season usually
encounter various stress condition resulting in
an uneven and poor germination.
Hence there is a need to adjust the
seed rates accordingly, which is only possible
when some enhancement treatments are
given during processing or before sowing.
Attempts in maintaining seed quality during
storage is also a necessary input. Seeds
ought to be stored in a healthy environment
and the best tested packaging material with
pre storage and pre-sowing treatment.
The invigoration techniques ensure
better seedling establishment and increase
the yield. Modern seed technology provides a
large range of enhancement treatments that
help in enhancing the genetic potential into an
improved harvest in terms of yield and quality.
These treatments can be applied to the seeds
during processing, pre-storage and presowing by coating with bioactive chemicals,
bioagents and seed protective inputs.
Enhancing seed performance for better
yield and quality
Modern Seed Technology provides a
wide range of enhancement treatments that
helps in enhancing genetic potential into
improved harvest in terms of yield and quality.
These treatments can be applied to seed
during processing
so as to refine
the seed characteristics. These treatments
are for
1. Physiological enhancement to make
germination rapid and synchronous.
2. Seed Protective treatments, which
should be in, even proportion and
evenly distributed.
3. Seed coating so as to enable the seeds
to be sown in well defined pattern.
A. Physiological enhancement
Germination of seed lots may be
severely affected due to environmental
fluctuations
leading
to
reduction
in
germination
potential.
Physiological
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treatments as seed priming do alleviate the
errated performance and also reduces the
natural physiological variation between seed
lots enabling them to tolerate environmental
fluctuation and avoid photo and thermo
dormancy and also help in invigorating the
germination performance of seed.
Seed priming is a broad spectrum
technique widely used in a range of
commercial crops so as to ensure faster
germination and uniform plant stand.
All
types of priming is based on the holding of
seed at a pre-determined seed moisture
content at a particular temperature and said
time so that the seed does not completes its
germination phase. A precise incubation
period is finely tuned so as to suit the
physiology of the seedlot. Later the primed
seeds are brought back to its original seed
moisture by shade drying and can be safely
stored.
Priming has an advantage that it
allows germination to go faster as the seed
has already initiated the physiological process
of germination. Germination becomes more
uniform as the weaker and slow growing
seeds have coped up with other vigorous
seed. The scientific explanation for these
responses is partly that priming relieves
internal physical barriers to cell growth inside
the seed embryo.
In some seed coats there are
naturally present inhibitors that are leached
out during steeping. Fungicides can also be
introduced during steeping so as to remove
deep-seated diseases. These treatments can
be done in three phases:
1. Pre-sowing
2. Pre-storage
3. Mid-storage
Seed priming
The theory of seed priming was
proposed by Heydecker in 1973. It is a
technique for controlling seed slow absorption
and post-dehydration (Heydecker, 1977). After
treatment with initiators, plant seeds exhibit
enhanced emergence rate and even emerge
of seedlings (Harris et al 1999, Bradford et al
1986) During sub-optimal environmental
condition, such as salinity and drought, the
contents of compatible solute inside the
seeds, such as malondialdehyde (MDA),
proline, and soluble sugar (SS), and the
activity of protective enzymes, such as
superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT) are important
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indicators (Mital et al 1995, Bohnert and Shen
1999). Priming may increases these factors
which can increase crop resistance to drought
and salinity (Wang et al 1991, Liao et al
1994). Thus, in this paper the potentially
effects of priming on germination performance
of different crop under salt and drought stress
were discussed.
Seed priming is a pre-sowing strategy
for influencing seedling development by
modulating pre-germination metabolic activity
prior to emergence of the radicle and
generally enhances germination rate and plant
performance (Taylor and Harman, 1990).
During priming, seeds are partially hydrated
so that pre-germinative metabolic activities
proceed, while radicle protrusion is prevented,
then are dried back to the original moisture
level (McDonald, 2000). Various pre hydration
or priming treatments have been employed to
increase the speed and synchrony of seed
germination 5. Common priming techniques
include osmopriming (soaking seeds in
osmotic solutions such as polyethylene
glycol), halopriming (soaking seeds in salt
solutions) and hydropriming (soaking seeds in
water) (Ghassemi-Golezai et al 2008).
Improvement
of
seed
germination
performance of different crop plants has been
reported (Table 1).
Table 1. Improvement of seed germination
performance in different crop
plants induced by seed priming.
Crop
Watermelon
Brassica
Mustard
Cauliflower
Wild sunflower
Onion
Lentil
Wheat
Rice
Barley
Lettuce
Carrot

Germination
condition

Reference
Sung and Chiu (1995)
Thornton and Powell (1992)
Srinivasan et al (1999)
Fujikura et al (1993)
Akinola et al (2000)
Caseiro et al (2004)
Ghassemi-Golezani et al (2008)

Kibite and Harker (1991)
Harris et al (1999)
Abdulrahmani et al (2007)
Gray and Steckel (1976)
Szafuwska et al (1981)

under

drought

and

salt

The effects of tress conditions,
especially salt and drought, on seed
germination have been evaluated in many
crops. Demir and Van De Venter (1999)
reported that drought and salinity may affect
germination by decreasing the water uptake.
Kaya et al (2006) compared the effects of two
salt and drought inducing factors (NaCl and
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PEG, respectively) on germination properties
of sunflower and concluded that seeds always
germinated better in NaCl than PEG at the
equivalent water potential. This may be due to
the uptake of Na+ and Cl− ions by the seed,
maintaining a water potential gradient allowing
water uptake during seed germination. Lower
germination percentage obtained from PEG
compared with NaCl at equivalent water
potential in each priming method suggest that
adverse effects of PEG on germination were
due to osmotic effect rather than specific ion
accumulation. While Na+ and Cl− may be
taken up by the seed and toxic effect of NaCl
might appear. More inhibition of seed
germination by drought (Induced by PEG)
compared to salt stress (induced by NaCl)
was seen in shorter root length and lower
seedling fresh weight. In cowpea drought
stress significantly reduced root and shoot
growth (El-Midaoui et al 2003). Eskandari and
Kazemi (2011) working on the germination of
wheat cultivars under salt stress reported that
by increasing NaCl concentration, seed
germination delayed and decreased in all
cultivars. They also reported that increasing
salinity concentrations often cause osmotic
and/or specific toxicity which may reduce
germination
percentage.
Kazemi
and
Eskandari (2011) evaluated germination of
rice seeds under salinity stress and observed
that germination, plumule and radicle length
and weight were decreased with increasing in
salt concentration where extent of these
reductions was related with the variations in
rice cultivar under different salt stress
condition. By increasing NaCl concentration,
seed germination delayed and decreased in
all cultivars.
Improvement seed performance under
stress conditions
The effects of priming on seed
germination properties have been well
documented. Shirvankar et al (2003) reported
high potential in improving field emergence
and ensures early flowering and harvest under
stress condition especially in dry areas and
under drought stress. Patade et al (2009)
suggest that salt priming is an effective pregermination practice for overcoming salinity
and drought induced negative effects in sugarcane. Farhoudi and Sharifzadeh (2006) while
working with canola reported salt priming
induced improvement in seed germination,
seedling emergence and growth under saline
conditions. Priming led to an increased
solubilization of seed storage proteins like the
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betasubunit of the 11-S globulin and reduction
in
lipid
peroxidation
and
enhanced
antioxidative activity in seeds. Afzal et al.
(2008) observed that the priming-induced salt
tolerance was associated with improved
seedling vigor, metabolism of reserves as well
as enhanced K+ and Ca2+ and decreased
Na+ accumulation in wheat plants. Sivritepe et
al (2002) evaluate the effect of salt priming on
salt tolerance of melon seedling and reported
that total emergence and dry weight were
higher in melon seedlings derived from primed
seeds and they emerged earlier than nonprimed seeds. They also observed that total
sugar and proline accumulation and prevented
toxic and nutrient deficiency effects of salinity
because less Na but more K and especially
Ca was accumulated in melon in melon
seedlings. Seed germination performance
under stress conditions may be affected by
the following factors:
1. Maturing time: Response of seed
germination to stress conditions depends on
the seed maturity level. For example,
Ozcoban and Demir (2006) evaluated
germination
performance
of
tomato
(Lycopersicun esculentum) harvested at
different maturity times (pink =50 days after
anthesis, red firm =60 day after anthesis, red
firm =70 days after anthesis, red soft = 80
days after anthesis and overripened = 90 days
after anthesis) and concluded that tomato
seeds harvested 70 days after anthesis
showed the maximum germination not only
under water but also salt stress. Seeds
harvested earlier or later were more sensitive
to stress at germinations. In other words,
seeds of tomato have different resistance to
salt and drought stresses at different maturity
levels. Thus, harvesting at suitable maturity
time resulted in increased salt and drought
resistance.
However,
tomato
seed
germination was more dramatically influenced
by osmotic water stress than salt stress
despite osmotic potentials were similar.
Welbaum et al (1990) in muskmelon and Still
(1999) in broccoli reported that germination
under low water potential was influenced by
maturity stages.
2. Kind of priming: This factor can also affect
the potential of seed germination under
suboptimal conditions. In this case, Sun et al
2010 treated the seeds of rice cultivars with
H2O and different concentrations of PEG
before germination for disclosing the effects of
seed priming with water and polyethylene
glycol (PEG) on physiological characteristics
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in this important crop. Primed or non-primed
(control) seeds were then germinated under
drought stress conditions simulated with PEG
in a serious of concentrations. Results
revealed that both hydro-priming and PEG
priming had the effects on accelerating
germination and improving drought tolerance
of seedlings. However, compared to hydropriming, priming with PEG in a proper
concentration had a better effect on seed
germination and seedling growth under
drought stress.
3. Priming concentration: Seed performance
under drought or salt stress is also affected by
the concentration of priming materials. It has
been reported that, Na-Cl priming generally
requires longterm treatment periods using
solutuins with relatively high concentrations of
NaCl; however, short term seed priming with a
low NaCl concentration also increases
germination rate, field emergence and
acquired stress tolerance (Nakaune et al,
2012). Sun et al (2010) also concluded that
PEG priming with moderate concentration
resulted in higher tolerance to drought stress
than
hydro-priming,
while
higher
concentrations of PEG had negative effects
on seed germination.
In general, it can be concluded that
priming
improved
seed
germination
performance, especially under sub-optimal
environmental condition such as drought and
salinity. There are some factors affecting the
response of seed to priming in terms of
resistance to drought and salinity suggesting
that seeds harvested at appropriate time and
suitable material with precise concentration
used for priming, the performance of seed
germination will be improved under drought
and salt conditions.

Seeds are impregnated with the
required chemical by soaking seeds in water
or dilute solution of any chemical which
enhance germination and establishment of the
seeds as micronutrient, growth regulators,
vitamins and protectants depending upon the
seed requirement. The moisture content of the
seed is raised by 20-25% that is sufficient for
the movement of chemical into the seed. Most
extensively used chemical are:
Nutrients the macro and micro nutrients
help in seed performance for seedling
establishment
and
maintaining
plant
population which further help in production of
quality seed.
Most extensively used chemicals are.
Element

Role/Constituent

Nitrogen

Amino acid, nucleotides and
acts as a co-enzyme

Phosphorous

Phospholipid,
nucleotides
and sugar phosphates

Potassium

Acts as an electron carrier
and plays a role in activation
of enzymetic processes.

Sulphur

Amino acid, eg cystine,
methionine and cystenine .

Magnesium

Chlorophyll , Activator of
enzymes
and
their
metabolism

Iron

Integral part of protein,
constituent of phytochromes
and enzymes as catalase,
peroxidases,
and
dehychrogenase Helps in
respiratory
and
photosynthetic activities.

Zinc

Constituent
dehydrogenase,
dehydrogenase
required
for
production

Others

Growth
botanicals,
fungicides.

Pre sowing seed treatments
The pre-sowing seed treatments are
done prior to sowing so as to improve the
seed performance. Chemicals that help in
enhancing physiological processes and
activate the seeds for better performance
under field conditions. The following method
can be applied for priming with chemicals.
1. Aqueous solution

of
alcohol
and
is
pollen

2. Pelleting/coaling
3. Suspension treatment
Treatment with aqueous solution

regulators,
vitamins and

Seed fortification
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Recommendations of seed treatment
Crop

Chemical

Concen
tration

Hydration/
Soaking
Period

Pearl
Millet

Potassium
Chloride

2%
(20g/ht)

1Kg seed in
650
ml
of
solution for 10
hours and dry

Sorghu
m

Potassium
Dihydrage
n
Phosphate

2%

1Kg seed in
650
ml
of
solution for 16
hours and dry

Cotton

Potassium
Chloride

2%

1Kg seed in
650
ml
of
solution for 10
hours and dry

Sun
flower

Potassium
Chloride

2%

1Kg seed in
650
ml
of
solution for 12
hours and dry

Pulses

Zinc
Sulphate

100 ppm 1Kg seed in
(100 mg) 350 ml for 3
1000 ml hours

Seed infusion
Seeds
are
impregnated
with
chemicals in organic solvents. The damage to
the seed is avoided due to soaking injury. This
treatment can be recommended for those
types of seeds that suffer seed coat damage
due to soaking.
Methodology
The required amount of chemical is
dissolved in the organic solvent seeds are
soaked in the solution for required period
ranging from 5-24 hrs. Later the seeds are air
dried till the organic solvent gets evaporated.
The penetration of the chemical may vary with
(1) Duration of treatment (2) Concentration of
the solute (3) Type of chemical used.
Chemical infused through seed infusion
1. Seed protectants –Fungicides and
Bactericides.
2. Herbicide antidotes – Prevention from
ill effects of herbicide.
3. Growth regulator – To nullify
endogenous
deficit
of
growth
substances.
4. Nutrients – Macro and Micro nutrients.
5. Other – Those substances that can
help in resisting adverse stress.

Organic solvents used
Acetone, Petroleum Ether DichloroMethane, Ethanol, Dichloromethane, and
PEG.
Slow hydration / dehydration
Leguminous seeds as common
pulses eg peas- beans and soybeans are
susceptible to soaking injury. Hence direct
immersion of seeds in solutions should be
avoided. These seeds need to be hydrate
slowly which is possible through conditioning
via moist sand with the required chemical in a
seed sand ratio of 1:3 to 1:4 followed by
careful washing of the chemical.
Methodology
Moist sand conditioning is the
cheapest and the most practical method of
seed priming. The sand is washed and dried
the chemical solution of the required
concentration is prepared. The sand and the
chemicals are mixed together layering of the
seed and sand in a ratio of 1:3 to 1:4 is done
in a container having an air tight lid. The
uppermost and the lowermost layer should be
of sand. Fit the lid of the container air tight and
leave for 16 to 18 hours depend upon the
seeds being hydrated. The moisture content
of the sand should be adjusted in a way that
the seed moisture does not exceed 30% on
wet weight basis. After the uptakes of water
the sand remains virtually dry. The seeds are
later shade dried for 24 hours and then sun
dried till the moisture of seed comes to its
original moisture level. The sand sieved out
can be reused after thorough washing.
Osmo-priming
Pre-sowing seed treatment with
osmotic solution is called OSMO-priming or
OSMO-conditioning. The seeds are soaked in
aerated low water potential osmotica to
control seed imbibitions. It involves the
hydration of the seeds that permit the pregermination process to begin with, but the
final phase of radicle emergence remains
unaltered. After achievement of moisture
equilibrium, uptake of water is prevented.
Chemicals used for osmo-priming
1. PEG-6000 solution with or without
chemical acts as a coating material. It
absorbs water but releases only half
of its water potential.
2. Mannitol – is a low
compound but is toxic.
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3. Salts- Sodium chloride, Potassium
dihydrogen
sulphate
glycerol.
Potassium nitrate and Magnesium
sulphate.
Factors influencing efficacy of osmopriming
1. Concentration of the osmoticum

by the metric potential of the seed and during
priming the water is largely held by the carrier.
Seeds imbibe water from the carrier till the
equilibrium is reached this controls hydration
and allows entry of specific quantity of water
directly to get in contact with the seed so as to
achieve a deviated moisture content.
The weight of water needed to
increase a given seed mass to a desired
moisture content can be calculated by:

2. Duration of treatment
3. Temperature and light intensity

Wt of water =

4. Monner and extent of drying
5. Type of seed and its response to
OSMO- conditioning
Method of osmo-priming

Wt 1 (Mcf – Mci)
Mcf x 100

Wt 1 – Weight of water to be added
Mcf – Final desired water content

1. Large seeded legumes are soaked in
20-30% PEG solution with or without
o
chemical and incubated at 15-30 C for
7-21 days. Seeds are washed with
distill water and air dried at 250C later
the seeds can be used for sowing.
2. Osmotic potential of the conditioning
solution are generally kept at –0.8 to
0
1.6 bar at 15-20 C.
Solid metric priming

Mci – Initial seed moisture content
Drum – priming
The drum priming involves the
hydration of the seeds over a period of 24-48
hours in a drum revolving at 1-2 cm/sec.
Mixing of the seed is very uniform and the
seeds at the end of the treatment are plumb
and dry. A preset volume of water is injected
during each cycle as regulated by an attached
timer.

The solid metric priming consists of
mixing seeds with an organic or inorganic
carrier and water for a period of time. The
moisture content of the metric is brought just
below that which is required for radicle
protrusions seed water potential is regulated
Physiology of the various priming treatments
Physiology of priming treatment
Parameters affected
Colloid hydration
Protoplasm viscosity
& Elasticity
Bound water
Photosynthesis &
Respiration
Water deficit

Root system
Enzyme system
Inhibitors

Restoration of
membrane inligrity
synthesis & repairs
Germination

Seed hardening
Increase in
hydrophilic colloid
High

Seed fortification
Increase in
hydrophilic colloids
High

Seed infusion
-

Increase
Increase & Intensive

Increase & Intensive

Lower water deficit
with an increase in
water balance
Efficient
Activated
-

Lower water deficit
with an increase in
water balance
Efficient
Activated
-

Enhanced
metabolic
activities
-

Enhanced
metabolic
activities
-

Efficient
Activated
Leached out
from seed coat

Restored

Restored

Restored

Efficient
Activated
Reduction in
growth
inhibitory
substances
Restored

Enhanced

Enhanced

Enhanced

Enhanced
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Advantages of priming treatments
Advantages of acqueous priming
Parameters
affected

Seed hardening

Seed fortification

Germination

Rapid enhanced,
seedling growth rate

Rapid enhanced
seedling growth rate

-

Rapid enhanced
seedling growth rate

Effect on
wilting

Plants recover faster

Plants recover faster

-

-

Flowering

Slightly accelerated

Slightly accelerated

Slightly
accelerated

Slightly accelerated

Field
Establishment

Uniform

Uniform

Uniform

Uniform

Salinity &
drought

Induces resistance

Induces resistance

Induces
resistance

Induces resistance

Temperature
stress

Can withstand higher
temperature for longer
period

Can withstand higher
temperature for longer
period

Treatment
duration

Comparatively time
consuming

Comparatively time
consuming

Treatment
duration
short

Time consuming &
to be done efficiently

Soaking injury

May be in leguminous
crops

May be in leguminous
crops

No soaking
injury

-

B. Seed treatment for agronomic crops
Early seedling emergence and even
plant stands are most important for obtaining
good seed yield and quality. The importance
of sowing high quality seed continues to
increase due to changes in production
technologies, especially early planting,
narrowing row to row spacing and reduced
tillage system.
Factors affecting seed quality
Seed borne fungi, damage due to
insect feeding, poor storage condition and
mechanical injury during harvesting and
processing of seed lots are the major factors
which lead to poor quality of the seeds.
Reduction in seed quality due to fungal
infection occurs when harvesting is delayed
and also due to diseases occurring due to wet
conditions. The infected seeds can be
identified physically as there is (a) seed
discoloration (b) shriveled and (c) moldy in
appearance.
Insect damage usually occurs either
in the field prior to harvest or during storage.
The damage to the embryo is mainly
responsible for reduction in seed quality
secondly the hold being pierced by the insect
on the seeds may lead to a path for fungal
infection. Mechanical damage occurs due to
rough handling of seeds during harvesting
processing and during planting, Cracks in the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Seed
infusion

-

Osmo-priming

Can withstand higher
temperature for
longer period

seed coat increases the chances of infection
by allowing the solute leakage containing
nutrients into the soil. These later acts as
nutrient to the soil borne microbes leading to
decay in the seed and seedling during
germination.
High humidity and temperature during
storage is also one of the factor responsible
for reduction in seed quality which activates
fungal infection and insect activity during
storage.
Effect of seed treatment
Selective use of seed treatment can
protect the seeds and seedlings. These may
also enhance crop performance during
growing season. A few effects of seed
treatments are as mentioned below.
1. There may be an increase in germination
due to fungicidal treatment especially
when the seeds are infected due to
fungus such treatment is beneficial for
seeds, which are infected prior to planting,
or when the soil condition is, wet and cool
environment during planting results in
delayed germination.
2. Seed treatment containing insecticides
may serve to protect seeds and seedling
from insect pest found in soil.
Seed treatments cannot be considered as a
cure for all the seed lots. There may not be an
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increase in germination when seeds are
mechanically damaged, or stored under poor
storage conditions or even due to genetic
differences of the varieties.
Dry heat treatment for vegetables
It is one of the most extensively used
physical treatments. Cold and hot water
treatment again followed by hot water
treatment is in a general practice by the
growers. Dry heat treatment is mainly applied
to seed having high value and highly priced
hybrids of vegetables. The major vegetable
crops being treated are:
1. Cucurbits – Water melon, melon,
cucumber, squash gourds, and members
of root stocks.
2. Solonaceous Crops – Tomato, pepper,
eggplants, true potato seeds.
3. Brassica crops – Cabbages, Chinese
cabbage, radishes
4. Other vegetables – Lettuce, spinach and
carrots.
Methodology adopted
Seeds are treated at a maximum
0
temperature of 70-75 C for 3-5 days and may
vary from the type of crop and the seed
source. As the seeds are negatively
influenced by extremely high temperature, the
seed moisture content is first reduced to 4%
before exposure to maximum temperature.
There should be a gradual increase n
0
0
temperature from 35 C to 75 C which is very
important for heat treatment seeds are initially
0
0
treated at 35 C for 24 hours followed by 50 C
0
for 24 hours and finally at 75 C till the required
time.

A gradual decrease in temperature
gradually increases the seed moisture up to
6%. Later the seed also require a certain
period of post treatment so as to condition the
treated DHT seeds. Due to DHT there is a
complete inactivation of the target seed borne
viruses and fungi as Fusarium with little or no
injury to the seed and seedlings.
Effect of dry heat treatment on seed-borne
diseases
The presence of seed borne viruses
can easily be detected by ELISA. The seed
borne viruses are partially inactivated or
reduced by certain other methods. However
their complete inactivation is only possible by
Dry Heat Treatment. Recent techniques of
RT-PCR methods have proven the effective
inactivation.
The DHT may differ slightly in its
application for other diseases eg (1) extended
period of DHT by 7 0C or higher may be
required to inactivate Fusarium in cucurbits (2)
Lettuce mosaic virus needs a three day
0
treatment at 80 C . Due to DHT there may be
a secondary infection of air borne diseases.
However these can be controlled by adding
fungicide as required (Table 1)
DHT can be repeated only once for
the same seed lot. It is recommended that
DHT seeds should be used within a year of
treatment as longer storage shows reduced
longevity due to extreme stress. Results have
revealed that seeds lots of cucurbits after DHT
could be safely stored for a period of four
years when stored in sealed boxes kept on
0
silica gel at 20 - 25 C.

Table 1: Seed borne vegetables being inactivated due to various heat treatments
Crop
Radish

Diseases
Alternaria brassicae

Brassicus

Black spot (Alternaria)
Rhizoctonia root rot
Bacterial leaf spot
Xanthomonus compestris
Black ring spot
Cercospora leaf spot
Early blight
Erwinia carotovora
Brownspot
(Phomopsis blight)
Leaf mould
Stem canker
Damping off

Lettuce
Celery
Eggplant
Tomato

Seed treatment
500C HWT 10-40 min. after 6 hr cold water soaking, 750C
DHT-72 hrs
500C HWT 30 min. after 6 hr cold water soaking
500C HWT 30 min. after 6 hr cold water soaking
500C HWT 30 min. after 6 hr cold water soaking,
500C HWT 15-25 min. after 6 hr cold water soaking
500C HWT for 20 minutes
400C HWT for 30 minutes
500C HWT for 25 minutes
500C HWT for 25 minutes
0
50 C HWT for 30 minutes
700C DHT 48 hours
45-500C HWT for 30 minutes
500C HWT for 30 minutes
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Bacterial canker

Pepper
Cucurbits

Carrot
Sweet Corn

Tobacco mosaic virus
Tobacco mosaic virus
Anthracnose
Cucumber green mottle
mosaic virus
Fusarium root rot
Scab (Cladosporium sp)
Fusarium in bottle gourd
Bacterial blight
Ustilagozeae
Bacterial wilt

0

0

50 C HWT for 102 minutes followed by 55 C for 25 minutes
and washing
0
70 C DHT for 48 hours.
700C DHT for 48 hours.
0
50 C HWT for 15 minutes
0
70 C DHT -48 hrs long term storage
550C - 15 minutes
700C DHT -48 hrs
700C DHT - days
0
0
50 -53 C HWT -r 20 minutes
0
45 C- steam – 3 hours
0
53 C DHT – 3 hours

Advantages of dry heat treatment
Despite
of
special
requirement
and
equipments there are a number of advantages
of DHT.
1. Control or prevention from seed borne
diseases
2. Complete inactivation of a few
noxious seed borne viruses viz.
Tobacco
mosaic
virus
(TMV),
Cucumber green mottle mosaic virus,
Lettuce mosaic virus.

3. Safe and complete inactivation of
noxious
seed
borne
bacterial
diseases like Erwinia and fungal
diseases as Fusarium, Alternaria,
Cladosporium etc.
4. Safe and large scale operations by
seed producers.
5. Easy application of additional seed
treatment as priming after DHT as
and when required, which do promote
germination and faster seedling
growth.
6. Ideal for supplying healthy seeds to
organic seed producers.
Phytotoxicity symptoms can be
minimized as the machines developed are
designed so as to control temperature, seed
moisture regulation.
Disadvantages
 Improper DHT may result in slight to
severe incidence of
phyto-toxicity
104
ranging from twisting of cotyledons to
seedling abnormalities and killing of
seed.
 Seedling emergence may be delayed
considerably.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Precauti1zons
There should be a continuous flow of
air in the DHT machines being utilized (Joung
et.al. 2003 and Lee et. al. 2003.) When the
seeds are properly treated there is a complete
inactivation of the target seed borne viruses
and fungi as Fusarium with little or no injury to
the seeds and seedling.
Polymer
Polymers for seed coating have an
adhesive characteristic which in the specific
formulation has the aim for improving the
process and the final quality of the treated
seed. An ideal polymer should not be
permeable to water but should compulsorily
allow the absorption of water by the seed.
Polymer is a slightly more viscose
material than a majority of chemicals used for
seed treatment the polymer can be used for
any type of seed may it be small or large.
However irregular shaped seeds require more
precision during treatment. The polymer acts
as extra layer forming an envelope along the
outer surface of the seed along with any
protecting chemicals from adversities due to
pathogens, or providing better conditions for
germination and emergence and is directly
related to the establishment of plants
providing more probability of attaining planting
value of the seed sown its effect is more
evident in vegetables and hybrids where
uniformity of emergence and adeguate plant
population are crucial secondly identification
of the seed is very clear due to the different
colours mixed with the polymers.
Polymer coated seed has the
potential to extend the planting value by
reducing the potential yield losses due to late
planting. Polymer coated seed may also allow
producers to plant longer season varieties and
increasing potential yield. These factors are
particularly important on the Corn Belt area
where a short growing season leads to
104

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


significant yield reduction when seeding is
delayed beyond the optimum period and cool
wet spring conditions often hamper. The
potential of polymer coated seed to reduce the
barrier has generated tremendous interest.
Crop yields may be affected by
weather conditions wet conditions in the
spring may cause planting to be delayed,
shortening of growing duration enhance
reducing crop yield. Planting to early
increases the risk of frost damage, for early
emerging crops and prolonged cool wet
conditions after planting may cause the seed
to deteriorate in the soil. Temperature
activated polymer coated seed may allow
earlier planting and would help n the risk of
the seeds getting deteriorated and takes the
maximum use of the growing season.
However if soil temperatures are warm early
in the sowing the polymer coated seed may
not be able to protect itself from frost damage
to early emerging crop.
Temperature
coating

activated

polymer

seed

A recent technological innovation has
the potential to significantly change the risks
faced by farmers in planting their crops. A
temperature activated polymer coating has
been developed which delays the exposure of
the seed to the soil until the soil reaches a
required specific temperature. When the soil
reaches the specified temperature the coating
allows the seed to be exposed to the soil and
allows germination to occur.
C. Seed coating and pelleting
Pelleting-coating and encrusting are
the names given to the treatment given to the
seeds so as to make it fit for planters and drills
by altering their shape weight and texture.
Seed coating
Seed coating is a method of
depositing a fine and uniform layer of a
polymer on the surface of the seed. It is used
together with chemical and biological
treatment protecting material applied in a very
small quantity and minimum impact on the
environment. This makes the technology
highly efficient in the protection of seeds, as it
combines fungicides with insecticide other
composition with a fine layer or film made of
liquid polymer (film coating). These polymer
impose protection to seed in relation to
temperature and humidity variation.
The polymer seed tend to present
better germination, emergence mainly under
advance condition, and improves the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

solidification of the defensives used in the
seed treatment and makes the addition of
other products possible.
The beneficial effects is that apart
from improving seed appearance and plant
ability of the seed it improves the handling and
application of chemical products and giving
better protection to the workers and to the
environment.
Importance of pelleting and coating
Seeds of many cultivated crops have
irregular shape surfaces a size adored by
nature. The seeds may also be of varying
size, dusty, sticky of very small in size. Hence
these characteristic of seeds make it difficult
to handle and efficient seed sowing. This is
particularly a draw back in those crops, which
require precision sowing. The alternatives to
hand or even mechanical thinning of the
surplus plants is a costly affair to come out of
these problems modern pelleting research
began during 1940s in USA so as to
mechanize space planting. Sown preusely
with one seed at a particular distance is also a
key issue in the efficient raising of seedlings
under soil, and trays, which can be further
transplanted.
Methodology
Pellets and coating are made in the
same way wet seed is mixed or tumbled in a
mass and a blend of powdered material is
added together with more water until the
desired weight on size increase is reached.
The coated or polluted seeds are dried105
in
warm air and are size graded. The whole
process is engineered and carried out with
skill so as to obtain an even size of the final
product. Care should be taken while grading
to discard the seed less pellets and sticking of
seeds together should be avoided. The seeds
may also be brightly colored so as to locate it
in the soil during planting. The colors may also
be used s brand identification or treatment
identification.
Characteristics of the adhesive to be used
during coating
1. Must have affinity (combinability) for
both seed coat and selected filler
material.
2. Should have required degree of water
solubility for easy emergency.
3. Should have required strength and
plasticity to prevent dusting and
breakage.
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4. Appropriate
application.

viscosity

for

easy

5. These are glues, binders or stickers
are used as media to fix the coating
material on the seed coat so as to
increase the seed size.
6. It helps in easy handling transport and
planting operations.
Criteria for coating material
1. Must be porous to allow air movement
into seed.
2. It must weaken and break when
comes in contact with soil moisture.
3. Should be non-toxic.

Major benefits of film coating
Allows marked reduction in dust
emission and active in gradient losses from
treated seeds at the (a) seed treatment
operator level (b) at farm level.
A. Seed treatment at operator level
a.

Reduction of exposure of the worker
to active ingredients.

b.

Less dust of active ingredient.

B. At farm level
a.

The active ingredients are present on
the seed and not at the bottom of the
package.

b.

There is less dust in the drilling
machine better flow of the seed and
control of sowing density.

4. Able to be used at commercial level.
5. The commonly used adhesives are
gum Arabic, methyl, cellulose, gelatin,
casein and carboxy, methyl cellulose.
These are also easily available.

Improved
coverage
and
distributed on the seed surface.
a.

Significantly improved coverage and
active distribution on the seed
surface.

b.

Even distribution of active ingredient
from seed to seed.

Film coating effective and innovative way
to enhance treated seeds
The major objective of these
techniques is to optimize the application of
seed treatment while improving the technical
qualities of treated seed . In order to reach the
target two major technologies have been
developed i.e (a) pelleting for a specific crop
and (b) Film coating adopted particularly for
field crop.
Pelleting for specific crops
This technique is adopted to modify
the size and the shape of the seeds so as to
have precision sowing. This type of seed
treatment mainly depends on the pest target
the products as fungicide in the inner layer
and insecticide at the outer layer.
Film coating adapted for field crops
For application of seed treatment
products with a film on the seed surface that
does not modifies the shape or size of the
seed. Film coating enables the technical and
marketing requirement. Film coating products
have been developed world wide for a number
of field crops as cereal, corn, cotton,
rapeseed, sunflower, peas, soybean and
lentil. The film coating product is a formulation
which is a aqueous dispersion containing
polymers dyes and surfactants. On application
to the seeds these create a very fine and
selective film permeable to air and water.
These may be used either as pure product or
even with a mixture of other seed treatment.
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actively

* Identify and promote high quality seed
treatment.
a.
b.
c.

Colored and shiny look.
Control over sowing quality.
Identification of specific treatment of
varieties.

Halogenations
Halo colouring of seed is a new
concept Halogenations is aimed at controlling
the free radicle that cause deterioration of
seeds and colouring after coating is done to
improve the asthetic look associated with
other benefit. Halogenation treatment prior to
sowing avoids the infestation of pathogen and
insect affecting the crop at the early growth
stages.
A number of factors have been
identified which influence the rate of seed
deterioration viz. seed moisture, seed
maturity, mechanical damage, storage pests
and pathogens, and RH and temperature of
the store. The accepted physiological concept
related to seed deterioration is the
involvement of free radical. Reduction in the
free radical production can be done by
Hydration-dehydration treatment either with
water or very dilute solutions of antioxidants
are beneficial. Due to some major constraints
this treatment procedure did not gain much
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adoption. However, the presently developed
halogenation treatment has a great advantage
having similar effects as that of Hydrationdehydration treatment and is feasible for large
scale adoption.
Action of halogenation treatment
The
halogen
evolved
reduces
physiological deterioration of seeds by
stabilizing the unsaturated fatty acid
component of lipid protein of cellular
membranes and it possibly reduces lipid
peroxidation and free radical reaction. The
released halogen might be strengthening the
carbon double pond of poly unsaturated fatty
acid and render them less susceptible to
further oxidation. The halogens also posses
antimicrobial
properties
offer
marginal
protection against pathogens which is one of
the major factor influencing seed deterioration.
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Role of Weed Management in Crop Production
P. K. Singh
Principal Scientist
Directorate of Weed Science Research (ICAR)
Jabalpur - M.P.
Introduction:
“Agriculture is the backbone of the Indian
Economy” – said Mahatma Gandhi six
decades ago. Even today, as we enter the
new millennium, the situation is still the same,
with almost the entire economy being
sustained by agriculture, which is the
mainstay of the villages. Not only the
economy but also every one us looks up to
agriculture for our sustenance too. This sector
supports more than half a billion people
providing employment to 52 per cent of the
workforce (Aggarwal 1995 and Postnote
2006). It is also an important source of raw
material and demand for many industrial
products, particularly fertilizers, pesticides,
agricultural implements and a variety of
consumer goods. However, the share of
agriculture in the gross domestic product has
registered a steady decline from 38 per cent in
1980-81 to 18.0 per cent in 2010-11, which is
quite alarming. But, high dependency of
majority of poor makes this sector all the more
important. As of today, India has about 17 %
of the world’s population living on 4.2% of the
world’s water resources and 2.3% of the
global land. A large proportion of India’s
geographical area is under cultivation, being
51%, as compared to mere 11% of the world
average. However, the present cropping
intensity of 139% has registered an increase
of about 27% since 1950-51 (Prasad 2007).
India has made impressive strides on
the agricultural front during the last six
decades. The foodgrain production increased
by about 4.75 times from a meager 51 million
tons in 1950-51 to an estimated harvest of
about 242 million tons in 2010-11. This
increase was achieved despite the fact that
the net sown area has plateaued around 140
m ha since 1970s till date. Similarly, there was
not much increase in the net irrigated area
also which is about 58 m ha at present. Thus,
virtually all of the increase in the foodgrain
production resulted from yield gains rather
than expansion of cultivated area (Gerdien
and Roza 2007).
Though, the average annual growth
rate of foodgrain production since 1950-51 to
2010-11 was 2.6 per cent compared to the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

growth of population which averaged at 2.2
per cent, it however, decelerated to 1.2 per
cent during 1990-2010 which was lower than
the annual rate of growth of population,
averaging 1.9 per cent. To meet the growing
needs of the food security, 2.0 percent growth
in food grain production is considered
essential. Increased agricultural productivity
and rapid industrial growth in the recent years
have contributed to a significant reduction in
poverty level. Despite the impressive growth
and development, India is still home to the
largest number of poor people of the world.
With about 250 million below the poverty line,
India accounts for about one-fifth of the
world’s poor (IASRI 2008, Nick and Dylan
2011).
As per the projections of IFPRI,
Washington there is a likelihood of shortfall of
41 per cent in the food grain production in the
country by 2020. With the medium fertility
assumption of 1.6 per cent, we ought to
produce 300 million tones of foodgrains in
2020. The country has high population
pressure on land and other resources to meet
its food and development needs. Low and
stagnant yield per unit area across almost all
crops has become a regular feature of Indian
agriculture. Besides, the natural resource
base of land, water and bio-diversity is under
severe pressure. The massive increase in
population and substantial income growth,
demand an extra about 2.5 mt of foodgrains
annually. In this backdrop, the required
increase in food production can be realized
only through vertical increases in productivity,
as the possibilities of horizontal increase i.e.,
expansion of area are minimal. The vertical
increase has got tremendous scope which can
be achieved with better genotypes and
providing farmer-friendly input technology.
One such technology which has a potential to
yield substantial increase in the production of
foodgrains is proper weed management as
weeds alone are known to account for to
nearly one third of the losses caused by
various biotic stresses. In some situations the
uncontrolled weeds can even lead to complete
crop failure. The efforts to control weeds many
a time, also contribute towards the increased
cost of cultivation of crops (Jon 2012). A study
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undertaken at this Directorate suggests that
proper weed management technologies if
adapted can result in an additional production
of 82 million tons of foodgrains, 14 mt of
pulses, 12 mt of oilseeds and 41 mt of
commercial crops, per annum, which in few
cases are even equivalent to the existing
annual production. The losses due to weeds
in foodgrains and oilseeds are almost one
third and half of the current production level
simultaneously while an equal amount are lost
in pulses.
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What is a weed?
Weeds are plants that are undesirable
to human activity at a particular time and
place, and therefore, weeds will always be
associated with human endeavours. Weeds
are the plants growing in places where they
are not desired. They interfere with our
activities be it a crop field, play ground, or a
pond. Weeds are no separate group of
plants. Man invented the weeds. Plants have
been termed as weeds considering their
negative value in a given situation. The
definition given by Weed Science Society of
America (WSSA) hence appears apt "Any
plant that is objectionable or interferes with
activities and welfare of man". This is given
with the perspective that any plant or
vegetation could be included as a weed in the
future so long as the plant fits into the above
definition. Unlike other pests, weeds are
ubiquitous and affect almost all the crops.
What weeds cause?
In agriculture, weeds cause huge
reductions in crop yields, increase cost of
cultivation, reduce input efficiency, interfere
with agricultural operations, impair quality, act
as alternate hosts for several insect pests,
diseases and nematodes. Weeds compete
with crop plants for various inputs/resources
like water, nutrients, sunlight etc.
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Potential yield losses due to weeds
Therefore, greater awareness about
the losses caused by the weeds and the need
for improved weed management technologies
are very vital to meet the growing demand for
foodgrains, pulses, oilseeds and other crops
by the ever increasing population. There is
tremendous scope to increase the agricultural
productivity by adapting the improved weed
management technologies that have been
developed in the country by Directorate of
Weed Science Research, Jabalpur as well as
its 22 Cooperating Centres working at
different SAUs under the All India Coordinated
Research Project on Weed Control (AICRPWC). Despite the enormous magnitude of the
losses due to weeds, policy makers have not
yet felt the significance of weed management
as happened in case of varietals breeding and
other inputs such as irrigation, fertilizers and
seeds.
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In addition to agriculture, weeds also affect
and interfere in the management of all the
terrestrial and aquatic resources. They
endanger the native biodiversity by choking
and deliberate takeover of the native plants
and also by corrupting and invading open
lands, road sides and recreational areas like
public parks. They also affect the aquatic
resources
by
interfering
in
fisheries/aquaculture, navigation and irrigation
water management besides reducing the
aesthetic and recreational value of water
bodies. Weeds do not spare even animals and
stealing land, homes and food from animals
by invading the grazing areas. They cause
health hazards like skin allergy, asthma, nasal
diseases etc., to both humans and cattle.
Weeds also interfere with maintenance and
inspection of various defence, electrical,
railway and airport installations besides being
a potential fire hazard. Besides weeds also
are a nuisance in forestry reducing their
productivity. Out of the total 826 weed species
reported in the country, 80 are considered as
very serious and 198 as serious weeds. The
importance of their management seldom
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requires any mention especially under the
present day high input farming systems.

Issues and strategies for weed
management

Origin of DWSR:

The main issues concerning weeds and weed
management in India along with the strategies
to tackle these through scientific research and
technological redressal are highlighted below:

Considering the problem of weeds in
crop fields and the need for weed research in
India, it was decided to set up a nodal centre
for basic and applied research in Weed
Science in the VIl Five Year Plan. Thus, the
present Directorate of Weed Science
Research, Jabalpur came into being in April,
1989. In fact, it is the only Institution in the
entire world at present, dealing exclusively
with the problems posed by weeds in a
comprehensive manner using multidisciplinary
approach.
The mandate of the Directorate is as follows:

 To undertake basic and applied
researches for developing efficient
weed management strategies in
different agro-ecological zones;

 To provide leadership and co-ordinate
the network research with State
Agricultural Universities for generating
location-specific technologies for weed
management
in
different
crops,
cropping and farming systems;

 To act as a repository of information in
weed science;

 To act as a centre for training on
research methodologies in the areas of
weed science and weed management;

 To collaborate with national and
international agencies in achieving the
above mentioned goal; and

 To provide consultancy on matters
related to weed science
The Directorate, since its inception has
significantly contributed in the areas of
identifying major weeds in different crops and
cropping systems of the country, development
of national database of weeds, evaluation of
new herbicides and making herbicide
recommendations, monitoring of herbicide
residues in food chain and environment,
identifying weed competitive crop cultivars,
weed smothering intercrops, non-chemical
and biological methods of weed control, weed
dynamics in crops and cropping systems,
management of parasitic weeds, allelopathic
studies, management of perennial weeds and
other invasive weeds in non-crop areas and
transfer of improved weed management
technologies.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

1. Invasive Alien Weeds: Invasive alien
weeds (IAWs) are plants that are moved
from their native habitat to a new location
and in the absence of their co-evolved
predators and parasites they eventually
become established and spread rapidly
causing
tremendous
harm,
often
irreversible to the environment, economy
and in some cases to human health. As
per Convention on Biological Diversity
(CBD, 1992) alien invasive species are
the biggest threat to biodiversity next only
to human resettlement. A large number of
alien invasive weeds have invaded our
ecosystems and are threatening their
survival and productivity.
a) Management of IAWs that have already
entered the country: Majority of the
important weeds in India have been
introduced into the country in the past
either accidentally or deliberately. Some
of the major alien invasive weeds include
Lantana camara, Eichhornia crassipes,
Savlinia
molesta,
Parthenium
hysterophorus, Chomolaena odorata,
Mikania micrantha, Mimosa spp. etc.
These weeds (except aquatic ones) have
invaded vast areas of forest, grassland,
wastelands, and in some areas orchards
and plantation crops too. Lantana was
introduced in the year 1908 and since
then it has invaded almost all parts of the
country. Chromolaena odorata, earlier
restricted to NE region and Western
Ghats is now fast spreading to other
areas. Besides wastelands, grasslands
and cleared forests, it is proving to be
major weed in orchards and plantation
crops. In non-crop areas of Western
Ghats it has almost replaced Lantana
camara. Similarly Mikania micrantha,
which is popularly called mile-a-minute
weed on account of its rapid growth is a
big nuisance in forestry and plantation
crops in NE and South India. Similarly,
Parthenium hysterophorus is a serious
weed which has spread throughout the
country in a big way. These weeds are a
serious threat to the biodiversity or native
flora. Hence, management of such IAWs
is a great challenge to the weed research
scientists in the country as these are not
only adversely affecting the human and
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cattle health but some have now also
entered the crop fields, thus reducing crop
yields.
b) Management of future introductions of
AIWs: Increasing trade and globalization
coupled with liberalization policies will
further increase the risk of invasion by
such weeds leading to decrease in native
biodiversity, reduced productivity of
different ecosystems, reduced input-use
efficiency and increased production cost.
It is observed that a record number of
major weeds which exist in other
countries, are at doorstep awaiting entry
into the country. Therefore, we should be
careful in preventing their introduction into
the country. In order to prevent future
introductions, more weeds, particularly the
ones that are problematic in related
countries, need to be subjected to
rigorous Weed Risk Analysis (WRA).
There is also an urgent need to design
safeguards
and
strengthening
of
quarantine regulations to lower the risk of
their entry. Australia, New Zealand, USA
have developed detailed protocols for
WRA and for identification of quarantine
weeds. DWSR would foster collaborations
with the concerned organizations in these
countries to develop protocols for WRA
(DWSR vision document 2030).

2. Enhanced use of herbicides: Herbicides
are the most successful weed control
technology ever developed as they are
selective, cost effective, fairly easy to
apply, have persistence that can be
managed,
and
offer flexibility
in
application time. They are eco-friendly if
applied at proper dose, method and time,
besides being quite safer in comparison to
other pesticides like insecticides. In India,
around 96 per cent of the herbicides are
slightly to moderately toxic while more
than 70 per cent of the insecticides are
highly to extremely toxic. In general,
herbicides account for the largest
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

proportion of crop protection chemicals
sold on a world-wide scale. Globally,
herbicides constitute 50 per cent of the
total pesticides sale and in some countries
like USA, Germany and Australia, the
figure is as high as 60-70 per cent. In
India, however, the position is different as
herbicides form a meager 15 per cent of
total pesticide consumption. But still, the
consumption has increased rapidly from
4100 metric tonnes (MT) in 1988-89 to
11,000 MT in 2001-02 and it is likely to
further increase in future. It is estimated
that the herbicide market would grow at
over 10 per cent per annum.
Crop-wise herbicide usage in India
Wheat
57%

Others
9%

Soybean
4%

Plantation
6%

Nonselective
field
7%

Rice
17%

Herbicides have come as a big boon to
farmers in areas where the labour supply
is limited and wages are high. The major
impact was first felt in Punjab where most
of the agricultural operations are done by
immigrant labour. Other states where the
herbicide consumption is high are
Haryana, Western U.P. and Uttaranchal.
The advantages of herbicides over the
other methods are appreciated mostly in
wheat and rice crops in managing the
grassy weeds. Due to the morphological
similarities it is difficult to identify and
remove grassy weeds manually whereas
selective herbicides could kill them
successfully without causing any damage
to the crop. Further, the use of hoes and
other intercultivation tools is difficult in
these crops, as they are closely planted.
In addition in many regions the crop is
sown by broadcast thus making matters
still worse. Currently wheat and rice crops
account for 57 per cent and 17 per cent of
the total herbicide consumption in the
country.
The third field crop, where herbicides are
popular is soybean in which the area
under herbicides has increased from
4,25,000 ha in 2003 to 8,04,000 ha in
2004, accounting for 4 per cent of the total
herbicide consumption. Tea is another
crop where herbicides are extensively
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used. Being an organized sector manual
weeding is cost-prohibitive in tea. Though,
the herbicides are not very popular in
other crops at present, their use however,
is picking up in crops like fennel, onion,
potato, groundnut, maize, sugarcane,
vegetables etc. The data on herbicide
consumption shows that they are being
used in approximately 20 million hectares,
which constitute about 10 per cent of the
total cropped area (Yaduraju etal., 2006).
There is also a lot of regional variation in
herbicide consumption. For example, only
17 per cent of the total wheat acreage of
26 mha is being treated mostly in Punjab,
Haryana and western Uttar Pradesh.
Similarly only about 14 per cent area out
of 42 mha under rice is treated with
herbicides, almost entirely in transplanted
rice. As herbicide use in other crops at
present is very low, there exists a very
good scope for their use in future. Some
of the issues relating to the enhanced
herbicide use are discussed below:
a) Herbicide resistance in weeds:
Continuous
long-term
use
of
herbicides
can
result
in
the
development of resistance in weeds.
Recent instances of resistance to
isoproturon in Phalaris minor, an
important weed in wheat in parts of
Punjab and Haryana is a case in
point, which was evident in an
estimated area of nearly one million
hectares. The use of new herbicides
clodinafop,
fenoxaprop
and
sulfosulfuron
though
have
successfully contained the problem at
present, thus restoring the productivity
of wheat in this region which is
considered the wheat basket of the
country. This technology alone is
estimated to have saved wheat
production to the extent of 1.5 million
tonnes annually valued at Rs. 100
crores at current prices. The new
herbicides are currently used in an
area of about 1.8 million hectares.
Similarly
the
resistance
of
Echonochloa colona, a major weed in
rice to butachlor, one of the prominent
rice herbicide in several parts of the
country has posed a serious threat to
the sustainability of rice-wheat system
in the country. As the plant systems
have their own in-built mechanisms
for their defence, there is every
likelihood that herbicide resistance in
weeds will continue to be a problem in
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

the forseeable future as well. We
need to be watchful of similar
problems emerging in other crops and
cropping systems.
b) Herbicidal toxicity to succeeding
crop and environment: Although
herbicides are a boon to the
agricultural community in substantially
increasing crop yields, their use is not
without potential problems. Some of
the unintended negative impacts of
herbicide use are persistence in soil,
pollution of ground water, toxic
residues in food (contamination), feed
and fodder and adverse effect on nontarget organisms. The potential of
herbicides in contaminating the
ground
water
have
gained
considerable attention in recent years.
Some herbicides like triazine, diuron,
alachlor and metolachlor have been
detected in ground water in India.
Herbicides that are highly water
soluble and weakly adsorbed to soil
particles such as sulfonyl urea and
imidazolinone have potential for
contaminating the ground water.
There are indications that few
herbicides not only damage the
microbial population but crops too
when
applied
in
succession.
Notwithstanding such apprehensions,
herbicides would remain as one of the
major tools in weed management as
these offer huge benefits to the
farmers and as herbicide use is likely
to increase substantially in the future,
their judicious use is of utmost
importance.
c) Competitiveness in world market:
In the new WTO regime our products
have to be competitive both in price
and quality. Weed management forms
an important input in crop production.
At present the production costs are
very high as weeding operations are
performed mainly by manual labour
which is not only becoming scarce in
supply but also expensive. The
country is, therefore, losing on crop
production
heavily
due
to
inappropriate weed management
technologies being adopted. There is
big scope for reducing the cost of
production by adapting improved
weed management technology which
would also enhance the efficiency of
other inputs like fertilizers and
irrigation as weeds waste both these
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resources. In addition to herbicides,
resource conservation technologies
like zero- tillage can cut down the
production cost substantially without
penalizing productivity. The presence
of pesticide residues is another major
issue in world trade, which may be
used as a non-tariff barrier affecting
food exports. Although herbicide
consumption in the country is very low
at present, bulk of the herbicide use is
in wheat, rice and soybean while
commercial crops like groundnut and
some spice crops (e.g. fennel) also
consume some quantity of herbicides.
However, as the country is exporting
all these commodities we must ensure
that these do not contain any
herbicide residues.
d) Threat to native biodiversity: It is
observed that a large number of
indigenous flora possess medicinal
and
aromatic
properties.
The
increased use of herbicides in the
crop fields is likely to pose a serious
threat to the existence of such useful
native flora, which are existing since
time immemorial.
3. Weed shift:

a) Rainfed

farming:
Since
the
availability of water to agriculture will
be greatly reduced in future, the
importance of rain-fed and dry-land
agriculture will result in shift in weed
flora, development of problem weeds
difficult to control such as Orobanche,
Striga etc., besides reduced efficacy
of herbicides due to moisture stress.

b) Organic

farming: The growing
concern for human health and
sustainability of agricultural production
is giving way for organic farming in
some parts of the world. In view of
this, integrated weed management
practices
involving
non-chemical
methods such as mechanical and
cultural (zero tillage, conservation
tillage, plant residue management,
growing intercrops, cover crops and
green manure crops) would gain
importance.

c) Resource

conservation
technologies: Increased adoption of
resource conservation technologies
like zero tillage, bed planting etc., will
lead to reduced cost of cultivation,
better management of problem weeds
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like Phalaris minor in rice-wheat
system. In addition it may also result
in weed flora shift favoring the
perennial weeds besides increasing
the herbicide use.
4. Global climate change and crop-weed
interactions: The CO2 level in the
atmosphere has been rising owing to
various human activities such as burning
of
fossil
fuels,
deforestation,
industrialization urbanization etc. If the
present trend continues, the concentration
of CO2 in the atmosphere would be about
600 ppm accompanied by an increase of
1.50C - 4.50C in mean surface
st
temperature by the middle of the 21
century. As weed populations show
greater variations, it is possible that with a
changed global climate weeds too will
achieve a greater competitive fitness
against the crop plants and development
of new weed types.
5. Development of super weeds: Imparting
resistance
to
normally
herbicide
susceptible crops to produce herbicideresistant crops (HRCs) has been the most
extensively exploited area of plant
biotechnology. Resistance genes for
several herbicides or herbicide modes of
action have been incorporated into the
genome of corn, cotton, canola and
soybean which are now commercially
available. Remarkably, the global biotech
crop area increased more than fifty-fold in
the first decade of commercialization from
a meager 1.7 million hectares in 1996 to
90 million hectares in 2005. Herbicide
tolerance has consistently been the
dominant trait during all these years. In
2005 alone, herbicide tolerance, deployed
in soybean, maize, canola and cotton
occupied 71 per cent or 63.7 million
hectares of the global biotech area (90.0
million hectares).
Introduction of Herbicide Resistant Crops
(HRCs) besides helping in efficient
management of problem weeds with
minimum risk to the crop and increasing
the yields may also lead to development
of 'super weeds'. Their management will
be essential in the days ahead (DWSR
vision document 2030).
6. Reduction in manual weeding: Weed
control
through
manual/mechanical
though very effective, has certain
limitations such as unavailability of labour
during peak period, high labour cost,
involves
drudgery,
unfavourable
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environment particularly in rainy season
etc. In addition, the manual labour
traditionally being employed for weeding
is gradually becoming scarce and
expensive owing to rapid urbanization and
industrialization. Liberalization policies
and welfare activities initiated by the
Government coupled with diversification of
agriculture etc. will further limit the labour
availability. At present, an estimated 8 to
10 billion man-days are engaged in weed
control in a year which in other words
means that every Indian is involved in
weeding for at least 8 to 10 days in a year.
According to some estimates, by the year
2020, nearly 50 per cent of the population
would be living in urban areas, creating
unprecedented shortage of labour force
for use in agriculture. Therefore, in future,
management of weeds through improved
technologies involving herbicides and
improved weeding tools will attain more
significance which will result in labour
saving, better and timely weed control and
increased food production besides
promoting gender equality and reducing
human drudgery. The economic analyses
of the data obtained from large number of
trials and demonstrations carried out in
farmers’ fields through out the country
have also reflected higher levels of
productivity coupled with benefit:cost
ratios of over 2:1. In addition, the labour
saved (about 20-40 man days per
hectare) through adoption of improved
weed management practices, can be
utilized in other related and more
productive enterprises such as livestock
rearing, poultry, fishery, mushroom
cultivation, sericulture, bee keeping etc.
which would yield greater income. This
will also raise the esteem of women and
provide them with more free time which
can be devoted towards children,
sanitation, health care etc.
7. Biological
control
of
weeds:
Technologies employing natural systems,
biological organisms, bio-pesticides would
gain importance to overcome or reduce
the dependence on herbicides, wherever
possible. There is sufficient scope for
managing weeds at least in non-cropped
areas through the use of exotic insect
pests as has been successfully proved in
the management of Parthenium by the
Mexican beetle (Zygrogramma bicolorata),
water hyacinth by Neochetina spp. and
Salvinia by Cyrtobagous salviniae.
Looking to the various advantages in this
technology, the work on biological control
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of weeds will intensify in the future.
However, any biocontrol agent has an
associated risk to change its behaviour
and host specificity which may have to be
looked into with great depth and vision.
8. Management of parasitic weeds:
Parasitic weeds are posing problem in the
productivity of some of the major crops
and cropping systems. Cuscuta spp. is a
major problem in niger (Orissa, parts of
Madhya Pradesh and Chhattisgarh), in
lucerne (Gujarat), blackgram/greengram
(in rice-fallows of Andhra Pradesh),
berseem, lentil, linseed and chickpea
(parts of Madhya Pradesh). Some species
of Cuscuta also infest ornamental plants,
hedges and trees. Orobanche spp. is a
major parasite in tobacco in parts of
Karnataka, Andhra Pradesh, Tamil Nadu,
and Gujarat, mustard in parts of Gujarat,
western Uttar Pradesh, Rajasthan,
Haryana, etc., and more recently in
tomato and potato in Karnataka. Striga
spp. infest mostly sugarcane, maize,
sorghum and pearl millet grown in dry
areas in some parts of Karnataka,
Madhya Pradesh and Chhattisgarh.
Loranthus is noticed on economically
useful tree crops in southern states. The
most preferred host trees are mango,
neem, teak, Cassia spp., rose wood,
Dalbergia spp., Albigizzia spp., Terminalia
spp., rain tree, Pongamia spp., Gulmohar,
Madhuca sp., Ficus sp., etc. The problem
of perennial weeds is increasing
enormously. It is necessary to develop the
management technology for such weeds.
9. Aquatic weed management: India has a
total area of about 7 million hectares
under different kinds of water bodies such
as reservoirs, tanks, lakes, ponds, oxbow
lakes, derelict water and brackish water.
In addition about 1.7 lakh km is under
rivers and canals. However, the area
under these aquatic bodies is increasing
with the building up of dams, canals and
tanks for irrigation and fisheries
production. The aquatic weeds have been
found to increase the loss of water
through
transpiration,
interfere
in
navigation,
affect
fisheries,
mar
recreational value of water, severely
impede the flow of water in canals,
thereby reducing availability of water to
agriculture. The most prevalent method of
managing the menace of aquatic weeds is
their physical removal from the water
bodies which is highly laborious and
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expensive, besides the disposal of the
harvested material is also a big problem.
In view of the restricted use of herbicides
in aquatic bodies due to the multifaceted
use of water for purposes like fish culture,
irrigation, domestic use etc., use of
biological agents through insects like
Neochetina spp. and hydrophilic mite
Orthogalumna terebrantis against water
hyacinth, Cyrtobagous salviniae on
Salvinia molesta (water fern) and
herbivore fishes such as a common grass
carp (Ctenopharyngdon idella) against
small floating and submerged weeds
would be more prevalent. In depth and
more
comprehensive
eco-friendly
research work is required to be carried out
on the management of such weeds.
10. Exploitation of weeds for beneficiary
use: Weeds like water hyacinth,
Chromolaena,
Lantana,
Parthenium,
Ipomoea, etc., are rapidly spreading
through out the country at the cost of
other useful vegetation. Proper utilization
of such biomass through appropriate
technologies like vermicompost, mulch,
phytoremediation etc., may help in
supplementing chemical fertilizers besides
adding organic matter to the soil.
Utilization of weeds as a source of
ayurvedic medicines, bio-pesticides and
bio-fuel also has enough potential.
Technology for using weeds for making
paper, particle boards, furniture etc., has
to be developed ahead. Such activities
are expected to raise income and
employment opportunities.
11. Awareness raising and technology
transfer
The weed management technologies
have not reached the farmers at the same
pace as happened in case of varieties,
fertilizers and insecticides. One of the
main reasons could be that unlike other
pests, the losses caused by weeds are
invisible and many a time these are
ignored by the farmers in spite of the fact
that they cause maximum losses. Lack of
awareness regarding losses caused by
weeds and ways to control them are still
the major reasons for poor adoption of
weed
management
technologies.
Therefore, there is a great need to
popularize the cost-effective weed
management
technologies.
Another
important reason for the lower impact
could be the inadequate awareness
among farmers of the new technologies.
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The set up in many states is lethargic and
inefficient . Many extension agencies do
not give much attention on weed
management that it deserves. As a result
of which the adoption of herbicides is also
skewed. As they are more popular in rice ,
wheat, tea and soybean only that too in
few states like Punjab, Haryana, Madhya
Pradesh, Tamil Nadu, Andhra Pradesh
and Gujarat. In some places because of
poor demand of herbicides that are not
commercially available to those interested
in using them. Therefore, there is a strong
need to work in collaboration with
herbicide industry/private sector to correct
this imbalance and on the other hand, the
cost-effective
weed
management
technologies through field demonstrations,
electronic
media,
trainings
and
participation in Kisan melas, etc need to
be popularized. It is important to involve
farmers in testing and refinement of the
technologies. Efforts should also be made
to study the impact analysis of weed
management
technologies.
The
Directorate would intensify technology
awareness and transfer activities by
bringing out technology capsules both in
printed and electronic versions and
distributing them to all KVKs, SAUs,
NGOs etc. AICRP-WC directorate would
translate them into the respective local
languages
and
take
up
further
dissemination for the benefit of all
stakeholders. Since private sector is
emerging as a strong force in technology
generation, acquisition and transfer,
suitable mechanism of linkage between
public and private sector in assessing and
transferring appropriate technologies in a
complementary
fashion
should
be
enforced. Therefore, there is a great need
to popularize the cost-effective weed
management technologies. Although the
increased
number
of
herbicides
introduced into the Indian market is a
reflection of the popularity of the
herbicides as a tool for weed
management (DWSR vision document
2030).
Finally
proper
weed
management
technologies can result in an additional
income, which can increase the share of
agriculture in India's GDP. Thus, the increase
in agricultural productivity will eventually result
in significantly increasing the country’s overall
GDP and its growth rate. The socio-economic
status of the farming community especially the
rural poor will improve. Human drudgery
involved in manual weeding will decrease and
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more gender equality will prevail, providing
more time for rural women and youth to take
up other subsidiary and more remunerative
activities like sericulture, bee keeping etc. Our
environment will be clean and native
biodiversity will be preserved. At the end,
proper weed management would strengthen
the food security scenario and also alleviate
the fears of food insecurity in the country by
resulting in significantly increased food
production.
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Environmental fate of herbicides
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Introduction
The application of herbicides is an
integral part of present day agriculture.
Though the consumption of herbicides in our
country is well below that in developed
countries, the trend is going upward due to
more expensive manual labor. Therefore, from
the very beginning of this increasing trend we
can care for safer herbicide application by
utilizing the experience on the ill effect of
herbicides in developed countries. For this, it
is essentially required to know the fate of
herbicides in our environment.
An herbicide, after being applied to
the target, is transported into different
compartments. The degradation processes
also start acting upon the herbicide
immediately after its application. The rate and
type of degradation depend on the
compartments’ chemical environment, which
are either abiotic, or biotic, or both. The
environmental fate of herbicide is, thus, the
collective process of the removal of any
applied herbicide from its original site of
application
under
the
influence
of
environmental factors.
1. Transportation in the environment
The target of herbicide application is
indeed the unwanted flora in crop field. The
more the herbicide absorbed by the weed, the
more will be the efficiency of that herbicide.
But in fact a little portion of applied herbicide
is absorbed by weed plants. A substantial
portion is adsorbed on the soil colloid. And the
rest is transported to different compartments
of our environment (Fig.1). The rate and type
of transportation depends on many physicochemical factors of the herbicides and the
environment, as well. Herbicide is transported
to crop by passive absorption process. It is
transported to the atmosphere by drift or by
simple volatilization of its molecule causing
non-point source of pollution. The other
sources of non-point pollution are leaching of
herbicides contaminating ground water and
runoff contaminating surface water.
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1.1 Absorption by crop
Herbicide dissolved in the soil-water
moves into seeds or seedlings as these
structures absorb water from the soil. Thus,
absorption is a passive process. Soil-applied
herbicides can be absorbed by plant roots.
Foliar pesticides also may end up in the soil,
but are more likely to be intercepted and
absorbed by the plant canopy. Once
absorbed, herbicides can be stored inside or
broken down by the plant tissues, or they may
pass through. Finally it may come into the
edible portion of plant, in consequence of
which
the
entire
food
chain
gets
contaminated.
1.2 Adsorption on soil surface
A large portion of herbicide present in
the soil is bound to soil colloids (clay and
organic matter), and this herbicide is less
readily available to plants than the herbicide
present in the soil solution. Conditions which
favor movement of the herbicide into soil
solution tend to increase absorption by plants.
Adsorption of herbicides to soil colloids occurs
due to the attraction between charges on soil
colloid surfaces and herbicide molecules. In
most situations, the charges are relatively
weak and thus the process is reversible.
Equilibrium is reached between the amount of
herbicide bound to colloids and that found in
solution. The ratio of bound to free herbicide
is influenced by several factors, including
chemical properties of the herbicide, soil
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characteristics and soil water content.
Herbicides are more active under conditions
that favor movement into the soil solution.
Ionic
herbicides,
viz.
paraquat
dichloride, diquat dichloride, salt of 2,4-D, salt
of glyphosate, etc. are easily and strongly
withheld by the opposite charges on clay
surfaces. Therefore, the adsorption of ionic
herbicides is more in the soil having higher
clay content. That is why the adsorption of
paraquat is higher in the clay soil compared
to the sandy loam. Some times the presence
of copper and amorphous oxides of iron, and
aluminium increases the adsorption of
herbicides, as it was seen in the case of
glyphosate. Glyphosate can coordinate to
copper
resulting
copper-glyphosate
complexes, which probably have higher ability
to be adsorbed on the soil than on the free
glyphosate. But most of the herbicides are
non-ionic in nature. Soil organic matters play
the major role to adsorb those non-ionic
herbicides which are lipophilic in nature.
Organic matter can broadly be classified into
humic and non-humic, either of which are
responsible for the adsorption of herbicides in
soil. Humified substances are stronger
sorbents due to the presence of functional
groups of different polarities like carboxylic,
phenolic, enolic, carbonyl, hydroxyl etc.
Adsorption of most of the herbicides, either
ionic or non-ionic, increases with the organic
matter content in the soil. The amendment of
soil with compost or FYM enhances
significantly the adsorption of herbicides.
Herbicide adsorption can result in
reduced pest control. For example, weeds
may not be controlled if an herbicide is held
tightly to soil particles and cannot be taken up
by the roots of the target weeds. Some
herbicide-labels
recommend
higher
application rates when the chemical is applied
to adsorptive soils. Conversely, plant injury
can be another problem arising from the
adsorption of herbicides to soil particles. A
pesticide applied to a previous crop may
remain available in concentrations great
enough to injure a sensitive rotational crop.
Such herbicide carryover may also lead to the
presence of illegal residues on rotational food
or feed crops. On the contrary, if the majority
of herbicide remained in solution the herbicide
would rapidly leach through the soil profile or
leave the field with runoff. Rapid leaching of
herbicides can cause two problems: 1) since
the majority of weed seedlings germinate in
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the upper inch of soil, disappearance of the
herbicides from this zone results in ineffective
weed control; and 2) rapid leaching causes
the movement of the herbicide into
groundwater. Therefore, to be effective and
safe, a pre-emergence herbicide must have
properties that result in the majority of
herbicide being bound to soil colloids with only
a small amount remaining in solution.
1.3 Runoff
Runoff is the movement of water over
the land surface. It occurs when water
accumulates on the land surface faster than it
can infiltrate the soil. Herbicides can be
moved by runoff when they are either
dissolved in the water or bound to eroding soil
particles. When runoff originates near
seasonal or permanent streams, rivers,
ponds, or lakes, or their tributaries, herbicides
may contaminate the surface water.
Herbicides residues in surface waters can
cause injury to crops, livestock, or humans if
the contaminated water is used downstream
and also can lead to contaminated
groundwater. The amount of the herbicide in
runoff water is a function of site-related factors
such as the slope of the land, and the soil
moisture content; climatic factors such as
temperature, and the amount and timing of
rainfall; and soil-herbicide-water interactions
such as the solubility and adsorptivity of the
herbicide and the erodibility and texture of the
soil.
1.4 Leaching
Leaching occurs as water moves
downward through the soil. Several factors
influence the leaching of herbicides. These
include the solubility of the herbicide in water.
An herbicide that is dissolved in water can
move readily with the water as it seeps
through the soil. Soil structure and texture
influence soil permeability (how fast the water
moves through soil) as well as the amount
and persistence of pesticide adsorbed to soil
particles. Adsorption is probably the most
important factor influencing leaching of
herbicides. If an herbicide is strongly
adsorbed on soil particles, it is less likely to
leach. Groundwater contamination is a major
concern associated with the leaching of
pesticides. Potentially leachable herbicides
are those having water solubility of >30 mg kg
1
; soil/water distribution constant (Kd) <5; soil
organic carbon/water partition coefficient
(Koc) 300 to 500; Henry’s law constant (H) <
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1 Pa m3 ml ; full or partial negative charge at
ambient pH; a hydrolysis half-life > 25 weeks;
photolysis half-life >1 week and soil half-life >
2 to 3 weeks. Thus, the potential for an
herbicide to leach depends mainly on the
chemical and physical properties of the
pesticide and of the soil.
1.5 Volatilisation and evaporation
‘Volatilization’ is the process of
sublimation of a solid into a gas and
‘Evaporation’ involves the transformation of a
liquid compound to its vapor phase. Once
volatilized or vaporised, an herbicide can
move in air currents away from the treated
surface, a phenomenon known as vapor drift.
Vapor drift differs from dust or spray drift in
that it occurs after the pesticide is completely
deposited onto treated surfaces. Highly
volatile pesticides often are incorporated into
the soil through tillage or irrigation soon after
application to reduce their potential for loss to
the atmosphere. This helps limit volatilization
by reducing the amount of exposed herbicide
on the soil surface. For an instance, 90% of
applied trifluralin was lost from a moist soil
surface within 7 days of application. But when
it was applied as soil incorporation to the
depth of 7.5 cm, only 22 to 24 % losses took
place.
The volatilization rate of a pesticide
from deposits on soil or plant surfaces
depends primarily on the vapor pressure of
the pesticide, the nature of the surface upon
which the pesticide is deposited and climatic
conditions. Environmental factors that favor
volatilization
include
increasing
air
temperatures and movement, low relative
humidity, and high temperature at the treated
surface. Herbicides also volatilize more readily
from coarse-textured soils and from those with
high moisture content. Volatilization may
reduce the control of the target pest, because
lesser amount of pesticide remains at the
target site. Vapor drift also can lead to injury
of non-target species.
2 Degradation in the environment
Thus, herbicides applied either on the
soil surface or on the plant canopy, are
distributed in different compartments, viz.
ground and surface water, soil system,
atmosphere, and plant and animal tissues.
Here, these organic molecules get exposed
towards reactive species like super oxide,
peroxide, and singlet oxygen; or towards
enzymes of microbes, plants and animals. In
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nature, both of the abiotic and biotic forces act
on the same molecule. Initially, the abiotic
components like super oxide, peroxide, etc.
degrade a complex molecule into smaller
fragments exposing the functionalities, which
in turn can easily be trapped by enzymes. The
enzymatic processes degrade the herbicide
and its metabolites until these organic
components are mineralized. Thus, the
degradation of any organic compounds is the
result of an integrated approach of nature
involving both abiotic and biotic processes
simultaneously.
2.1 Chemical Degradation
Herbicides come in contact with soil
or water and face the action of soil colloids
and organic matters, chemically reactive
species in water, pH of the media,
temperature and moisture. Under the
influence of these factors herbicides may
undergo degradation. Hydrolysis is the key
chemical reaction that degrades many
herbicides, viz. organophosphates and
sulphonylureas. Most of the hydrolysis of
herbicides is pH-dependent. Hence the pH of
soil determines the persistency of herbicides.
Rapid hydrolysis decreases their biological
activity.
2.2 Photochemical degradation
Earth surface receives ultraviolet light
between 290 and 400 nm to the extent of 5 to
6 % of the total solar electromagnetic
spectrum. Organic molecules like pesticides
which can absorb the light within this range
may undergo bond breaking and bond making
processes, i.e. photochemical reaction. Some
herbicides can directly absorb UV light and
undergo photochemical reaction. This is
known as ‘direct photoreaction’. There are
many herbicides that cannot absorb UV light
directly. Some organic compounds, known as
photosensitisers, absorb UV portion of
sunlight and immediately emit the energy as
triplet energy. UV-insensitive herbicides may
absorb this triplet energy and undergo
photoreaction. This process is called
‘sensitized or indirect photoreaction’.
Herbicides undergo wide variety of
photochemical
reactions
such
as
isomerisations, oxidations, dehalogenations,
de-hydrohalogenations,
hydrolysis
and
dimerisations.
Organic
and
inorganic
chromophores in aqueous environments
sensitize the photochemical reaction. Humic
substances in soil and aqueous phase and
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some inorganic compounds like nitrate, nitrite
and trace metals can enhance the rate of
photoreaction of herbicides.

compound and the enzyme hydrolase
catalyses the hydrolysis of that. Thus, a
variety of biochemical reactions including
oxidation, reduction, hydrolysis, hydroxylation,
decarboxylation, deamination, dehalognation,
dealkylation, dealkoxylation, dealkylthiolation
and conjugation with sugars, amino acids or
peptides can act on herbicides and their
degraded products. For the complete
degradation of an herbicide, those varieties of
reactions are required.
2.4 Degradation in plants

2.3 Microbial degradation
Soils are complex mixture of
weathered minerals, and organic debris of
plant- and animal-origin. Soils also contain
wide variety of plants, animals and
microorganisms. Microorganisms in the soil
include algae, fungi, actinomycetes, and
bacteria. They extract energy and C, N, S
from organic sources. Microorganisms also
extract energy by degrading herbicides. These
degradation reactions are catalyzed mostly by
the extracellular enzymes secreted by
microorganisms. Some herbicides may be
modified by microorganisms but do not serve
as nutrient source. This type of metabolism is
called cometabolism. No growth of microbial
population occurs and no population develops
during the cometabolism of the herbicides.
Hot and humid conditions of the tropics and
subtropics cause more rapid breakdown of
certain biodegradable pesticides than cooler
conditions in temperate environments. The
enzymes or enzyme-consortia released by the
microorganisms
govern
the
type
of
biochemical reaction to cleave the herbicide
molecule. For example, the oxidase type of
enzyme influences the oxidation of the organic
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Plants don’t have a specific organ as
highly active in pesticide degradation as the
mammalian liver. The leaves and roots are the
likely centers of herbicide metabolism. Plants
metabolise herbicides through a series of
intermediates ultimately to insoluble “terminal”
residues that remain in plants during its life.
The oxidation reactions of herbicides are
frequently primary reactions. These reactions
include
N-dealkylation,
O-dealkylation,
aromatic
hydroxylation,
alkyl
oxidation,
epoxydation, desulfuration, sulfur oxidation,
ester hydrolysis and nitrogen oxidation. Most of
these oxidation reactions are catalysed by
mixed function oxidases (mfo), peoxidases and
other oxygenases. For example, the mfo
systems hydroxylate 2,4-D into 2,5-dichloro-4hydroxy phenoxyacetic acid in cucumber
leaves. Reduction of herbicides is less
prevalent in plant system. The herbicide
dinoben is reduced to chloramben by an aryl
nitroreductase from soybean roots. This
enzyme requires the association of either
NADPH or NADH as cofactor to express its
catalytic activity. Hydrolysis of esters, amides
and nitriles are common reaction in plants. The
herbicide
propanil
is
hydrolysed
by
arylacylamidase enzyme from resistant rice.
The metabolites formed due to these reactions
have different functional groups, which bind
sugars or amino acids or glutathione forming
conjugates.
2.5 Degradation in animals
Once an herbicide enters the animal
body through ingestion, inhalation or dermal
absorption, it is subject to metabolism by a
variety of mechanisms. Herbicides are
considered
essentially
as
lipophilic
compounds containing certain functional
groups that may undergo bio-chemical
reactions. These reactions lead to the
formation of compounds that are more polar
than the parent molecule and more easily
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excreted from the body. Therefore, most
metabolic transformations of pesticides are
detoxification processes. In animal system,
herbicides are bioaltered to more polar
metabolites through various reactions, viz.
dehydrohalogenation,
dehalogenation,
desulfuration,
epoxydation,
oxidation,
reduction, hydrolysis, isomerisation, etc.
These polar metabolites with reactive
functional groups conjugate with glucuronic
acid, glutathione, etc.

Katagi

Conclusion
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It is really a hard task to reveal
precisely the complete transformation of any
herbicide in the environment, albeit there are
many studies available on the degradation
either by biotic factors or by abiotic factors.
But in nature there is no such separate entity
of these two. Chemical degradation,
phototransformation
and
enzymatic
degradation- all three are highly interlinked. It
is now absolutely essential to adopt integrated
approach to know the fate of herbicides in
agroecosystem and other parts of the
environment. Also more attention should be
needed on the study of the fate and toxicity of
metabolites.
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Climate Change and Weed Management: Challenges and Strategies
Bhumesh Kumar
Directorate of Weed Science Research (ICAR)
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Change in any climatic factor
influences not only the performance of an
organism but also impact interaction with
other organisms at various stages in their life
history. Global industrialization resulted in
production of greenhouse gases and
continues at its alarming pace. Carbon dioxide
is one of the major contributors of greenhouse
gases which had a significant impact on plant
metabolism and performance. Although, there
is broad agreement that higher atmospheric
CO2 levels enhance photosynthesis in C3 crop
plants, yet, no such clue is available on how
rising CO2 levels will affect the physiology of
associated weeds, which provide a tough
competition to the crop plants. The argument
that rising atmospheric CO2 concentration will
reduce weedy competition because the C4
photosynthetic pathway is over represented
among weed species (e.g. Holm et al., 1977)
does account neither the range of already
available C3 weed species, nor those
environmental factors (e.g. precipitation and
temperature) which may influence their
relative proportion following emergence
leading to the change in crop-weed
interaction.
Common agricultural weeds evolved
in response to domestication of wild plants
and continue making a significant loss to
agricultural production. However, what is real
mechanism of unwanted weed growth in
abundance to the despair of the farmers is still
unclear. The atmospheric CO2 concentration
is continuously increasing and perhaps will be
double by the end of this century (IPCC,
2007). It is well established that plants grown
under elevated CO2 exhibit enhanced
photosynthesis and biomass production ‘at
least’ during the short term exposure (Ziska
and George, 2004). Till date, only a few
studies have focused on the impact of high
CO2 concentration on the response of weeds
and their interaction with crop plants which
significantly can influence the yield potential.
Poorter (1993) reviewed the literature on the
growth response of plants to an elevated CO2
concentration and suggested a large interspecific variation in growth stimulation which
was found to be larger for C3 species than for
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

C4 plants (41% for C3 vs. 22% for C4). Most of
the terrestrial plants respond positively to the
atmospheric CO2 enrichment by increasing
there photosynthetic rates and biomass
production. However, greater responsiveness
of weeds to high CO2 atmosphere as
compared to crop plants might be a point of
focus and concern for scientists, and if it
happens, then weeds may increase their
dominance in agro ecosystem. In several
studies, weeds have been shown to increase
their growth and productivity in response to
atmospheric CO2 enrichment (Rogers et al.,
2008; Awasthi and Kumar, 2010). Further, it
was emphasized that greater promotion of
water use efficiency in weed species than
crops species might convey a competitive
advantage to the weeds and by virtue of that
weed species may be more invasive in a
future high-CO2 world.
Varying response of crop and weed
species to the increasing atmospheric CO2
concentration
may
change
weed–crop
competition and hence crop yield. In order to
evaluate the impact of rising atmospheric CO2
on crop production losses due to weeds
(Ziska, 2000) suggested that (i) rising CO2
would increase yield losses due to competition
with weeds; (ii) weed control will be crucial in
realizing any potential increase in economic
yield of agronomic crops; and (iii) instead of
C4 weeds, C3 weeds would pose more
serious threat to crop production in future high
CO2 atmosphere.
In developing countries like India, a
less quantum of work has been done, so far,
on the subject especially with regard to impact
on crop-weeds interaction. However, some
research work is evident on the effect of
elevated CO2 on crop plants. Uprety et al.
(1995) observed that drought susceptible
species, viz. Brassica campestris and B. nigra
responded to elevated CO2 markedly as
compared to less sensitive B. carinata and B.
juncea plants in terms of increased stomatal
resistance and/or increased root growth and
hence, improved water status of plants.
Increase in biomass at high CO2 concentration
was noticed in rice (Uprety et al., 2002),
mungbean (Srivastava et al., 2001; Das et al.,
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2002) and mungbean and weed species
(Euphorbia geniculata and Commelina diffusa)
(Awasthi and Kumar, 2010).

may have been a factor in the selection of
weed species and may be contributing factor
of invasiveness of these species.

Plants exposed to elevated CO2 often
show increased growth and water use
efficiency (Allen and Amthor, 1995). Elevated
atmospheric CO2 attracts biological scientists,
especially ecologist and plant physiologist,
because of the potential biological impacts
from CO2 induced global warming and from
direct effects of elevated CO2 on vegetation
that are independent of global warming.
Recently, most of the research has been
focused on the effect of CO2 enrichment on
plant growth, leaf photosynthesis but only few
studies have examined the effect of elevated
CO2 on at metabolic and molecular level. The
ability of plants to respond to future elevated
CO2 levels will undoubtedly hinge upon
physiological characteristics such as sink
strength, efficiency of N and water use and
photosynthetic pathway. The exclusive use of
gas exchange data to predict plant success
has been over-valued and over-represented in
literature addressing plant response to
elevated CO2. However, performance of a
particular crop can not be predicted on the
basis of performance of an individual plant but
need to be studied at various levels
considering the interaction with other
organisms and environmental factors i.e.
interactions between crop-weeds, crop-insects
and crop-microorganisms.

Future challenges

Different plant species respond
elevated CO2 in different ways starting right
from germination up to maturity depending
upon their growing habits and photosynthetic
pathways and several other metabolic
processes (Bunce, 1993). Crops and weeds
co-exist in agriculture system and certainly a
point of focus among scientists, agriculturists
and environmentalists. Numerous studies can
be found in literature regarding the cropsweeds interaction in field conditions
suggesting that weeds pose a very serious
and potential threat to agricultural production
resulting approximately one third yield loss by
virtue of their competitiveness with special
mention to “noxious” or “invasive” weeds like
Euphorbia geniculata which outplay the crop
plants in almost every aspect and led to big
loss to crop production in India. Recently,
focus of agriculture scientists turned towards
crops-weeds competitiveness in high CO2
environment (Ziska and George, 2004) and it
was suggested that possibly recent increases
th
in atmospheric CO2 during the 20 century
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Several questions need to be
answered by researchers regarding weeds
and weed management under climate change
conditions, the most important are:
 How elevated CO2 and other associated
factors will affect crops, weeds, and
associated micro-organism?
 How changes in climate will affect the
relative competitiveness of crop, weeds
and microbes?
 How efficacy of herbicide will be change
under climate change conditions?
 What
effects
does
increased
temperature (global warming) have on
weeds?
 How does a change in precipitation
(seems to be almost certain) effect
weed growth?
 What is physiological and molecular
basis and mechanism of dominance?
 Is it possible to sustain/increase the
productivity of crops in change climate?
 Can we borrow something from the
weeds to strengthen crops? If yes,
what?
 If climate change/CO2 alters weed
biology, will this impact human health?
How elevated CO2 will affect crop, weeds
and associated micro-organism and their
competitiveness?
Weeds are a reservoir of genetic
diversity. Consequently, if a resource (light,
water, nutrients or CO2) changes within the
environment, it is more likely that weeds will at
more advantage than crop. It can be argued
that many weed species have the C4
photosynthetic pathway and therefore will
show a smaller response to atmospheric CO2
relative to C3 crops. However, this argument
does not consider the range of available C3
and C4 weeds already present in any
agronomic system. Currently, more than 450
“troublesome” weed species (both C3 and C4)
associate with approximately 50 major crops
throughout the world. Hence, if a C4 weed
species does not respond, it is likely that a C3
weed species will. In addition, many
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researchers recognized that the worst weeds
for a given crop are similar in growth habit or
photosynthetic pathway; indeed, they are
often the same uncultivated or “wild” species,
e.g. oat and wild oat, sorghum and
shattercane, rice and weedy rice.
To date, for all weed/crop competition
studies where the photosynthetic pathway is
the same, weed growth is favored as CO2 is
increased. In addition to agronomic weeds,
there is an additional category of plants that
are considered “noxious” or “invasive” weeds.
These are plants, usually non-native whose
introduction results in wide-spread economic
or environmental consequences. Many of
these weeds reproduce by vegetative means
(roots, stolons, etc.) and recent evidence
indicates that as a group, these weeds may
show a strong response to recent increases in
atmospheric CO2 (Ziska and George, 2004).
How rising CO2 would contribute to the
success of these weeds in situ however, is still
unclear. Overall, the data that are available on
the response of weeds and changes in weed
ecology are limited. Additional details,
particularly with respect to interactions with
other environmental variables (e.g. nutrient
availability, precipitation and temperature) are
also needed.
What effect does elevated temperature
have on weeds?
Rise
in
atmospheric
CO2
concentration and other gases like ozone and
methane associated with concurrent increase
in
temperature
affects
growth
and
development of plants (IPCC, 2007). Increase
in temperature is the phenomenon associated
with the ‘greenhouse effect’. Sionit et al.
(1987) pointed out differences in temperature
optima for physiological process in C3 and C4
species and suggested that C4 species will be
able to tolerate higher temperature change
associated with high CO2 concentration than
C3 species. Therefore, C4 weeds may benefit
more than the C3 crops from any temperature
increase associated with elevated CO2 levels.
Temperature plays an important role in
biological and metabolic activity, defining the
length of the available season suitable for
growth, phonological development, incidence
of heat or freezing stresses, and the level of
enzymatic
activity
associated
with
photosynthesis,
respiration
and
other
metabolic pathways. Plant growth and
development are reduced or halted at low
temperatures, cells are damaged by freezing
temperatures, and high temperatures can be
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

devastating during flowering and initial stages
of yield formation. The interaction of these
factors will determine the impact on crop
productivity, management, and economics of
agriculture under climate change. Increasing
temperatures may cause an expansion of new
weeds into temperate regions. Invasive weeds
that are currently found in the south and
central part of the country and are limited in
the northern hilly states due to low
temperature. An increase in temperature due
to climate change (global warming) may
cause an expansion of weeds towards north
hilly regions. In USA, many C4 grass weeds
are serious problems in the southern U.S. but
do not occur at problem levels in the U.S. corn
belt. Studies have shown that itchgrass, a
profusely tillering, robust grass weed could
invade the central Midwest and California with
only a 3 ° C warming trend (Patterson, 1995).
Witchweed, a root parasite of corn, is limited
at this time to the coastal plain of North and
South Carolina, however, with an increase of
temperature of 3° C it is speculated that this
parasite weed could become established in
the Corn Belt with disastrous consequences.
Similarly, the current distribution of both
Japanese honeysuckle and kudzu is limited by
low winter temperatures which may be further
expand its invasion into the cooler regions by
several hundred miles in USA. In India, not
much work has been done on this aspect, but
DWSR has taken initiative to study the climate
change effects on weed management.
How does a change in precipitation effect
weed growth?
With the rise in concentration of
atmospheric greenhouse-gases and average
temperature, global average precipitation will
increase, however it will also lead to changes
in the timing and regional patterns of
precipitation. Changes in the pattern of the
rainfall will cause the alteration in the water
availability which eventually will lead to weed
shift. Response to drought in agronomic
conditions is dependent on species and
cultural conditions. Any factor which increases
environmental stresses on crops may make
them more vulnerable to attack by insects and
plant pathogens and less competitive with
weeds (Patterson, 1995).
Will weed management be affected under
climate change conditions?
Any direct or indirect effect from a
change in climate will definitely have a
significant impact on management of weeds.
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Changes in temperature, wind speed, soil
moisture and atmospheric humidity can
influence
the
efficacy
of
herbicides
application. For example, drought can result in
thicker cuticle development or increased leaf
pubescence, with subsequent reductions in
herbicide entry into the leaf. Overall,
pesticides are most effective when applied to
plants that are rapidly growing and
metabolizing,
i.e.
those
free
from
environmental stress. But does rising CO2 per
se alter chemical management? There are an
increasing number of studies (Ziska and
George, 2004) that demonstrate a decline in
chemical efficacy with rising CO2. The basis
for this reduction is unclear. Recent work with
Canada thistle grown in monoculture under
field conditions suggested a greater root to
shoot ratio and subsequent dilution effect of
glyphosate when grown at elevated CO2
(Ziska and George, 2004). However, it is not
clear if this is a ubiquitous response. In any
case, if CO2 does reduce efficacy, then
additional work is needed to determine
herbicide specificity, concentration and
application rates as possible means of
adaptation. Biological control of weeds by
natural or manipulated means is likely to be
affected by increasing atmospheric CO2 and
climatic change. Climate as well as CO2 could
alter the efficacy of weed bio-control agents
by potentially altering the development,
morphology and reproduction of the target
pest. Direct effects of CO2 would also be
related to changes in the ratio of C: N and
alterations in the feeding habits and growth
rate of herbivores. As pointed out by
Patterson (1995), warming could also result in
increased insect populations and changes in
their potential range. However, this could
increase both the biological control of some
weeds, yet, it could also increase the
incidence of specific crop pests, with
subsequent indirect effects on crop-weed
competition. Overall, synchrony between
development and reproduction of bio-control
agents and their selected targets is unlikely to
be maintained in periods of rapid climatic
change or climatic extremes. Whether this will
result in a positive or negative benefit remains
unclear. Tillage (by mechanical means) is
regarded as a global method of weed control
in agronomic systems. Elevated CO2 could
lead to further below ground carbon storage
with subsequent increases in the growth of
roots or rhizomes, particularly in perennial
weeds (see Rogers et al., 2008 for a review).
Consequently, mechanical tillage may lead to
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additional plant propagation in a higher CO2
environment,
with
increased
asexual
reproduction from below ground structures
and negative effects on weed control (e.g.
Canada thistle, Ziska and George, 2004).
In nutshell, there are many strong
reasons for expecting climate and/or rising
CO2 to alter weed management. Adaptation
strategies are available, but the cost of
implementing such strategies (e.g. new
herbicides, higher chemical concentrations,
new biocontrol agents) is a matter of further
extensive research work. Herbicide use is
controlled by individual state regulations. If an
increase in CO2 and temperatures allow
invasive weed species to expand their
geographical locations new herbicides may be
needed to combat them. Often it takes a
period of time to receive state approval of a
new chemical or a chemical that has not been
previously used.
If climate change/CO2 alters weed biology,
will this impact human health?
Weeds ‘in general’ are recognized by
public as significantly affecting human health
either through allergenic reactions, skin
irritations, mechanical injury or internal
poisoning (Ziska, 2001). For the most part, we
are only in the initial stages of quantifying how
changes in climate and/or CO2 may affect
those specific weeds associated with public
health. One exception has been changes in
pollen production and allergenicity in common
ragweed (a recognized cause of allergic
rhinitis) with changing CO2 and temperature in
both indoor (Wayne et al., 2002) and in situ
experiments
(Ziska,
2003).
Additional
research on how rising CO2 can affect both
poison ivy growth and toxicity is currently
ongoing. No information is available on how
CO2 could alter the toxicity of secondary
compounds associated with mortality in weedy
species.
What
is
physiological
mechanism of dominance?

basis

and

Nitrogen fixation and gas exchange
are important aspects which are expected to
be influenced at high CO2 concentration. A
positive effect of CO2 enrichment on nodule
growth and development was observed in
term of fresh weight, size and functionality of
nodules (Lee et al., 2003; Awasthi and Kumar,
2010). An increase in N2-fixation at elevated
CO2 could result form an increase in nodule
size, nodule number per plant, or an increase
in specific nitrogenase activity. Presence of a
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positive feedback loop between nitrogen
fixation and photosynthesis has been
advocated and emphasized that such
feedback may be an important way in which
the potential carbon drain of nitrogen fixation
on the host plant could be compensated in
terms of increased nitrogen availability and
these two factors together stimulate the
growth and development of plants (Arnone
and Gordon, 1990). Increase in rate of
photosynthesis and instantaneous water use
efficiency was observed in mungbean and
Commelina diffusa when plant were subjected
to CO2 enrichment. On the other hand,
stomatal conductance, rate of transpiration
and transpiration cooling were decreased at
elevated CO2 as compared to that at ambient
CO2 in mungbean and Commelina diffusa and
at both the sampling stages. However,
variation to the above results, exposure of
Euphorbia geniculata plants to high CO2 led to
increase in stomatal conductance and
transpiration and hence transpirational
cooling, and decrease in instantaneous water
use efficiency despite of increase in rate of
photosynthesis. These unusual results in
Euphorbia geniculata may be a point of focus
for future studies and may be considered as a
unique adaptive potential of this weed to grow
in adverse conditions. In summer crops, high
temperature is always a threat for the
operation of a number of metabolic reactions
and situation even become worse due to rise
in temperature associated with high
atmospheric CO2 level. Transpirational cooling
is a way to keep plants cool at high
temperature, thus enables plant to sustain
functionality of many temperature sensitive
reactions, and hence achieve good growth in
adverse conditions. In present study, high
growth of Euphorbia geniculata at elevated
CO2 can be ascribed ‘at least partly’ to its
ability to maintain high transpiration and
transpiration cooling at high temperature at
elevated CO2. However, this ability of this
weed species might be considered as a
potential threat to crop species like mungbean
as it act as drain of available resources too. If
it is so, then definitely crop-weed interaction
will be change in favour of weeds in high CO2
atmosphere. Further, some more efforts at
biochemical and molecular level are required
to unravel the puzzle of crop-weed interaction.
At present, no evidence for high transpiration
rate and stomatal conductance is available in
literature, thus need further investigation on
this aspects (Awasthi and Kumar, 2010).
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Carbonic anhydrase is an important
enzyme which catalyses the reversible interconversion of CO2 and HCO3 and is widely
distributed in all plant species (Ynalvez et al.,
2008). It plays a fundmental role in many
physiological
processes
including
decarboxylation
and/or
carboxylation
reactions of photosynthesis. Elevated CO2
resulted an increase in activity of carbonic
anhydrase in mungbean and weed species
Euphorbia geniculata and Commelina diffusa
as compared to that at ambient CO2 (Awashti
and Kumar, 2010). Proteins, being a
macromolecule, play an important role for any
living
organism
including
plants.
Unfortunately, not much work has been taken
up to explain the extent and nature of the
effects of elevated CO2 on protein metabolism
in plants. In a study at DWSR (Awashti and
Kumar, 2011), increase in soluble protein in
leaves was observed which can be
considered as an adaptive strategy of plants
to a newer situation which involves synthesis
and regulation of many new proteins.
All together, available results suggest
that elevated CO2 affect the overall growth of
plants. Promotion in growth of plants can be
attributed mainly to the high rates of
photosynthesis. Crop-weed interaction can be
changed in favor of weeds on account of
higher benefit to weed species in terms of
growth and development and photosynthesis.
Another point which can go in favour of weed
species is their unique adaptive potential as
mentioned above in case of Euphorbia
geniculata which showed higher transpiration
and stomatal conductance to cope up with
high temperature associated with rising CO2.
Molecular analysis of crops and associated
weed species can further provide some
deeper insights into the real mechanism for
the response of plants to ‘almost certain’ rise
in atmospheric CO2 and warming effects. An
integrated approach involving physiology,
biochemistry and molecular biology will be
even more effective for the mechanistic study
of crop-weed interaction in future high CO2
world.
Potential strategies
Weeds have greater adaptation potential
than crops by virtue of huge genetic diversity.
If environmental and land resources change, it
is almost likely that weeds will be the winner in
the race and over compete the crop plants for
the utilization of resources, hence creating the
problem of weed management. One important
point emerges from available studies is that
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the most competitive weed in a given crop is
similar in growth habit or photosynthetic
pathway to that particular crop e.g. Phalaris
minor in wheat, wild oat in oat and weedy rice
and rice crop. Recently, in a pioneer study,
Ziska and coworkers have shown that weedy
rice has immense potential to compete the
cultivated rice in elevated CO2 condition.
Increasing concentration of ozone into
troposphere is another concern of scientist
around the world. A rise in the ozone can
potentially suppress the growth of crop plant
but some weeds like Cyperus esculentus have
the potential to escape or minimize the impact
of increasing ozone. Tolerance to ethanol and
the ability to metabolize key intermediary
substrates under anaerobic conditions makes
Echinochloa crus-galli (L.) tolerant to flooding
conditions which are expected to be arise
from climate change condition due to overmelting of glaciers and change in rainfall
pattern. Alternanthera philoxeroides has been
shown to possess capability to survive under
worse environmental conditions like drought,
salinity, low temperature and flooding thus can
be a plant for future from the point of view of
crop improvement. From the above mentioned
studies, it can be inferred that weeds possess
better ability to survive and perform under
adverse environmental conditions which make
them sturdy and highly competitive with crop
plants. Now a big question arises in this
context, can we exploit these attributes of
weeds for the crop improvement? If yes, then
there is no other alternate better than weeds
simply because of the co-existence of weed
and crop plants. An advantage using weeds
as a source of gene(s) may be other coordinated
regulatory
aspects
of
the
transgene(s). As both weeds and crops grow
in the same environment, so it is expected
that internal machinery (at least partly) which
is required for the functioning of transgene(s)
might be present already in crop plants.
Development
and
availability
of
the
sophisticated molecular tools provide us
liberty to play at molecular level and to
transfer the genetic material into crop plants,
thus breaking the reproductive barriers for
inter-specific and inter-generic transfer of the
genetic material. However, success of such
approaches
requires
integration
and
collaborative efforts from all the corners of
scientists to bring together expertise in weed
science, molecular biology, plant physiology.
Following strategies can be beneficial to fight
with the problem of climate change which
seems to be certain in years to come.
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 Identification of crop cultivars resilient to
climate changes.
 Preventive measures: Early planting of
crops can be effective by means of
avoiding the high temperature.
 Return
to
conventional
tillage
practices: Looks difficult as it required
again lots of labor work, fuel and feed.
 Engineering of crops: Most viable and
dynamic strategy is to engineer the crop
plants which can perform better under
futuristic climate change conditions. For
this purpose, weeds can be a good
source of genetic materials for raising
transgenic crops.
Recently, At DWSR, research work has been
initiated to study response of climate changes
at whole eco-system level (i.e. crop-weedinsects-microbes)
using
the
advance
technology ‘Free air CO2 enrichment (FACE)’
with main emphasis on molecular aspects from
the point of view to identify the genetic materials
for the possible genetic engineering of crop
plants suitable for climate change conditions as
well as biotic and abiotic stress tolerance with a
better ability to compete weeds.
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Abstract
Parthenium
hysterophorus
L.,
commonly known as carrot weed or congress
grass in India has been considered as one of
the worst weeds responsible for causing
health problems in men and animals besides
loss to crop productivity and plant biodiversity.
The weed has infested about 35 million
hectares of land in India since its first
occurrence notice in 1955. In attempts of
biological control, search for suitable bioagent
was started since 1980s in India through
systematic surveys. Under classical bilogical
control of Parthenium in India, three insect
species were imported in 1983 from Mexico,
out of which only host-specific leaf-feeding
beetle Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelidae) has proved
successful. Zygogramma bicolorata has
established in many parts of country and
found responsible to decrease the Parthenium
densities from different parts of India. So far,
attempts
of
developing
effective
mycoherbicides have not yielded any success.
Not even a single indigenous insect species
has been proved successful in spite of
occurrence and infestation by many species.
Casia tora and C. serecia have been
recommended more suitable plant species for
management
of
Parthenium
through
competitive vegetation replacement.
Water hyacinth, Eichhornia crassipes
Mart (Solmns.) is a free-floating, annual or
perennial aquatic plant of Brazilian origin. It
also causes tremendous loss to fish
production and also of hydroelectricity. It is
estimated that 25-30% of the total utilizable
water in India is currently infested with water
hyacinth while in the state of Assam, West
Bengal, Orissa and Bihar, it is 40%. It affects
irrigation, navigation and hydro-electric
generation besides being responsible for
drastic reduction of fish production and
increase in diseases caused by mosquitoes.
In India many irrigation canals, lakes and
rivers, both natural and man-made are choked
by the explosive growth of water hyacinth
resulting in enormous direct losses of water.
Weeds can be controlled by pathogens like
fungi, bacteria, viruses and virus like agents.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Among the classes of plant pathogens, fungi
have been used to a larger extent than
bacterial, viral or nematode. Among the insect
species, Neochetina
eichhorniae and N.
bruchi have been proved successful exotic
insect species for biological management of
water hyacinth
Key words: Parthenium, Water hyacinth,
Biological control,
Zygogramma
bicolorata, Neochetina spp.
Introduction
Biological control of weed is the
intentional manipulation of natural enemies by
man for the purpose of controlling harmful
weeds. Biological control does not advocate
complete eradication of the unwanted
organism, but rather mean to maintain its
population at lower than average that would
occur in the absence of the bio-control agent.
Insects, fungi, nematodes, snails, slugs,
competitive plants and microorganism may be
bio-control agents for Parthenium. So far,
insects have received maximum attention in
biological control of Parthenium followed by
competitive plants and pathogens.
Parthenium
hysterophorus
L.,
(Asteraceae) is a weed of global significance
occurring in many countries of Asia
(Bangladesh, India, Israel, Pakistan, Nepal,
southern China, Sri Lanka, Taiwan and
Vietnam),
Africa
(Ethiopia,
Kenya,
Madagascar, Mozambique, South Africa,
Somalia, Swaziland and Zimbabwe), Australia
and the Pacific (New Caledonia, Papua New
Guinea, Seychelles and Vanuatu (Dhileepan,
2009). It has been well established that
Parthenium is responsible for severe human
and animal health related problems,
agricultural
losses
besides
serious
environmental
problems like loss of
biodiversity (Sushilkumar and Varshney,
a
2007 ). The weed was first reported in India in
1955 (Rao, 1956) and now occurs throughout
the country (Yaduraju et al. 2005) in about 35
million hectares of land (Sushilkumar and
Varsheny 2010). Parthenium hysterophorus
has also spread to neighboring countries like
Pakistan (Shabbir & Bajwa, 2006), Sri Lanka
(Jayasurya, 2005), Bangladesh (2009) and
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Nepal (Adhikari and Tiwari, 2004). Singh
(1997) considered use of biological control
agents and exploitation of competitive plants,
the most economic and practical way of
managing Parthenium. During last few years
much emphasis has been given to control
Parthenium through various biological agents
like pathogens and competitive plants. In past,
attempts were made to review work on
biological control of Parthenium in context to
India, Australia and global situations (Singh
1989, 1997, Sushilkumar 1993, Sushilkumar
and Bhan 1995, McFadyan, 1985, 1992;
Evans, 1997; Dhileepan, 2009).
Out of 8 lakh hectares of freshwater
available in India for pisciculture, about 40% is
rendered unsuitable for fish production
because of invasion by aquatic weeds (Mitra,
1964). Out of about 140 aquatic weeds, water
hyacinth
(Eichhornia
crassipes
Mart
(Solmns.)) has been considered one of the
most problematic weeds in India followed by
Hydrilla vertcillata. Water hyacinth is a freefloating, annual or perennial aquatic plant of
Brazilian origin.
Water hyacinth was
introduced into India as an ornamental plant in
West Bengal in early 20th century but by now it
has spread in all types of fresh water bodies
throughout the country.
This weed is
estimated to cover over 0.4 million hectares of
water surface. Water hyacinth is the most
gregariously growing aquatic weed in 5
tropical and sub-tropical nations of the world
including India. It has been categorized as
one of the worst 10 weeds of the world (Holm
et al., 1991).
It has been recorded from all types of
water bodies like ponds, canals and drainages
in all most all the cities including major river
systems like Ganga, Cauvery, Brahmaputra
etc. It was reported that evapotranspiration
through water hyacinth is 3-4 times higher
than evaporation from an open water surface.
It is estimated that 25-30% of the total
utilizable water in India is currently infested
with water hyacinth while in the state of
Assam, West Bengal, Orissa and Bihar, it is
40%. It affects irrigation, navigation and
hydro-electric generation besides being
responsible for drastic reduction of fish
production and increase in diseases caused
by mosquitoes. Some of the well known
fishery lakes like Ansupa lake in Orissa, Gujjar
lake in Uttar Pradesh, Kolleru lake in Andhra
Pradesh and the world famous Dal, Nagin and
Walur lakes in Kashmir have been largely
yielded to water hyacinth. Lakes of
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Ootacmund and Kodaikanal in Tamil Nadu
were badly infested with water hyacinth during
th
late 20 centaury. Mathur et al. (2005).
discussed economic and ecological problems
arising from water hyacinth infestation. A great
problem of water hyacinth was faced by the
managers of Public Health Services) & Ethics,
Utilities & Services Company Ltd. (JUSCO),
Jamshedpur (Jharkhand) in January to July
2010. In 2009 and 2010, the two river leading
towards Jamshedpur namely Kharkai and
Subamarekha were totally blocked with water
hyacinth in a course of almost 14 km. The
managers of Tata Iron and Steel Company
(TISCO) of the city faced great problem in
water supply to the TISCO plant from the river
owing to heavy water hyacinth infestation
during 2004. According to the results of
surveys conducted during 2005-06 by Phukan
and Phukan (2007), a total of 16 different
weed species belonging to 12 families
occurred most frequently in low rice fields in
Lakhimpur (Assam). Among these Eichhornia
crassipes grew more profusely than the other
weeds. In Punjab and Haryana, irrigation
canals besides ponds and reservoirs are
choked with the water hyacinth. It has been
considered most problematic weeds to hinder
the power generation in hydroelectricity
projects in the country.
A. Biological control of Parthenium
Biological
control
has
been
considered one of the most effctive
approaches against Parthenium in waste land,
pasture, orchards and forest ecosystems by
introduction of bioagent. In past, attempts
have been made to review the work on
biological control of Parthenium in context to
India and, Australia (Sushilkumar 1993,
a
Sushilkumar and Varsheny, 2007 ).
(i) Biological management of Parthenium
through pathogens
In spite of the presence of many
pathogens and microorganism reported on
Parthenium from India (Rao and Rao 1987;
Pandey et al., 1991; Aneja et al,.1993,1994;
Kauraw et al., 1997), none of them has been
found successful to control Parthenium in field
conditions. The pathogens like Puccinia
abrupta and P. melampodi were released in
Australia for classical biological control of
Parthenium and efforts are being made to
release the same in India too (Evans, 1997;
a
Sushilkumar and Varsheny, 2007 ). So far, no
success has been reported to develop any
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effective mycoherbicdes
Parthenium in India.

to

manage

(ii) Biological management of Parthenium
through insects
(a) By indigenous insects: So far, none of
indigenous insect was found host specific
(Kumar et al., 1979, Sushilkumar, 2005) in
spite many reports (Singh, 1997).
A
cerembycid Nupserha sp. was. found doing
widespread damage (5-95%) to Parthenium
(Sushilkumar, 1998, 2005) but this species
was found to attack on sunflower and
Xanthium strumarium also.
(b) By exotic insects:
Attempts were
initiated in India in 1983 at Bangalore to
import host specific bioagents from the native
home
of
Parthenium based on well
documented success in Australia after their
introduction. Three
insects
namely
defoliating beetle Zygogramma bicolorata
Pallister (Coleoptera: Chrysomelidae), the
flower feeding weevil Smicronyx lutulentus
Dietz (Coleoptera: Curculionidiae) and the
stem boring moth
Epiblema
strenuana
(Walker) (Lepidoptera: Tortricidae) were
imported in India (Singh 1993). S. lutulentus
could not be multiplied in the laboratory
while E. strenuana was found to complete its
life cycle on a oil seed crop niger (Guizotia
abyssinica L.(Asteraceae) hence its culture
was destroyed (Jayanth 1987) in spite of the
fact that this insect was considered to be a
potential biocontrol agent in
Australia
(Mcfadyen 1985). Study of host specificity
and damage potential revealed Zygogramma
bicolorata, a safe bioagent (Jayanth and
Visalakshy, 1994).
After first released of Z. bicolorata in
Bangalore region in 1984 (Jayanth, 1987),
due to deliberate introductions and natural
spread, the bioagent has widely spread
across the country (Sushilkumar, 2005;
a
Sushilkumar and Varsheny, 2007 ). Incidence
of Z. bicolorata has been recorded mild to
heavy in most of the states wherever it has
been introduced. In India, Z. bicolorata has
well established in Karnataka, Maharashtra,
Madhya Pradesh, Bihar, Delhi, Haryana, lower
hills of Himachal Pradesh, Punjab, Uttar
Pradesh and lower hills of Uttrankhand while
it has medium established in Andhra Pradesh,
Orissa, Rajasthan Tamil Nadu, upper hills of
Uttrakhand and Himachal Pradesh. The
bioagent spread and establishment has been
noticed low in Assam, Jharkhand, Gujrat,
Kerala and West Bengal. Z. bicolorata has nil
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to negligible spread in Andman &Nicobar,
Arunachal
Pradesh,
Goa,
Meghalaya,
Mizoram, Manipur., Sikkim, Goa etc. In Tamil
Nadu and Andhra Pradesh Z. bicolorata has
been well spread only in western and northern
and north and west regions, respectively. In
general, the incidence and spread of Z.
bicolorata was recorded very limited in all the
coastal regions besides cold and hot deserts
of India (Sushilkumar and Varshney, 2010).
This could be possible because of
increased biological control efforts by
Directorate of Weed Science Research during
last 10 years by sending the beetles by postal
services to almost all the Krishi Vigyan
Kendras (KVKs) and All India Coordinated
Research
Project
on
Weed
control
(AICRPWC), located in each district and
states of India, respectively. This widespread
occurrence of Z. bicolorata in India is in
contrast to earlier predictions (Jayanth and
Bali, 1993), which suggested that Z. bicolorata
would not be suitable for hot regions of central
and west India and cold regions of Himachal
Pradesh, Uttrakhand, Punjab and Western
Uttar Pradesh. Dhileepan and Senaratne
(2009) have also reported the occurrence of
Z. bicolorata in very hot and cold regions of
India. In India, establishment of Z. bicolorata
has been reported from many states
corresponding to the level of infestation
(Sushilkumar and Varshney, 2010).
Ecological benefit in the form of regermination of lost vegetation and hence
saving of loss of biodiversity has been
reported (Sushilkumar 2005). A study was
made at Jabalpur by Sushilkumar (2006) to
find the economic benefit by Z. bicolorata
after release of 6000, 7500, 7500 beetles in
the year 2000, 2001 and 2002, respectively.
Based on the herbicide cost which would have
incurred in the area controlled by beetle, the
net economic return by third year was
calculated 135% per annum, which increased
to 608, 2700, and 12150% per annum for
th
th
single application of herbicides by 4 , 5 and
th
6 years, respectively. The total benefits by
the biological control in six years had been Rs
62.34 million; 15585% benefit over initial
investment (Sushilkumar, 2006).
(iii) Biological management of Parthenium
by competitive replacement through plants
After reports of Singh (1983) that
Cassia sericea (= C. uniflora) may be used in
biological management of Parthenium, the
efforts were made to control Parthenium by
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deliberate use in Mysore, Dharwad and
Banguluru (Mahadevappa, 1997, 1999). In
Jabalpur
(M.P.,India),
replacement
of
Parthenium by marigold showed encouraging
results and this practice was also advocated
for Parthenium suppression (Sushilkumar
2005). In and around Jabalpur and many
other districts of Madhya Pradesh Cassia tora
was found to replace Parthenium naturally
(Sushilkumar and Bhan 1997).
In a nationwide survey under
coordinated project sponsored by Department
of Biotechnology (DBT), India, plant species
namely Xanthium strumarium, Tephrosia
purpurea,
Achyranthes
aspera,
Vitex
negundo, Cassia sericea, Cassia tora, Cassia
spp. and Cannabis sativa were found to be
competitive
against
P.
hysterophorus.
Xanthium. strumarium, T. purpurea, Cassia
sericea and Cassia tora were found most
abundant species in waste land, community
land and along the road and railway track
sides.
After
considering
the
plant
characteristics of all above species, C. tora
was
advocated
and
demonstrated
(Yaduraju et al. 2005; Sushilkumar 2005).
B. Biological control of water hyacinth
(i) Biological management
of water
hyacinth using pathogens
Weeds can be controlled by
pathogens like fungi, bacteria, viruses and
virus like agents. Among the classes of plant
pathogens, fungi have been used to a larger
extent than bacterial, viral or nematode
pathogens. In some cases, it has been
possible to isolate, culture, formulate and
disseminate
fungal
propagules
as
mycoherbicide.
Charudatan (2001)
discussed the need to renew concentrated
efforts to develop pathogens for biological
control of water hyacinth. Among the most
promising
pathogens
are Uredo
eichhorniae,
suitable
as
a
classical
biocontrol agent and Acremonium zonatum,
Alternaria eichhorniae, Cercospora piaropi,
Myrothecium roridum and Rhizoctonia solani,
which are widely distributed in different
continents.
During survey from 19921994 in and around Jabalpur in different
months, two fungi Acromenium zonetum
and Alternaria sp. from infected leaves of
water hyacinth were isolated (Kauraw and
a
Bhan, 1994 ). A series of surveys were
conducted throughout Haryana in 1988-92 to
identify naturally occurring fungal pathogens
of water hyacinth by Aneja et al., (1993).
Infection of water hyacinth leaves by Fusarium
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chlamydosporum
was
observed,
characterized by small, punctate leaf spots
with ash coloured centres, which become
elliptical- to irregular-shaped structures.
Koch's postulates were fulfilled. Between 25
and 54%; infection was lower in covered pits
than the uncovered pits (25-40 vs. 45-54%).
When the growth of F. chlamydosporum on 4
solid culture media (potato sucrose agar
(PSA), potato dextrose agar, water hyacinth
dextrose agar and water hyacinth dextrose
agar + yeast extract) was compared, PSA
was found to be the best medium ( Aneja et
al.,1993)
Naseema et al. (2001) investigated
the efficiency of Fusarium equiseti and F.
pallidoroseum and their toxins for the
management of water hyacinth. Babu et al
ab
isolated,
characterized
and
(2003 )
bioassayed the fungal pathogen Alternaria
alternata isolated from diseased water
hyacinth plants from India.
Praveena
and Naseema (2004) recoded 21 fungi from
Kerala out of which 17 were pathogenic to
water hyacinth. Among these, Myrothecium
advena was a new report on water hyacinth.
Furthermore, M. advena and Fusarium
pallidoroseum caused more than 50%
infection of the weed and was considered to
hold promise as biological control agents of
water hyacinth. Babu et al (2004) examined
the feasibility of rice seeds as solid substrate
for the mass production of A. alternata.
Saleem
and
Naseema
(2005)
evaluated the efficacy of spore suspensions
and cell-free metabolites of Alternaria
eichhorniae and Fusarium pallidoroseum
against water hyacinth. Praveena et al. (2006)
analyzed bioherbicidal potential of phytotoxin
produced by F. pallidoroseum in vitro which
was isolated from fourteen-days-old filtrate of
b
the fungi. Ray et al (2008 ) during survey in
and around Jabalpur found many pathogen
infesting water hyacinth but among them they
found
Alternaria alternata, a potential
pathogen against water hyacinth (Ray et al
a
(2008 ). It was demonstrated that combined
use of virulent pathogens may cause more
c
damage. Ray et al (2008 ) studied the
combined impact of various pathogens for
integrated management of water hyacienth..
For mass production of mycoherbicide for
biological control of water hyacinth, Praveena
a
and Naseema (2008 ) conducted an
experiment to determine the effects of liquid
substrates. Their study showed that groundnut
oil cake extract recorded maximum mycelial
weight of Fusarium pallidoroseum, Fusarium
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equiseti and Colletotrichum gloeosporioides
[Glomerella cingulata], but sporulation and
spore viability was less, when compared with
other substrates. Praveen and Naseema
b
(2008 ) further studied to develop formulations
of F. pallidoroseum and to integrate it with
Cashew nut shell liquid (CNSL) in the
management strategy of water hyacinth.
(ii)

Biological management of water
hyacinth using insects

After wide spread of water hyacinth in
India, surveys were made to find out effective
and host specific bioagents. Many indigenous
insect species were recorded feeding on
water hyacinth from all over India but none of
the species was found host specific hence it
was concluded that indigenous insect species
use water hyacinth as an alternate host and
are not of much use. Therefore, Singh (1989)
advocated the use of proven exotic insects
under classical biological control programme.
Sushilkumar and Ray (2007) studied the
development of Spodoptera litura on 24 weed
plants. Out of 24 weed plants tested, high
consumption of leaves was recorded on eight
species among which Eichhornia crassipes
was one of them.
The past work on classical biological
control of aquatic weeds including water
hyacinth in India has been reviewed and
discussed by Singh (1989), Sushilkumar
(1993), Jayanth (1996) and Visalakshy and
Sushilkumar (2008). They all have discussed
the problems associated with infestation by
water hyacinth and the implementation of a
biological control programme by releasing
exotic insect species Neochetina eichhorniae
and N. bruchi in infested water bodies in
India.
Neochetina spp. was introduced first
in India at Bangalore for controlling water
hyacinth, in 1982-1983. Between February,
and July1984, a total of 7 releases consisting
of 1700 weevils was made into a 20-ha tank
fully infested with water hyacinth. Thereafter,
releases of these bioagent were made
throughout India by several workers. The
effect and impact of these weevils have been
expressed in many ways but reduction in size
and density and clearing of water bodies in
due course after release are the frequently
observed effects. Up to 95% control in a 20
ha tank in Bangalore within 32 months of
release by N. eichhorniae and 90% control
in another 20 ha tank by N. bruchi have been
reported (Jayanth, 1988). The weevils were in
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fact established in 4-6 months of release in all
the tanks.
In the 344 ha Bellandur tank
(Bangalore) only N. eichhorniae was released
but N. bruchi entered the tank through an
irrigation channel from Agram
tank by
traveling about 2 km. Similarly in Varthuru
tank (Bangalore) where weevils were not
released both the species entered this tank
through an irrigation channel from Bellandur
tank 7 km away (Jayanth 1988).
In Jabalpur, successful biological
control of water hyacinth by Neochetina spp
was achieved in 5 ponds which were badly
infested with the water hyacinth (Sushilkumar
b
b
2005 ; Sushilkumar and Varshney, 2007 ).
Neochetina spp. was found to control water
hyacinth in cycles depending on the intensity
and duration of infestation in the water body.
In general, weevils may take about 18 to 48
months to achieve first cycle of control after
initial release but, this depend on the
inoculation load. In general, early control of
water hyacinth is dependent on more number
of releases of bioagent. Second and
subsequent cycles of control may occur in 924 months depending on the population buildup of the beetle. At Jabalpur, many ponds
have been cleared by the Neochtina spp. but
a pond of about 3 hectares was controlled by
100% after 3-5 waves of collapse
b
(Sushilkumar and Varsheny, 2007 ). After
biological control of water hyacinth, other
weeds mainly alligator weed (Alternanthera
philoxeroides), Typha angusta and Ipomoea
aquatia occupied the niche vacated by water
hyacinth due to action of Neochetina spp.
(Sushilkumar and Bhan, 1998). Spectacular
success of biological control of water hyacinth
was achieved in Loktak lake (286 sq km) in
Manipur in three years after weevil’s release
(Jayanth and Visalakshy, 1989) and in north
India (Mishra et al 1989). In Bangalore
(Jayanth, 1996), Hyderabad ( Gupta et al.
1993), Jabalpur (Sushilkumar and Varsheny
b
2007 ) and many other towns, water hyacinth
was controlled in 2-4 years by the Neochtina
spp. Ghassan and Kadam (2002) found that
Neochetina spp. have potential to suppress
water hyacinth in Mahrashtra.
Shenhmar et al (2004) introduced N.
eichhorniae, N. bruchi and O. tenebrantis in
Punjab, for the control of water hyacinth in a
pond at Landhowal near Ludhiana in 1992. By
1995, weevils were well established and
controlled the water hyacinth in the pond. In
2002, from these ponds, the weevils were
collected and further released in 4 ponds each
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at Hadiabad near Phagwara, Goraya,
Nawanshahar and Hoshiarpur. However, the
weevils were recovered only from Hadiabad.
Sushilkumar and Varsheny (2007b)
described the successful control of water
haycienth in 5 ponds at Jabalpur (Madhya
Pradesh, India). Seven year study revealed
impact of these insects in suppression of
water hyacinth.
Weevils may be released at any time
of year in water hyacinth infested water bodies
but the optimal time for initial releases,
especially in tanks and lakes is after the
commencement of rains. Water bodies, which
are likely to dry during summer season,
should be avoided for release. In rivers and
irrigation canals, release should be made after
monsoon to avoid water hyacinth mat carried
away by flooded water (Sushilkumar, 2005b).
Although, the weevils are very good
colonizers but it is suggested that at least
3000 weevils may be released per hectare of
weed mat, divided in many sections according
to the size of water hyacinth infestation and in
each section 50-100 weevils can be scattered
over the weed mat. By this way, bioagent will
be established quickly and homogenously in
the water body in question. More releases
mean quicker establishment of the bioagent
b
therefore, better control (Sushilkumar, 2005 ).
In some studies, the inoculation of
minimum number of weevils was determined
to control the water hyacinth. Ghassan and
Kadam (2002) studied the effects of weevil (N.
bruchi) density (10, 20 and 30 weevils per
plant) and the effects of plant density on the
suppression of water hyacinth by the weevil to
evaluate the potential of weevils as biological
control agents of water hyacinth. Gnanavel
a
and Kathiresan (2007 ) studied the inoculation
load of Neochetina spp. adult on different
growth stages based on discriminate analysis
using data on plant height, leaf area and fresh
weight. Among the different inoculation loads
of insect agents, releasing the three
adult/plant registered the highest reduction in
fresh weight, chlorophyll and N, P, K content
with small (I stage) and medium (II stage)
growth stages of E. crassipes. At large growth
stage (III stage) of E. crassipes none of the
loads of insect agents was effective in
reducing the fresh weight and chlorophyll
content. Among the different concentrations of
plant product, spraying at 25% registered the
cent per cent reduction in fresh weight,
chlorophyll and least N, P and K content at
both the stages I and II of E. crassipes. Ray et

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

al., (2009) attempted to optimize the minimum
required inoculation load of the weevils on
three growth stages of water hyacinth, based
on reduction of fresh biomass, number of
leaves and ramifications. They conducted
experiment in big size fibre tub to allow the
growth and prolifereation of the weed as it
occurred in open pond conditions. They
observed that small growth stage was
controlled earlier than the water hyacinth of
middle growth stage, corresponding to the
increase in number of weevils per plant. The
large plants could not be controlled even with
the inoculation pressure of 20 weevils per
plant because of high growth rate. This study
suggests that Neochetina spp. has the
potential to keep the population of the
macrophyte at a subeconomic density,
through a basic inoculation load of weevils in
due course of time.
A
mite
namely
Orthogalumna
terebrantis (Acarina: Galumnidae) has also
been introduced in India for biological control
of water hyacinth. The mite is not capable to
suppress water hyacinth by itself but it is
complementary to the weevils and hastens the
process of collapse. Praveena et al (2002)
demonstrated the integration of fungi
Fusarium pallidoroseum and F. equiseti and
mite (O.terebrantis) to manage water
hyacinth.
(iii)

Integration
of biological
and
chemical/plant product for water
hyacinth management

It has been observed that bioagent
take long time to control water hyacinth if used
alone through inoculative releases. However,
the time of collapse of one cycle by bioagent
can be reduced drastically by treating 10-25%
area of the water body with a herbicide like
glyphosate, 2,4-D or paraquat. Biological and
chemical integration is effective to control
water hyacinth in shorter time as well to help
to reduce the chemical load in the aquatic
body. Bioagent can also be used along with
mycoherbicide or with plant product/extracts
having ability to kill water hyacinth. Gnanavel
c
and Kathiresan (2007 ) achieved control in
shorter time by integration of bio-control
agents Neochetina spp. with plant product of
Coleus amboinicus/aromaticus. Kathiresan
(2009) argued the feasibility and sustainability
of concept of Integrated Farm Management
(IFM) for small-farm holdings which may
serves as a tool for linking environmental
safety with weed control besides offering
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scope for conservation of agro-biodiversity.
Sushilkumar
and
Viswakarma
(2006)
demonstrated the reduction in time to achieve
one cycle of control by integration of
Neochetina spp. and spraying of herbicides in
10-15% area.
About 1000 weevils were
released in May 2003 as an inoculation over
an area of 3000 m2 in an one-hectare pond of
a village, severely infested with water hyacinth
for more than 20 years. Two doses of
recommended herbicides namely 2,4-D (1.5
and 2.0 kg/ha), glyphosate (2.0 and 2.5 kg/ha)
and paraquat (0.7 and 1.0 kg/ha) were applied
in rest of the area in three replication in the
second fortnight of June 2003. Results
revealed that 2,4-D @ 2.0 kg/ha proved the
best herbicide to control water hyacinth at 21
DAA while glyphosate and paraquat were at
par with each other. The pond was again fully
infested by the mid September 2003 due to
re-growth, which was highest in paraquat
treated area, followed by 2,4-D and
glyphosate. The achieving of two cycles of
control within a period of 20 month after initial
release of weevils could be possible due to
integration of herbicide with the bioagent,
which would otherwise have taken minimum
20-36 month by the bioagent alone to control
one wave of water hyacinth.
(iv)

Biological management of water
hyacinth through allelochemicals

The concept that some crop plants
may be allelopathic to certain weeds is
receiving increased attention in the search for
weed control strategies.
Kauraw and
Bhan,(1994) demonstrated the effect of dry
Cassytha powder (0.5, 1.0, 1.5 and 2 per cent
respectively) on water hyacinth plants
grown in plastic tubs. All the treatments
showed reduction in number of leaves and
biomass in treated as compared to untreated
check. Cassytha powder (1 to 2% w/v ) could
completely kill the leaves and reduced the
biomass Chaturvedi and Sharma (1998) did
not find allelopathic effect of litter extract of
Lantana camara on water hyacinth. Inhibitory
effect
of
Parthenium
(Parthenium
hysterophorus L.) leaf residue on growth of
water hyacinth was established by Pandey et
al.(1993). Further work also established the
potential of allelochemicals on water hyacinth
in particular and on other aquatic weeds in
a
b
general (Pandey, 1996 , 1996 ). Kathiresan
(2005) reported that dried powder of the
leaves of Coleus amboinicus L. at 40 g/l as a
water suspension killed water hyacinth within

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

24 h reducing the fresh weight by 80.72% and
the dry weight by 75.63% within one week.
Kathiresan
and
Dhavabharathi
(2008)
screened residues of 60 rice cultivars for their
allelopathic inhibition on water hyacinth in
laboratory bio-assays as well as in micropond
tests. Rice cultivar ADT-36 was moderately
allelopathic, it reduced the weed bio-mass by
33.40 and 32.0% in laboratory bioassay and
micro-pond, respectively.
(v)

Effect of herbicides on bioagents of
water hyacinth and fishes

Integration of biological and herbicidal
methods has been widely recommended
(Center, et al., 1999). Some of the chemical
formulations may have harmful effect on nontarget organisms including the water hyacinth
weevils especially if integrated management
of water hyacinth is being attempted.
Visalakshy, (1992) found deleterious effect of
commonly
used
herbicdes
on
mite,
Orthogalumna
terebrantis
(Acarina:
Galumnidae). Kannan and Kathiresan (2002)
also reported negative effect of herbicidal
control on fish growth and water quality.
Sushilkumar et al (2008) studied the effect of
three most used herbicides against water
hyacinth on Neochetina spp. Significant
impact of herbicides was observed on the
d
mortality of the weevils. Ray et al. (2008 )
further confirmed the effect of two commonly
used herbicides, glyphosate and 2,4dichlorophenoxy acetic acid at three
recommended doses on Neochetina spp. and
phytopathogen,
Alternaria
alternata.
Praveena et al (2007) studied the
effect
of
four
herbicides
(paraquat,
pretilachlor, glyphosate, and 2,4-D Na salt),
and a herbicidal mixture (anilofos+2,4-D EC)
on growth and sporulation of F.pallidoroseum
in vitro conditions. Pretilachlor (1.0, 0.25, 0.06,
and 0.02 kg/ ha), 2,4-D (1.0 and 0.25 kg/ha),
and 2,4-D+anilofos (0.4 and 0.1 kg/ha)
completely inhibited fungal growth and
sporulation, while paraquat and glyphosate
(0.01 kg/ha) showed a lesser extent of growth
inhibition (68 and 62% of control respectively).
Gnanavel and Kathiresan (2008) did not
observed Neochetina spp. mortality due to
the plant product at the highest concentration
(25%) under an integration of bioagent and
plant product method of control.
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Phytochemicals as Alternative Source for Sustainable Weed
Management
Shobha Sondhia
Senior Scientist
Directorate of Weed Science Research (ICAR)
Maharajpur, Jabalpur - M.P.
Introduction
Phytochemicals
are
chemicals
obtained from plant sources. Phytochemicals
are gaining popularity throughout the globe
due to public awareness about environment,
growing knowledge of pollution and health
hazards due to synthetic chemicals and
introduction of organic farming as a result
farmers and grower are looking for less
harmful, non-persisting biopesticides. Many
plant
chemicals
often
called
as
allelochemicals in natural or processed forms
have potential for development as viable
components of biopesticides. They have wide
range of activity against crop pest such as
weeds, nematodes, insects, fungal diseases
etc. and thus can be used as biopesticides. In
general, these compounds are less toxic to
non-target species, and less persistent in soil
than synthetic pesticides. Phytochemicals are
sometimes produced in large quantities in
plant material or as agricultural waste, making
the use of rotation crops, cover crops, and
organic amendments effective means for
production and/or distribution of the bioactive
compounds.
Chemicals with pesticidal potential are
present in a variety of plant tissues, including
leaves, flowers, fruits, stems, roots, rhizomes,
and seeds. Under selected environmental
conditions the active form may be released
which can be turn cause the pesticidal effects.
Many of the compounds do appear to be broad
spectrum inhibitors. Use of phytochemicals
requires understanding of levels of weed
infestation in particular fields. Phytochemicals
also play an important role in providing pest
management tools in areas where pesticide
resistance, niche markets and environmental
concerns limit the use of chemical pesticide
products and can be supplemented with the
conventional pesticides used in Integrated Pest
Management (IPM) programs.
Phytochemicals/ allelochemicals derived
from weeds
Weeds represent the most serious
threat to the sustainability and profitability of
agricultural production around the world. In
India herbicide expenditures account for 45 %

of all pesticide purchase. Weeds produce
many kinds of low/high molecular-mass
secondary metabolites that are generally nonessential for the basic metabolic processes of
the plant. Among these secondary plant
metabolites,
some
are
known
as
allelochemicals that improved defense against
other plant competition, microbial attack or
insect/animal predation.
Phenolic compounds often exhibit
major bioherbicidal activity in weeds and other
crops. Phenylpropanes are structurally made
up of phenylalanine usually inhibit the growth
of other plants. Acetogenins are comprised of
acetyl groups commonly bonded to other
functional groups such as alcohols and
ketones. These biochemicals are a common
compound, and act to inhibit plant growth by
affecting mitochondrial activity. Terpenoids
are often found as volatile allelochemicals
(Sondhia
and
Saxena
2003,
2005).
Terpenoids often find themselves being
distributed into the ground by either falling to
the ground to be absorbed by the dry soil, or
much more commonly through rain or fog
drip. Xanthium strumarium showed strong
phytotoxic activity
against
Ischaemum
rogusum and Vicia sativa (Sondhia and
Saxena 2004). Several secondary metabolites
such as monoterpene (Ahmed, 2000),
alkaloids (Haseeb et al., 1978), saponin
(Gupta and Behari 1972), flavonol glycosides
etc. were isolated from Chenopodium
ambrosiodes is which showed strong
biological and allelopathic activities against
Lycopersicn esculentm,
Beta vulgaris,
Melilotus indicus and Sonchus oleraceuus
(Humamouchi et al., 2000).
Plant
steroids
often
called
phytosteroids, or sometimes brassinosteroids.
Certain brassinosteroids act in a positive role
to promote growth, but in the field of
allelopathy, steroids inhibit the growth of other
plants. Saponins are one such family of
steroids that inhibit plant growth. It is believed
that saponins act as growth regulators at
certain levels. The most studied case of
inhibitory steroids is the root exudations of
alfalfa. Alkaloids come in a large abundance
and variety, but not all have allelopathic
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characteristics. Common modes of action of
alkaloids are to attack the cell membranes
and to damage DNA reproduction in different
plants by attacking the RNA translation
process. By attacking DNA replication, plants
affected by the alkaloid are unable to grow.
The most commonly known alkaloid is
caffeine, which acts as a mild psychological
stimulant in humans, but possesses a potent
plant growth inhibiting ability. Few common
and potent phytochemicals are presented in
Figure 1.

Caffeine molecule

ailanthone

Gallic acid

Quecertin
Figure 1 Some bioactive plant molecules
having biopesticidal activities
One of the toxic principles in X.
strumarium poison was isolated and identified
as carboxyatractyloside (CAT), a highly
selective
inhibitor
of
oxidative
phosphorylation. The chemical composition of
X. strumarium includes phenolic compounds
like
chlorogenic
and
ferulic
acids,
thiazinediones (Han et al., 2006;), triterpenoid
saponin (Sondhia and Saxena 2003, 2005;
Yadava and Jharbade, 2007, Sondhia
2009Sondhia and Saxena 2003, 2005),

xanthanolide sesquiterpene lactones (8-epixanthatin and 8-epixanthatin epoxide, (Kim et
al., 2003);
xanthinin, xanthatin, several
xanthanolides, beta-sitosterol, strumasterol
(C-24 epimer of stigamsterol), monoterpene
and sesquiterpene hydrocarbons, caffeic
acid, 1,3,5-tri-O-caffeoyl quinic acid, 1,5-diOcaffeoyl quinic acid (Sheu et al., 2003),
saponin, essential oil (Sondhia 2003, 2005).
A new thiazinedione and saponin (Sondhia
and Saxena 2003; 2004) was isolated from
the fruit of Xanthium strumarium showed
bioherbicidal properties.
Seven
pentacyclic
triterpeonoids,
camarinic acid, camaric acid, oleanolic acid,
pomolic acid, lantanolic acid, lantanilic acid
and lantic acid, have been isolated from the
aerial parts of Lantana camara showed
bioherbicidal properties. Species of many
weeds such as common Chenopodium album,
Cyperus
rotusdus,
Cynodon
dactylon,
Amaranthus retroflux, Convolvulus arvensis,
Ageratum repens, Sorghum halepense,
Echnochloa crusgalli, Carthanus oxycantha,
Argemone mexicana, and numerous other
weeds have been shown to posses the ability
to inhibit competing plant growth by releasing
toxic chemicals into the growing environment.
The
phenomenon
of
bioherbicidal
potential has been widely reported in grasses
also. Many grasses like Lolium multiflorum,
Dicanthium annulatum, Panicum antidotale,
etc. preclude the associated species by
reducing their regeneration, growth and yield.
Imperata cylindrica and Desmostachya
bipinnata not only suppress the germination
and growth of P. hysterophorus under
experimental conditions but also reduce the
spread of this noxious weed in field (Anjum et
al., 2005).
Grasses generally exhibit
phytotoxicity due to presence of phenolic
allelochemicals. The reduction in seedlings
roots and shoot length may be attributed to the
reduced rate of cell division and cell elongation
due to the presence of phytochemicals in the
aqueous extracts (Buckolova, 1971).
Large number of phytochemicals are
identified from plants having phytotoxic
activity, however, only a small number of
compounds have been marketed as
bioherbicides. Cinmethylin, a derivative of
monoterpene 1,8- cineole, and glufosinate, the
synthetic version of the fungal metabolite
phosphinothricin, are the most commonly
mentioned examples (Figure 2). As the mode
of action of cinmethylin has been recently
disclosed and it has proven to be a proherbicide that is metabolized to 1,4-cineole,
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which is the real herbicidal compound. 1, 4cineole
targets
asparagine
synthetase
(Romagni et al. 2000) while 1, 8-cineol is a
mitosis inhibitor. Brassinolides are currently
under application in Agriculture as growth
promoting agents, but no steroids or
triterpenes have found commercial application
up to date as growth inhibitors in spite of the
good levels of activity shown by compounds
such as these.

Figure 2 Different transformation product
of 1,8 cineole
Artemisinin, a sesquiterpene lactone
from Artemisia annua L., is a patent plant
growth inhibitor (Ditomaso & Duke, 1991).
Leptospernone is an allelochemical from
which the triketone class of herbicides was
developed (Mitchell et al., 2001). 1, 8 cineole,
a monoterpene, has been identified as one of
the most potent phytochemicals released by
Artemisia app., and a synthesize analog,
cinmethylin is being sold as a herbicide in
Europe (Duke et al., 2002). Xanthium
strumarum showed bioherbicidal activity
against invasive weeds Echinochloa colona,
Vicia sativa and Iscahemeum rogusum and
found that saponin and associated triterpenes
are responsible for phytotxicity of Xanthium
towards these weeds (Sondhia an 2002,
2003).
Furanocoumarins isolated from
Semenovia transiliensis showed phytotoxic
activity against dicots and monocots.
Factors
governing
phytochemicals

activity

of

Large majority of the studies carried out on
bioherbicides were carried out in controlled
environments, often with the aim to extract
and characterize phytochemicals or, at the
most, to test the effect of these compounds on
the germination of selected sensitive species
in bioassays. In the case of crop-weed
interactions, absolute evidence of the
occurrence of bioherbicides/allelopathy in the

field is difficult to obtain, mainly because
allelopathic effects are difficult to disentangle
from resource competition and other biotic
effects.
Production
and
release
of
phytochemicals/allelochemicals
depend
largely upon environmental conditions, usually
being higher when plants are under stress,
e.g. extreme temperatures, drought, soil
nutrient deficiency, high pest incidence
(Einhellig, 1996); also, the range and
concentration of chemicals that a given
species can produce can vary with
environment conditions (Anaya, 1999). Other
effects that need to be examined are
allelopathy-mediated weed-weed, weed-crop
and crop-following (or companion) crop
interactions. It is therefore questionable
whether
weed
management
through
phytochemicals per se would ever represent a
consistently effective weed management tool;
however,
a
better
understanding
of
allelopathic occurrence in field situations, and
of how it is influenced by cultural practices,
would make it possible to include allelopathic
crops in organic cropping systems and use
them as a complementary tactic in a weed
management strategy. In the case of
isoalantolactone, it has been demonstrated
that it can persist in mineral and organic soil
for 3 months, supporting the assumption that
sesquiterpene lactone play a significant role in
allelopathic interactions in the environment.
Rye residues maintained on the soil surface
release 2,4-dihydroxy-1,4(2H)-benzoxazin-3one (DIBOA) and a breakdown
product
2(3H)-benzoxazalinone (BOA) (Barnes and
Putnam, 1987) both of which are strongly
inhibitory to germination and seedling growth
of several dicot- and monocotyledenous plant
species.
Sustainable weed management at field
level
Application of leaves of Alnusfirmifolia,
Berula erecta and funGus sp., as green
manures in corn fields with corn, bean, and
squash grown using traditional techniques
decreased growth of weeds during the crop
period and at the same time nodulation was
also increased in plots with abundant weed
growth (Anaya et al. 1996)). Rye residue
reduced the emergence of common ragweed
by 43%, green foxtail by 80%, redroot pigweed
by 95%, and common purslane (Portulaca
olearacea) by 100% (Putnam and DeFrank
1983). A surface mulch of desiccated rye in a
no-till system reduced aboveground biomass
of common lambsquarters by 99%, redroot

[[

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

145

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


pigweed by 96%, and common ragweed by
92% compared to an unmulched tilled control
(Shilling et al. 1985). Creamer et al. (1996)
demonstrated that allelochemicals could be
leached from rye shoot residue and used as a
control to separate the physical effects of
weed suppression of surface rye mulch from
other types of interference. Leached rye
inhibited emergence of eastern black
nightshade (Solanum ptycanthum Dun.) by
98%. Thus sensitivity to allelochemicals and
extent of inhibition varied with species and
organs of the test species. Parthenium
releases a number of water soluble

allelochemicals such as phenolic acid and
sesquiterpene lactones, particularly parthenin
(Stephen and Sowerby 1996). Phenolics found
in leaves also have inhibitory effects on growth
of nitrogen fixing and nitrifying bacteria
(Kanchan and Jayachandra 1981). According
to Rice (1984) phenolics are the most common
and
widely distributed water
soluble
allelochemicals.
In Table 1 bioherbicidal activity of few
weeds are shown that caused significant
reduction of different weeds under field and
controlled conditions.

Table 1 Weeds having herbicidal properties
Weed Name

Dose/extract

Chemical compound Bioactivity against

Semenovia
transiliensis
Psacalium
decompositum

Chloroform at
10-100µM
water
and
petroleum
ether extract
0, 1, 5, and
10 %
concentrations
Extract

Furanocoumarins

Dicots and monocots

Sondhia et al., 2012

cacalol

Amaranthus
hypochondriacus
and
Echinochloa crus- galli,
Eragrostis tef

Anaya et al., 1996.

Ascardidole

Weeds

Ahmed, 2000

Saponin

Triterpenoidal
saponin

Ipomoea sp. Vicia sativa,
Echinochloa colona

Aquoes and
organic
extracts
25-100 %

Various
phytochemical

Echinochloa
Phalaris minor

Sondhia
and
Saxena
2002,
2003, 2004
Sondhia and Swain
2002,

salicylic acid, gallic
acid, vanillic and
syringic acid, 2methylresorcinol
Essential
oils,
triterpenoids

Spinah, mustard,
bulrush millet

Parthenium
hysterophorus
Chenopodium
ambrosiodes
Xanthium
strumarium
Datura
stramonium
launnacea
procumbens
Rammaya
and
rajgopala
Tagetes minuta

Flowers and
Leaf powder

leaf
extracts

aqueous

Mode of bioherbicidal action
Weeds adopt several mode of action to
exhibits bioherbicidal activity. The escape of
these chemicals into the environment occurs
through various mechanisms such as
leachation, volatilization and microbial decay
of dead and fallen parts, as well as root
exudation. These chemicals were reported to
have had allelopathic potential on various
agronomic crops and weeds and vegetable
crops. Glycoside mixture from Ipomoea
tricolor inhibited activity of the plasma
membrane ATPase in Echinochloa crus-galli.
4-phenyl coumarins isolated from Exostema
caribaeum and Hintonia latiflora (Rubiaceae)
and some semisynthetic derivatives acted as
uncouplers in spinach chloroplasts. The
glycoside
5-0-D-glucopyranosyl-7-methoxy3',4' -dihidroxy-4pheny1coumarin, 5,7,3',4' -

Reference

colona,

Tefera 2002

corn,

Shaukat et al, 2003

Echinochloa
crus-galli,
Cyperus rotundus, Vicia
sativa,
Ischaemum
rogusum

Batish et al. 2007
Sondhia
and
Saxena
2003,
2004

tetrahydroxy-4-phenyl-coumarin,
and
7methoxy-5,3',4'trihydroxy-4-pheny 1 coumarin
inhibited ATP synthesis and proton uptake.
On the other hand, basal and phosphorylating
electron transport was enhanced by these
2+compounds. The light-activated Mg ATPase
was slighted stimulated by the last two
coumarins. In addition, at alkaline pH
compound
5,7,3',4'-tetrahydroxy-4-phenylcoumarin stimulated the basal electron flow
from water to methylviologen, but at the pH
range from 6 to 7.5 the coumarin did not have
any enhancing effect. This last compound,
which possesses four free phenolic hydroxyl
groups, was the most active uncoupler agent.
Probably, the phenolate anions may be the
active form responsible for the uncoupling
behavior of 4-pheny1coumarins. The extract
of Parthenium hysterophorus induced a
variety of chromosomal aberrations in dividing
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cells, which increased significantly with
increasing concentrations and durations of
exposure (Rajendiran 2005). It indicated that
root elongation was affected more than of the
shoot.
CONCLUSIONS
The use of phytochemical in either
their native, degraded, or processed forms for
weeds management is receiving increased
attention as agricultural producers face
increasing restrictions on chemical pesticides.
The fact that some phytochemicals can be
produced in large quantities in plant material
and incorporated into soil as green manures
or organic amendments increases their
potential for use as components of pest
management strategies. Determination of the
mechanisms
responsible
for
weeds
suppression
with
phytochemical
also
represents a research area with exciting
possibilities. In order to improve efficacy of
phytochemicals, a greater understanding of
the effects of soil microbiology, soil properties
and environmental conditions on the active
compounds is necessary. Currently available
application methods need to be refined and
new and improved methods developed to
enhance the performance of phytochemical
for sustainable weeds management.
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Soil Solarization – a Novel Technique for Managing Weeds and Soil
Borne Diseases
V. P. Singh
Principal Scientist
Directorate of Weed Science Research (ICAR)
Maharajpur, Jabalpur 482 004 (MP)
1. Introduction
Innovative approaches to control the
pests including weeds are in great demand
around the world, particularly those which are
cost effective and less harmful to
environment. The search for such new control
methods which are effective and economic
and have minimal undesirable side effect is a
continuous process. In recent years, there has
been increasing concern regarding the
hazards of chemicals to the environment, the
farmers and the consumers. Therefore,
interest in non-chemical approaches which
aim to reduce pesticide usage is growing.
Manual weeding, though effective and
commonly used in India is expensive and time
consuming and also is not feasible in all
situations. Use of herbicides for controlling
weeds is very effective and economical but
due to associated residue hazard, evolution of
resistant biotypes and polluting the ecosystem
have necessitated development of alternate
non- hazardous means of weed management.
In this light harvesting of solar energy through
soil solarization for controlling soil-borne pests
including weeds, pathogens and nematodes
will be the key preposition to reduce the
dependency on chemicals.
Use of polyethylene mulches is not
new to agriculture but has been historically
used as a post-planting treatment. Black
polyethylene sheets are widely used to obtain
good weed control amongst other things.
However solarization is different in the sense
that clear polyethylene films are used as preplanting treatment. Soil solarization as a preplanting soil treatment to control soil borne
pathogens and weeds, was first described in
1976 by Katan and co-workers in Israel. This
involves mulching of the soil with clear plastic
films so as to trap the solar heat in the surface
soil. The resultant temperature increase would
be lethal to soil pathogens, nematodes, weeds
etc. This technique has been termed as solar
sterilization, solar heating of the soil, or solar
pasteurization,
plastic
or
polyethylene
mulching or tarping since 1976, but soil
solarization is widely accepted and concise.
The term 'soil solarization' denotes solar
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

heating of the moistened soil by mulching
(tarping or covering) with appropriate mulch.
The common mulch for this purpose is
transparent polyethylene and in some cases
polyvinyl chloride. This approach of killing
weed seeds and propagules seems to have
greater potential in tropical and sub-tropical
regions where air temperature goes up to
45° C during summer months.
2. Principles of soil solarization
Soil solarization is a hydrothermal
process, which brings about thermal and other
physical, chemical and biological changes in
the moist soil during, and even after
mulching (Stapleton and DeVay, 1986)
Global radiation composed of shortwave solar radiation and long-wave
atmospheric radiation, is the primary source of
energy for heating soils. While the transparent
polyethylene is permeable to short wave solar
radiation received from the sun, the long wave
terrestrial radiation is held back, which results
in trapping of the heat in the soil. Polyethylene
also reduces heat convection and evaporation
of water from the soil. Water evaporating from
the soil surface will condense on the mulch
and drip back to the soil surface. As a result
of the formation of water droplets on the inner
side of the mulch will trap the long-wave
radiation and thus eliminate radiating cooling
of the soil surface. In order to reduce heat
losses through sensible and latent heat fluxes,
the plastic mulch has to be kept intact (Mahrer
et al., 1984).
Solarization heats the soil through
repeated daily cycles. At lower soil depths
maximum temperature decrease, are reached
later in the day and maintained for longer
period of time
The following recommendations have
been made to bring about effective solar
heating of soil, providing climatic conditions
are adequate (Katan, 1981).

i)

Transparent not black polyethylene should
be used since it transmits most of the
solar radiation that heats the soil.
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soil heat
1964).

ii) Soil mulching should be carried out during
the period of high temperatures and
intense solar radiation.

transfer

characteristics

(Smith,

3.3 Soil moisture Adequate soil moisture
before tarping/mulching is necessary to
increase the thermal sensitivity, improve heat
conduction in the soil, and enable biological
activities. Saturated soil is optimal by a single
irrigation before tarping (Grinstein et al.,
1979).

iii) Adequate soil moisture during solarization
is necessary to increase the thermal
sensitivity, improve heat conduction in the
soil, and enable biological activities.
iv) The thinnest polyethylene tarp possible
(25-50 µm) is recommended, since it is
both cheaper and comparatively more
effective in heating due to better radiation
transmittance than the thicker one.

3.4
Polyethylene
characteristics

film

types

and

Transparent polyethylene films are
more efficient in trapping solar radiation
(Horowitz et al., 1983, Bhaskar et al., 1998,
Mudalagiriappa et al., 1999)) and residual
weed control than black films (Table 1).
Besides clear transparent polyethylene costs
less and has high strength and allows
maximum transmittances of radiation. Thinner
films, 19-25 µm are more effective for solar
heating than thicker films (50-100 µm) and are
proportionately less expensive (Stapleton and
Devay, 1986). Patel et al. (1989) also
observed that transparent polyethylene was
more effective than black polyethylene in
reducing weed density and dry weight in
tobacco.

v) Extend the solarization period usually
from four weeks to six or eight weeks
enables control at deeper layer.
3. Factors influencing effectiveness of soil
solarization
3.1 Soil preparation Good land preparation is
essential to provide a smooth even surface,
so that the polyethylene film is laid close to
the soil with a minimum of airspace to reduce
the insulating effect of an air layer
3.2 Soil characteristics Dark soils absorb
more radiation than light soils. Small
differences in soil characteristics or moisture
content can translate into large differences in

Table 1: Effect of plastic type on soil temperature during solarization and weed control
(Horowitz et al., 1983)
Type of plastic

Maximum soil
temperature (° C) at
depth

Weed emergence (No./m2) after plastic removal
Pigweed

Common purslane

5 cm

15 cm

1 month

11 months

1 month

11 months

Control

30.4

28.2

92a

70a

24a

12a

Black polyethylene

39.7

31.4

8

1

29

2

Transparent P.V.C*

47.4

35.9

0b

0b

12b

2b

Transparent thin (0.03
mm) polyethylene

49.5

36.1

1

Transparent thick (0.10
mm) polyethylene

47.7

35.0

1

b

b

b

0

b

1

a

b

8

b

6

b

b

3

b

b

2

b

*P.V.C. = Polyvinyl chloride (0.09 mm)
Figures in the same column followed by the same letter do not differ at 5% level of significance
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3.5 Beds – width and direction

many situations. In India April- May in south
and May-June in northern parts experienced
intense radiation and are best suited for
solarization (Yaduraju, 1993). As solarization
effect is restricted to surface soil only (0-10
cm), pest control at greater depths may be
achieved with extended period of PE
mulching. Egley (1983) found that only one
week of solarization treatment significantly
reduced the number of viable seeds of Sida
spinosa, Xanthium pensylvanicum, Abutilon
theofrasti and Anoda cristata. When the
duration increased to 2 weeks, additional
species were controlled. Solarization for a
period of 10 weeks effectively controlled
perennial weeds (Rubin and Benjamin, 1983).
The effect was very clear on common
purselane and appreciable on the field
bindweed. Singh et al., (2000) observed that
solarization for a period of 3-4 weeks during
summer (May to June) was enough to control
most of the annual weeds in soybean (Table
2)

Mahrer and Katan (1981) recorded a
2 to 4° C lower temperature at the edge of the
mulch than the Centre, at the same soil depth.
Horowitz et al. (1983) observed that there was
no weed emergence from a 20 to 140 cm
band width, the temperatures at the 5 cm
depth were comparable; temperatures were
generally 1 to 2° C higher at the 15 cm depth
with the wider band and irrigation during the
solarization period.
Beds running in a north-south
direction are preferable to an east-west
direction to avoid a lower temperature on one
side of the bed.
3.6 Timing and duration of soil solarization
The technique is most effective when
it is practiced in warmest summer months,
with adequate duration of 4-6 weeks under

Table 2: Effect of period of solarization on population and dry weight of weeds and seed yield
of soybean, NRCWS (Singh et al., 2000).
Period of solarization

Weed density/m
30 DAS

2

Weed dry weight (g/m2)

60 DAS

a

a

30 DAS
a

60 DAS

Seed yield
(kg/ha)

Control

96.9

122.9

43.9

69.6a

831a

Solarization for 3 weeks

0.0b

43.6b

0.0b

46.1b

1391b

Solarization for 4 weeks

0.0b

40.1b

0.0b

32.2b

1403b

Solarization for 5 weeks

0.0b

38.8b

0.0b

32.1b

1473b

Summer ploughing

83.6a

79.4c

20.8c

76.4a

910a

Figures in the same column followed by the same letter do not differ at 5% level of significance.
DAS = Days after sowing
3.7 Size of mulch
Numerical calculation with twodimensional model (Mahrer and Katan, 1981)
reported that soil heating at the edge of the
mulch is lower than in its centre. Therefore,
narrow mulch is less efficient in heating the
soil than a wide one.
3.8 Soil mulching with aged (used) covers
In many situations, used mulching
material is available to the farmer at no extra
cost. On the basis of field experience it was
reported that higher temperature prevail under
the old polyethylene sheet than a new one.
Avissar et al., 1986 found that the photometric
properties of the transparent polyethylene
sheet change significantly during its ageing
process. Fine water droplets condense on the
inner side of a new film laid on wet surface,
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

while on an aged film a water film with soil
deposits
is
formed
resulting
more
transmission of global radiation and less
atmospheric radiation than the new one for
better soil heating.
4. Causes of seed death
The probable mechanisms involved in
the weed control process using soil heating
(Rubin and Benjamin, 1984) are:
1. Direct thermal killing of germinating or
even dormant seeds;
2. Thermal breaking of seed dormancy
followed by thermal killing;
3. Thermally induced changes in CO2/O2,
ethylene and other volatiles which are
involved in seed dormancy release
followed by thermal killing;
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4. Direct effect of high temperature
interacting with toxic volatiles released
from decomposing organic matter or seed
metabolism;
5. Indirect effects via microbial attack of
seeds
weakened
by
sub-lethal
temperature.

40 day solarization. The heat tolerance of M.
indica has been attributed to its thick seed
coat (Yaduraju, 1993).
Table 3: Effect of Soil solarization on some
major weeds
Weed species

5. Effect of Soil Solarization
5.1 On soil temperature
Maximum temperatures in upper soil
layers under ideal conditions are achieved
within 3-4 days after solarization begins
(Mahrer, 1979). The upper 15-30 cm of soil
show diurnal temperature changes influenced
by day and night air temperatures. Typical
mean maximum soil temperatures in
solarization plots are 8 to 12° C higher than in
corresponding non-solarized plots (Yaduraju,
1993 and Singh et al., 2000). In Dharwad,
while the increase with 100 µm TPE film was
9.7° C, it was 13.8 ° C with 50 µm TPE film and
1.2 ° C was with black film (Emani, 1991).
5.2 On weed emergence
Due to elevated temperature in soil
following solarization treatment it results in
reduction in the population of soil borne
pathogens, nematodes and weeds. The
response to solarization in weeds varies with
weed species. Soil solarization was most
effective at controlling broad-leaved weeds
than sedges and grasses (Reddy et al. 1998).
Several studies over many years have
revealed that many rainy and winter season
annuals are susceptible to soil solarization.
The dominant weeds viz. Trianthema
monogyna,
Dactyloctenium
aegyptium,
Acrachne
racemose,
Digera
arvensis
Echinochloa colona; Eleusine indica,and
Commelina spp. in rainy season and Avena
ludoviciana, Phalaris minor, Chenopodium
album; Rumex dentatus, Fumaria indica, etc.
of winter season were highly sensitive to
solarization treatment. (Table 3). However,
Cyperus rotundus, Melilotus indica and
Convolvulus arvensis were tolerant; though
the
seed-borne
sedges
were
highly
susceptible. The survival of Cyperus rotundus
tubers in the soil has been attributed to heat
resistance of the tubers (Kumar et al., 1993).
As solarization effect diminishes with soil
depth, weeds, which are capable of putting up
growth from deeper layers, survive the
treatment. Solarization for a mere 10 days
gave complete control of Phalaris minor and
Avena ludoviciana, the most dominant grass
weeds in winter in India, there was an
increase in the population of M. indica even at
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Acrachne racemosa
Avena ludoviciana
Chenopodium album
Cichorium intybus
Commelina
benghalensis
Commelina
communis
Convolvulus arvensis
Cyperus rotundus
Dactyloctenium
aegyptium
Digera arvensis

2

Population/m
Non
Solariz
solarized
ed
943
161
9
0
30
0
7
2
14
0
9

2

3
52
139

3
40
21

125

3

Echinochloa colona

21

2

Medicago hispida

3

2

Melilotus indica

88

89

Phalaris minor

41

0

Phyllanthus niruri
Trianthema
portulacastrum

17
173

7
3

Soil solarization was also found to be
highly effective against parasitic weeds like
broom rape (Orobanche spp.) for which other
control methods failed. Soil solarization
controlled Orobanche by 90 % in Israel
(Jacobsohn et al., 1980), 72-100% in Sudan
(Braun et al., 1988) in the faba bean and
tomato field. In cabbage, solarization for 2-6
weeks alone killed Orobanche seeds at soil
surface, but had no significant effect on seeds
below the surface. Solarization with chicken
manure, however, killed Orobanche seeds at
all depths. (Haidar and Sidahmed, 2000)
The overall effect is best in crops,
which form quick canopy cover. Otherwise,
slow growth of crop plants may give way for
weed seeds, which have escaped solarization
treatment. Although the density of weeds is
substantially reduced due to solarization, their
increased biomass may seriously interfere
with crop growth and yield. Under such
circumstances, a low-energy input manual
weeding or chemical would prove highly
beneficial and cost-effective (Yaduraju, 1993).
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5.3 On weed seed bank
The reserves of dormant weeds in
agricultural soils provide a source of seeds for
persistent weed problems that often require
repeated control measures. A reduction in the
number of dormant weed seeds in the soil
should also correspondingly reduce weed
persistence and weed control requirements.
Hence, soil solarization would be desirable as
a means of reducing the dormant weed seed
reserves in the soil. However, solarization was
not found to eliminate dormant weed seeds
from the germination zone. The treatments
killed non-dormant seeds and greatly reduced
the number of weed seedlings (Table 4) that
otherwise would have emerged (Egley,1983).
Although weed seeds in the surface 5
cm soil are killed to a great extent soil
solarization has rather a poor effect on weed
seeds at deeper layers. Solarization for 6
weeks killed seeds of Commelina communis
in the top layer up to 11 cm but that of
Cyperus sp. and Echinochloa crusgalli only
upto 3 to 4 cm and for 3 weeks Eleusine
indica and Amaranthus up to 5 cm (Standifer
et al., 1984). Solarization reduced annual blue
grass (Poa annua) seed survival from 89 to
100 % in the upper 5 cm of soil, but did not
reduce survival below 5 cm (Peachey et al.,
2001).
Table 4: Effects of soil solarization on weed
seedling emergence (Egley, 1983).
2

Weeds emerged (no./m )
Weed
species

Not
covered

a

65

b

13

300

b

3

41

Pigweed
(Amaranthus
species)

4

c

c

15

9

c

b

0

b

0

5.4 On crop growth and yield
As soil solarization has tremendous
effect on soil-borne pathogens, nematodes
and weeds, the treatment enables the crop to
grow and yield better as compared to nonsolarized field (Table 5). The magnitude of
increase depends upon the type of pest
problem and the degree of control. Control of
weeds alone due to solarization increased the
yield of onion by 100-125 (Katan et al., 1980),
groundnut by 52% (Grinstein et al., 1979),
sesamum by 72% (Stapleton and GarzaLopez, 1988) and 77-78% in soybean (Kumar
et al., 1993; Singh et al., 2000). Solarization is
very effective in controlling parasitic weed
Orobanche, and yield of 78 t/ha of carrot was
reported from solarized plot while the nonsolarized plot did not yield at all. Similarly,
there was a 20% increase in yield of bean due
to Orobanche control by solarization
(Jacobsohn, et al., 1980). Many studies on
solarization effect demonstrated the increased
growth and yield of crop plants even in places
where there is no infestation of either soilborne pathogens, nematodes or weeds. This
could be attributed to several chemical and
biological changes in soil caused by solar
radiation when covered by clear plastic films
especially when the soil has a high moisture
content (Yaduraju and Kamra, 1997). With
adequate control of weeds and nematodes
through chemical or mechanical methods,
solarization still enhanced the yield of
soybean (Yaduraju, 1993)
Table 5: Effect of soil solarization on crop
productivity

b

Treatments

Crop productivity ( 2
years mean data)
-1

a

ab

76

Horse
purslane
(Trianthema
portulacastru
m L.)

74

Purple
nutsedge
(Cyperus
rotundus L.)

24

Total

2

306

841

b

1

a

Grasses

Morning
glory
(Ipomoea
spp.)

Period covered (weeks)

Total includes weeds in addition to those
identified in the table.

54

a

a

a

1385

b

0

a

26

4

a

43

a

b

a

22

a

17

a

43

bc

495

9

c

140

c

28

Yield ( kg ha )

b

2

a

0

Total
income
(Rs/ha)

Soybean

Wheat

Control

753

2274

25,488

Hand weeding

1470

3741

38,350

Herbicides

1287

2965

37.381

Soil solarization

1952

3738

51,583

a

22

c

33

a

Within each weed class, means followed by
the same letter do not differ at the 5% level
b
according to Duncan’s multiple range test.
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5.5 On chemical changes in soil
Soils mulched with transparent plastic
films have frequently been reported to contain
higher levels of soluble mineral nutrients.
Significant increases in ammonium-nitrogen,
+2
+2
and electrical
nitrate-nitrogen, Ca , Mg
conductivity
were
consistently
found.
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+

-

Phosphorus, K and Cl increased in some
soils. Other micro-nutrients Fe+2, Mn+1',
+2
+2
Zn and Cu were not increased (Stepleton
and Devay, 1986). At ICRISAT,Hyderabad
Chauhan et al.,1988 demonstrated that
solarization did not significantly affect pH, EC
or
available
P levels.
Soil
NO3-N
concentration only to a depth of 30 cm was
increased, specially where soil was irrigated
before solarization (Table 6). Soil NH4-N was
not affected by solarization at any depth.
While, at New Delhi, there was an increase in
nitrate-N and ammonical-N but organic carbon
content was not altered (Yaduraju, 1993).
However, in many studies in different
soils types and nutrient sources, it has been
observed that the increases in levels of soil
nutrients are transient and do not persist long.
Therefore, the increased growth response
(IGR) following soil solarization is likely to
result from reductions of major factors limiting
plant growth such as fungal or bacterial
pathogens, nematodes, soil borne insects or
weeds rather than increased mineral nutrient
availability (Yaduraju and Kamra, 1997).
Table 6: Effect of soil solarization on
nitrate and ammonium nitrogen
-1
content in soil (mg Kg ) of
different depth of a vertisol.
Treatments

Nonsolarized
Solarized
Nonsolarized
Solarized

Soil depth (cm)
0-15
15-30
30-45
Pigeo
Chic
Pigeo
Chic
Pigeo
Chic
n pea
kpea
n pea
kpea
n pea
kpea
Nitrate nitrogen (NO3-N)
5.3
3.2
4.6
3.7
4.5
4.4
13.5
4.2

9.3
8.2
8.6
5.0
Ammonium nitrogen (NH4-N)
3.4
4.3
6.0
5.5

6.3

4.2

4.0

5.2

4.6

5.0

5.5

4.6

5.6 On biological changes in soil
In comparison to most other methods
of soil disinfestation, the effects of solarization
are selective on micro-organisms but it is
sufficient to mention that the shift in the microbiota of the soil following solarization is in
favour of antagonists. These organisms are
usually saprophytes rather than pathogens
which may subsequently inactivate surviving
phytopathogenic fungi, bacteria, nematodes
and weeds seeds that are damaged or
weakened by solarization. Verticillium and
Fusarium wilts of several crops have been
successfully controlled by solarization. These
effects may persist for several seasons.
Schreiner et al. (2001) observed that
solarization did not reduce the infectivity of
AM fungi immediately after the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

solarization. But infectivity was greatly
reduced 8 months after solarization.
Solarization apparently reduced AM fungi in
soil indirectly by reducing weed populations
that maintained ineffective propagules.
Several investigations have been made on the
effect of solarization on native as well as
inoculated Rhizobium. The native population
of Rhizobium or nodulation in pigeonpea and
chickpea was decreased with solarization
followed after irrigation (Chauhan et al.,
1988). However, in unirrigated condition, soil
solarization did not alter rhizobium population
and nodulation. Population of Rhizobium,
sufficient to cause heavy nodulation of roots
survived solarization in Israel (Katan, 1981).
Better response (Table 7) of mungbean,
cowpea,
soybean and groundnut
to
inoculation of Rhizobium was observed in
New Delhi (Yaduraju,1993)
Effect of solarization on total parasitic
nematode was significant and drastic. The
population of all parasitic nematodes of
chickpea including Heterodera retusus,
Pratylenchus spp, Rotylenchulus reniformis,
Tylenchorhynchus spp., and Heterodera
larvae, was markedly affected by solarization.
Solarization also significantly reduced ant and
earthworm numbers but had no effect on
millipede population (Ricci et al., 1999).
The thermal inactivation of soil-borne
pests alteration of soil micro-biota to favour
antagonists of plant pathogens and pests,
release of soluble mineral nutrients from soil
all appear to be components in IGR seen in
crop plants. With the combination of such a
broad scope of favourable components
(Stapleton and Devay, 1986), it is likely that
most crops would benefit from soil
solarization.
Table

7: Effect of solarization and
Rhizobium inoculation on seed
yield (kg/ha) of some
legumes
(Yaduraju, 1993).

Crops

Solarized

Non-Solarized

+
+
Inocula Inocula Inoculatio Inoculati
tion
tion
n
on
Soybean

1833

2683

717

1383

Groundnut

1489

1756

844

1112

Mungbean

1191

1315

547

556
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6. Applicability
solarization

and

potential

of

soil

Soil solarization is a unique method of
pest control. It is (i) non-hazardous, (ii) userfriendly, (iii) environmentally- benign, (iv) not
dependent on fossil fuel, (v) effective on a
wide variety of pests including soil borne
fungi, bacteria, nematodes and weeds, (vi)
often effective for more than one season or a
year, and (vii) stimulatory to crops.
The solarization technique is simple
and easy to be adopted by farmers. However,
its immediate application appears to be more
promising in nursery areas and in high value
crops, such as in vegetables, floriculture, etc.
In addition, pre-plant solarization film may be
left in place, after plant emergence, as postplant mulch. Soil solarization has been shown
to enhance degradation of pesticide residues
in soil, hence could be employed for
decontamination of polluted soil. Till date,
there are no contradictions on use and
efficacy of solarization in any crop, except
economic considerations. In estimating its
economic value, not only the possible
replacement for herbicide and other pesticide
treatments but also as an eventual solution for
situations in which no other safe and efficient
method is available, should be considered.
7. Limitations
Despite of many advantages, solarization
is not being adopted on large scale, possibly
because of some of the following limitations:


Solarization is in fact indirectly
dependent on fossil fuel, since they are
used in the production of the plastics.



Disposal of plastic film is the greatest
problem. The answer to this problem
could be use of biodegradable plastic
films.



Removal and reuse of the film is not
feasible in large-scale operations that
utilize machines to lay plastic films.



Lack of persistence of nematode control
and poor control of some weeds mean
that supplemental control methods are
often needed, particularly in crops that
occupy a field for a long duration.



In some climates cloudiness and rainfall
during the hottest part of the year can
limit effectiveness.



Difficult to retain the films intact during
period of heavy winds.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

It can only be used in regions where
the climate is suitable and the land is free of
crops for about a more than a month. The
major constraint is the high cost of the
treatment; currently the cost of PE films is
very high in India. Thinner films, which are
incidentally more efficient, would be more
economical. As the period of use is limited to
4 to-6 weeks, very often the same material
could be used once again, thus reducing the
cost by one half. Control of different types of
pests, in successive crops grown in
succession, savings in nutrient application and
increased growth and yield of crops, all will
have to be taken into consideration while
computing the economics of soil solarization
treatment.
8. Conclusion
Solarization is an effective nonhazardous technique for pest control including
broad spectrum weeds, but its use is
restricted to the region where the climate (
intense solar radiation and clear sky) is
suitable and the land is free of crops for about
a more than a month at the time of mulching.
Majority of the area experiencing more than
40 ° C mean daily temperature from April to
June, most importantly crop free period is
suitable for solarization. Besides pest control,
the polyethylene mulching also alters the soil
chemical and biological properties. These
changes usually bring about enhancement in
crop growth and yield. Moreover, soil
solarization also reduces the necessity for
chemical applications to soil and the
requirement of fertiliser. Its effect on some
deadly soil-borne diseases and on perennial
and parasitic weeds is a big advantage. This
technique could be profitably practised in
nursery beds and high value crops. The cost
of the treatment can be considerably reduced
by 50 % through its reuse to solarize the other
area of the field in the same summer.
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Approaches for Enhancing Oilseeds Productivity and Moderation of
A.R.G. Ranganatha1, M.R. Deshmukh and Alok Jyotishi
1

Project Co ordination Unit (Sesame and Niger),
ICAR, JNKVV Campus, Jabalpur – 482 004

India plays an important role in global
vegetable oil economy contributing to about
14.53% of world oilseeds cropped area,
7.41% of oilseeds production and 5.24% of
vegetable oils production. However, the
productivity is only 1006 kg/ha as compared to
world average of 1957 kg/ ha (Oilseeds
Situation, 2010). India has the largest area in
groundnut, sesame, safflower and castor. The
country ranks first in production of safflower,
castor and sesame, second in groundnut, third
in rapeseed- mustard, fourth in linseed and
fifth in soybean respectively. India is endowed
with diverse agro ecological conditions ideally
suitable for cultivation of all annual oilseed
crops viz.; soybean, rapeseed – mustard,
groundnut, sunflower, sesame, safflower,
castor, linseed and niger. The major oilseed
growing states are Rajasthan (28.81%),
Gujarat (13.18%), Madhya Pradesh (11.59%),
Andhra Pradesh (4.42%), Maharashtra
(3.01%), and Karnataka (3.01%). The other
states, North Eastern states and Union
Territories cover 16.1% of oilseed area.
Rajasthan (15.25%) also tops among the
major oilseed producing states followed by
Madhya Pradesh (13.70%), Gujarat (13.26%),
Uttar Pradesh (6.93%), Tamil Nadu (5.04%),
Karnataka (5.0%), Andhra Pradesh (2.97%)
and Maharashtra (2.34%). In India soybean
ranks first contributing 35.99% of the total
output
followed
by
rapeseed-mustard
(26.17%), groundnut (26.05%) and the other
oilseed crops (11.79%).
In India the productivity of oilseeds is
far below the world average. There is
substantial scope for harnessing the potential
of oilseeds both in terms of increase in
cropped
area
and
productivity.
The
approaches for yield maximization of oilseed
crops are discussed. (a) Most of the oilseed
crops are grown on marginal soils, poor in soil
fertility and moisture storage and are prone to
various processes of soil degradation. (b) All
the oilseed crops are grown under rainfed
conditions, characterized by water, nutrient
and environmental stresses.
(c) Rabi oilseed crops are grown on receding
soil moisture and rising temperatures. Crop
stand establishment is the main problem. (d)
Mixed cropping is the rule, rather than an
exception. Family needs and risk distribution
is the guiding principle rather than
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productivity. (e) Energy rich oilseed crops are
grown under energy starved environments
with inadequate wherewithals of production.
(f) Oilseed farmers do not adopt the
recommended fertilizer practices. Due to
uncertainties of rainfall and prices, farmers
hesitate to invest. Thus, oilseeds do not
receive the required care which makes oilseed
production risky. (g) Most of the oilseeds
growing regions in the country suffer from one
or the other micronutrient deficiencies. (h)
Almost all the oilseed crops are susceptible to
a host of biotic (weeds, diseases, pests) and
abiotic stresses (water, temperature, salt). (i)
Inadequate
post
harvest
technology,
deficiency in marketing support, storage and
processing arrangement has also adverse
effects on returns and incentives for
production. Marketing of oilseeds is subject to
intensive speculative activity resulting in large
fluctuations in price, the magnitude of which is
far more than would be warranted by
variations in production.
APPROACHES TO ENHANCE OILSEEDS
PRODUCTION
There is substantial scope for
harnessing the potential of oilseeds both in
terms of increase in productivity and cropped
area. The possible ways for increasing oilseed
production are as follows:
Area expansion: There is very limited scope
for expansion of area under oilseeds as the
demand for land for producing different
commodities will continue to rise to meet the
need of raising population and increasing
purchasing power. The area expansion in
oilseeds can be possible through replacement
of the less remunerative crops like millets and
minor food crops and partly from increased
cropping intensity. Under receding moisture
conditions in post rainy season, safflower
performs better than sorghum, wheat or
chickpea. Under short growing seasons, crops
like sesame and sunflower fit well.
Replacement of less remunerative crops will
continue at a smaller scale as the oilseeds will
have edge over other crops in terms of price
and relative production under environmental
stress conditions.
Besides
exploiting
limited
opportunities for area expansion under
oilseeds as sole crops, large potential exists
to introduce oilseeds as intercrops in several
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major crops. Introduction of oilseed crops as
inter crops with widely spaced crops is highly
beneficial. Even in crops like wheat,
introducing a row of mustard after 8-9 rows is
more profitable than sole wheat in most of the
irrigated wheat growing regions. Even in high
rainfall regions of eastern India, intercropping
groundnut and soybean in upland rice during
Kharif has proved highly remunerative.
Moreover, oilseeds can also be introduced as
inter crops in less remunerative, traditional
food crops like rainfed wheat, chickpea etc,
whose replacement is not possible.
The grey areas for exploration for
cultivation of oilseeds are newer areas and
seasons. In eastern India, rice fallows are the
potential areas for many oilseed crops like
sunflower, rapeseed-mustard, groundnut and
sesame. Oilseeds are more salt tolerant than
pulses and many cereals, hence better
opportunities for success in large tracts of
saline
areas/regions.
Likewise,
under
conditions of limited water availability for the
second crop of rice or in canals tailend areas,
oilseed crops are better options wherein with
less than a third of water needs of rice, better
crop of oilseeds like sunflower, sesame and
groundnut can be harvested.
Oilseeds crops like sunflower and
sesame are the better options under
contingency planning where the season for
regular crops is not conducive or they have
failed. They can also fit well as catch crops in
between two regular crops. Value addition to
some of the main and byproducts of oilseed
crops will further increase their profitability and
help expand the area.
Improving productivity
Although India holds an important
position in the world oilseed scenario, the
productivity of oilseeds in India is only 1004
kg/ha as compared to world productivity of
1987 kg/ha. Following are some of the
measures to increase oilseeds productivity.
Seed: Quality seed of improved varieties
and hybrids is one of the most important input
for increasing oilseeds productivity. Newly
developed improved varieties/hybrids have
shown 20-35% yield superiority over the local
cultivars with better resistance to pests and
diseases. With the exception of sunflower and
to some extent in castor, the seed production
is primarily left with public sector agencies
with many inbuilt limitations. While there is
excess or enough breeder seed production in
most of the oilseeds, further multiplication
through foundation and certified seed is the
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key constraint for availability of quality seed to
farmers. The seed replacement ratio in the
annual oilseed crops is not satisfactory.
Crop management:
Profitable
oilseed
production lies in efficient crop management
practices, many of which are no cost or low
cost inputs. Efficient crop management
practices starting from adoption of proper crop
rotation, timely planting, optimum plant stand
through adjustment in seed rate and thinning,
timely weed management, life saving
irrigation, balanced plant nutrition and need
based plant protection will have great
influence on productivity of oilseed crops.
Profit maximization is the prime motive for
oilseeds production.
Crop zoning: Cultivation of oilseeds is
widespread with varying productivity levels in
different regions/areas of the county. An
important strategy for efficient oilseeds
production identified is crop ecological zoning.
Delineating efficient zones for each oilseed
crops helps in realizing higher yield with
higher input use efficiency. All our efforts for
increasing area under oilseeds need to be
dovetailed to these crop ecological zones.
Supporting services like input supply,
marketing and processing have to be linked to
these efficient crop zones.
Nutrient management: Supply of plant
nutrients by the application of fertilizers plays
a key role in increasing oilseed crops seed
yield. The contribution of fertilizers to crop
production is estimated at about 50%.
Oilseeds are energy rich crops, however in
India they are mostly grown under energy
starved conditions. Low or no use of plant
nutrients is one of the most important factor
for low productivity of oilseeds. The nutrient
requirement of oilseeds in general, is high for
all the nutrients and need to be supplied in
adequate quantities for higher yield. Some of
the cropping systems involving oilseeds may
remove as much as 400 to 800 kg nutrients
(NPK)/ha/year
under
high
productivity
conditions.
Intensive
cropping
results
in
deficiency of secondary and micronutrients
with use of high analysis fertilizers. To achieve
the desired productivity the limiting secondary
and micronutrients need to be applied along
with major nutrients. Soybean and groundnut
being leguminous oilseeds can respond with
use of appropriate Rhizobium cultures. To
economise N fertilizer use, there is need for
promoting Rhizobium, as these crops together
account for more than 50% of the area under
oilseeds. These crops in sequence with other
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non legumes, can help in saving N fertilizer to
the extent of 30 to 40 kg N/ha. In our country
where the average consumption of plant
nutrients is very low and still lower in oilseeds,
the residual fertility build up due to legumes is
obviously a major contribution, which must be
fully exploited for increasing oilseed
production.
Biofertilizers
like
Azotobactor,
Azospirillum and Phosphorus solubilising
bacteria (PSB) can also play an important role
in achieving economy in chemical fertilizer
use. These need to be promoted in different
oilseeds alongwith Rhizobium for leguminous
oilseed crops. Fertilizer management has to
be practiced on a system basis for achieving
higher efficiency and economy which leads to
higher production. Specific attention need to
be given to harness the residual effects of
fertilizers containing P, K and S. Sound
fertilizer management for inter cropping
system, which can meet the nutrient needs of
component crops will go a long way in
enhancing the productivity of the system.
Irrigation: Application of one minimal life
saving irrigation at an appropriate time,
matching with the critical developmental stage
of crop would reduce the uncertainties of
production of safflower, rapeseed-mustard,
groundnut, sesame and sunflower and
increase the efficiencies of other inputs,
particularly fertilizers. In general, water
requirement of soybean, groundnut and
mustard are lower than those of HYVs of rice
and wheat and the water use efficiency,
specially at lower levels of use, is much higher
in case of annual oilseeds as compared to rice
and many other crops.
Policy support: At present there is an urgent
need to step up oilseed production and
sustain the same. For this government has to
formulate a comprehensive policy frame work
for oilseed sector taking in to consideration
various demands and keeping in view the
interests of consumers, industry, farmers and
above all the nation. The policy must stimulate
balanced growth of vegetable oils sector
which is sustainable. Since farmers readily
respond to the opportunities provided to them
through various price and non price signals, it
must be possible to effect a shift in cropping
system in favour of oilseed crops through
policy interventions. It must lead to socially
desirable and appropriate cropping system to
bridge the demand and supply and help attain
self sufficiency in essential agricultural
commodity like vegetable oil and lead to
maximization of farm income. The existing
farmer-research-industry-consumer-policy
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interface need to be strengthened further for
achieving the overall development of oilseed
sector in the county. This will certainly help to
increase the oilseeds production.
STRATEGIES
FOR
MAXIMIZING
OILSEEDS PRODUCTIVITY

IN

Short Term Measures: (a) Improved
agronomic practices per se can bring in
increase, provided the priorities are set right.
Applicable to all oilseed crops, practices like
balanced fertilizer use, intercropping and
weed control, will go a long way in imparting
stability to production and productivity. (b)
Good crop establishment with optimal plant
population is one single factor which forms the
fulcrum around which all improved agronomic
practices revolve. (c) In order to ensure this,
timely sowing, optimal seed rate (Viable seeds
properly dressed with fungicides) and planting
techniques is pre requisite. (d) Improving
efficiency of inputs should be the constant
endeavour. (e) Replacement of old seed stock
with new seed stock of improved varieties and
hybrids is essential. The coverage under
improved seed is dismally low.
Long Term Measures: (a) Agro climatic
approach to crop planning is a sound
principle. Crop substitution and introduction
are part of this exercise. Cropping systems
approach will bear fruits. (b) Soil and moisture
conservation base has to be very strong in
case of energy rich oilseed crops. Unless the
resource base is improved, nothing worthwhile
will emerge because good crop growth
environment forms the basis of stability. (c)
INM and IPM systems hold promise in the
long run and should therefore form part of
oilseeds production system. (d) Development
of improved agricultural implements and their
use in oilseed production systems will ensure
precision and efficiency. (e) A strong and
vibrant seed production and multiplication
programme should be laid out. (f) Post harvest
technology is of paramount importance. (g)
Continued price, market, credit and restricted
subsidy support to small and marginal
farmers. At last but not least the extension
agencies involved in oilseed production will
have to be revitalized. Minor oilseeds crop
growers are normally in the interior of villages
and are not easily approachable. The
extension workers have to disseminate the
appropriate production technology to the
farmers.
During the last decade the per capita
income of the Indians has increased due to
the enhancement of the middle income group
and capable to invest higher on luxuries and
food. Economists, therefore are predicting
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higher per capita edible oil consumption by
the middle class who have greater purchasing
capacity. This will ultimately increase the
demand for oilseeds in the country. Contrary
to what stated above, the youngsters of the
st
21 century, comprising the largest age group
are very much health conscious and are
aware of the hazards of inappropriate and
unhealthy food habits. They have already
reduced oily foods and also prefer organically
grown food with necessary Omega-3 etc.
The demand, supply and import
scenario of oilseeds in India, is not ideal
scientifically. The WHO also recommends
lower consumption of oils by higher income
group. However for lower income group,
supply of oils through PDS is essential. Based
on scientific estimates of requirements of oils
and also availability through invisible fat
sources and biological efficiency, the imports
can be reduced drastically. Further for self
reliance on oilseeds and to encourage
growers cultivation of oilseeds, the policies
need to promote our farmers, specially viewed
in terms of prices of oils and food items
growth in India. The real prices of oilseeds
and oils have declined in the past decades
compared to cereal crops, thus profitability of
oilseeds is not favourable to the farmers. For
sustainability of oilseeds and oils, appropriate
polices are essential for consumers as well as
producers for self reliance.
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Recent Advances in DNA Fingerprinting
R. S. Shukla1 and N. Shukla
Principal Scientist
Department of Plant Breeding and Genetics
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur-482 004
DNA (Deoxyribonucleic acid) is a
chemical structure that forms chromosomes.
A piece of a chromosome that dictates a
particular trait is called a gene. Structurally,
DNA is a double helix: two strands of genetic
material spiraled around each other. Each
strand contains a sequence of bases (also
called nucleotides). A base is one of four
chemicals (adenine, guanine, cytosine and
thymine). The two strands of DNA are
connected at each base. Each base will only
bond with one other base, as follows: Adenine
(A) will only bond with thymine (T), and
guanine (G) will only bond with cytosine (C).
Suppose one strand of DNA looks like this:
A-A-C-T-G-A-T-A-G-G-T-C-T-A-G
The DNA strand bound to it will look like this:
T-T-G-A-C-T-A-T-C-C-A-G-A-T-C
Together, the section of DNA would be
represented like this:
T-T-G-A-C-T-A-T-C-C-A-G-A-T-C
A-A-C-T-G-A-T-A-G-G-T-C-T-A-G
DNA strands are read in a particular direction,
from the top (called the 5' or "five prime" end)
to the bottom (called the 3' or "three prime"
end). In a double helix, the strands go
opposite ways:
5' T-T-G-A-C-T-A-T-C-C-A-G-A-T-C 3'
3' A-A-C-T-G-A-T-A-G-G-T-C-T-A-G 5'
What is DNA Fingerprinting: The chemical
structure of everyone's DNA is the same. The
only difference between people (or any
animal) is the order of the base pairs. There
are so many millions of base pairs in each
person's DNA that every person has a
different sequence.Using these sequences,
every person could be identified solely by the
sequence of their base pairs. However,
because there are so many millions of base
pairs, the task would be very time-consuming.
Instead, scientists are able to use a shorter
method, because of repeating patterns in
DNA. These patterns do not, however, give an
individual "fingerprint," but they are able to
determine whether two DNA samples are from
the same person, related people, or nonrelated people. Scientists use a small number
of sequences of DNA that are known to vary
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among individuals a great deal, and analyze
those to get a certain probability of a match.
Alec Jeffery et al. (1985) developed
the technique of DNA finger printing in human
being. The usefulness of DNA finger printing
technique for cultivar identification was
demonstrated by Dallas (1988) in rice. DNA
identification analysis,
identity testing,
profiling finger printing, typing of genotype, all
refers to the characterization of one or more
relatively rare features of an individual’s
genome are hereditary make up (Kirby,1990).
Besides helping varietals identification
DNA finger printing has numerous other
application in crop genetics such as; tagging
of economically useful traits, assessment of
genetic purity of inbred lines and varieties,
selection of recurrent parental genome in back
cross, and segregating generation their by
decreasing the number of generation required
to breed pure variety, study breeding behavior
of crop plants and determine isolation
distance in seed production programme,
selection of parents in breeding programme to
obtain higher heterosis; Select parents with
GCA for a polycross programme; Select
parents with wider genetic base; Paternity
analysis in perennial in tree crop; identification
hybrid and maternal seedling in plants in
polyembrony e.g. Citrus, Mango etc.
DNA finger printing:
DNA finger is also known as DNA
typing, is a DNA based identification system
that relies on genotypic differences among
individuals or organism. DNA typing focus on
smallest possible genetic differences that can
occur in genotype; differences in the
sequences of four building blocks of DNA
driven
by
mutation,
crossing
over,
hybridization, environmental changes etc.
These
building
blocks
molecule;
or
nucleotides; are commonly designated A, T, C
and G. It is used for anywhere minute
differences in DNA markers, such as
determining the compatibility of tissue types in
organ trans plants, detecting presence of
microorganisms, traking desirable genes in
the plants and animal breeding, establishing
paternity etc.It is powerful tools for genetic
identification in plants and microoranisms.
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A genetic marker can be defined in
one of the following ways:
a.

A chromosomal landmark or allele
that allows for the tracing of a specific
region of DNA.

b.

A specific piece of DNA with a known
position on the genome or

c.

A gene whose phenotypic expression
is usually easily discerned, used to
identify an individual or a cell that
carries it, or as a probe to mark a
nucleus, chromosomes, or locus.

Kinds of Molecular Markers:
The various molecular markers can be
classified into different groups based on:
a)

b)
c)

Mode of transmission (biparental
nuclear inheritance, maternal nuclear
inheritance,
maternal
organelle
inheritance, or paternal organelle
inheritance).
Mode of gene action (dominant or co
dominant markers).
Method of analysis (hybridizationbased or PCR based markers).

e)
f)

PCR-based markers
PCR is a molecular biology technique
for enzymatically replicating (amplifying) small
quantities of DNA to amplify a short (usually
up to 10 kb), well-defined part of a DNA strand
from a single gene or just a part of a gene.
Basic protocol for PCR:
1.
2.

3.

Hybridization-based molecular markers
RFLP is the most widely used
hybridization-based molecular marker. RFLP
markers were first used in 1975 to identify
DNA sequence polymorphisms for genetic
mapping of a temperature-sensitive mutation
of adeno-virus serotypes (Grodzicker et al.,
1975). The procedures and principles of RFLP
markers are summarized:
a)
b)
c)
d)
e)

Digestion of the DNA with one or
more restriction enzyme(s)
Separation of the restriction fragments
in agrose gel.
Transfer of separated fragments from
agrose gel to a filter by Southern
blotting.
Detection of individual fragments by
nucleic acid hybridization with a
labeled probe(s)
Autoradiography

Limitations:
a)
b)
c)
d)

It requires the presence of high
quantity and quality of DNA
It depends on the development of
specific probe libraries for the species.
The technique is not amenable for
automation.
The level of polymorphism is low, and
few loci are detected per assay.
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It is time consuming, laborious, and
expensive (Yu et al., 1993).
It usually requires radioactively labeled
probes.

4.

Double-stranded DNA is denatured at
o
high temperature (92-95 C) to form
single strands (templates).
Short single strands of DNA (known as
primers) bind at a lower annealing
temperature to the single stranded
complementary templates at ends
flanking the target sequences
The temperature is raised usually to 72
o
C (sometimes 68 oC) for the DNA
polymerase enzyme to catalyze the
template-directed syntheses of new
double-stranded DNA molecules that
are identical in sequence to the starting
material.
The newly synthesized doublestranded DNA target sequences are
denatured at high temperature, and the
cycle is repeated.

Advantages of PCR techniques:
1.
2.

A small amount of DNA is required.
Elimination of radioisotopes in most
techniques.
3.
The ability to amplify DNA sequences
from preserved tissues.
4.
Accessibility of methodology for small
labs in terms of equipment, facilities,
and cost.
5.
No prior sequence knowledge is
required for many applications, such
as AP-PCR, RAPD, DAF, AFLP and
ISSR.
6. High polymorphism that enables to
generate many genetic markers within
a short time, and
7. The ability to screen many genes
simultaneously either for direct
collection of data or as a feasibility
study prior to nucleotide sequencing
efforts (Wolfe and Liston, 1998).
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Types of PCR Based Markers
1.

Arbitrarily Amplified DNA Markers:
Multiple arbitrary amplicon profiling
(MAAP). RAPD (random amplified
polymorphic
DNA),
AP-PCR
(arbitrarily primed PCR) and DAF
(DNA amplification fingerprinting)
have been collectively termed

2.

AFLP (amplified fragment length
polymorphism)

3.

ISSR (inter-simple sequence repeat)

4.

Microsatellites

5.

Microsatellites

6.

SNP (single nucleotide polymorphism)

7.

DArT (diversity arrays technology)

A number of factors need to be
considered in choosing one or more of the
various molecular marker types:
a)
b)
c)
d)
e)
f)
g)
h)
i)

Marker system availability.
Simplicity of the technique and time
availability.
Anticipated level of polymorphism in
the population.
Quantity and quality of DNA available.
Transferability between laboratories,
populations, pedigrees and species.
The size and structure of the
population to be studied
Availability of adequate skills and
equipment
Cost per data-point and availability of
sufficient funding.
Marker inheritance (dominant versus
codominant) and the type of genetic
information sought in the population

Molecular markers as tool for
Fingerprinting:
Genetic
fingerprinting
of
microbial
communities: The use of ribosomal RNA
(rRNA) as molecular marker to identify
microbial populations is now routinely used in
microbial ecology. One of the strategies
herein is cloning of PCR products obtained
from environmental DNA to explore the
diversity of microbial communities without the
need of cultivation. Although successful, this
approach is for practical reasons not suited to
study the complex dynamics which microbial
communities can undergo by diel or seasonal
fluctuations
or
after
environmental
perturbations. For this purpose, genetic
fingerprinting techniques are better tools. Here
I present the current status of the application
of genetic fingerprinting techniques in
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microbial ecology and give an outlook into the
future.
1. LMW RNA fingerprinting: LMW RNA
profiling has been used to monitor
bacterial population dynamics in a set of
freshwater mesocosms after addition of
non-indigenous bacteria and culture
medium .The approach was also used to
investigate the diversity and activity of
bacterial populations in a stratified water
column of the central Baltic Sea. LMW
RNA profiling used to compare free-living
and
particle-associated
bacterial
communities from different depths and
different sites in an estuary bay. An
advantage of the LMW RNA fingerprinting
technique is the absence of an in vitro
amplification step to produce sufficient
material to be analyzed, because such an
amplification step might create errors .
Another positive point is that individual
bands can be sequenced or profiles can
be hybridized with specific probes to
assess the identity of the community
members.
However,
only
limited
phylogenetic information can be obtained
from the small 5S rRNA (max. 131
nucleotides) and tRNA (max. 96
nucleotides). Another weak point is the
rapid degradation of RNA, which might
form additional bands in the profiles
making the interpretation of results
difficult.
2. DGGE and TGGE:In 1993, Muyzer and
co-workers introduced another genetic
fingerprinting technique in microbial
ecology, that of denaturing gradient gel
electrophoresis (DGGE; ). A mixture of
PCR products obtained with genomic
DNA
extracted
from
a
complex
assemblage of microorganisms and
primers specific for a molecular marker,
such as the 16S rRNA gene, is separated
in a polyacrylamide gel containing a linear
gradient of DNA denaturants. Sequence
variation among the different DNA
molecules
influences
the
melting
behaviour, and therefore molecules with
different sequences will stop migrating at
different positions in the gel. Another
technique based on the same principle is
temperature gradient gel electrophoresis
(TGGE). Within a short time, DGGE and
TGGE have become very popular in
microbial ecological studies, and they are
now routinely used in many laboratories.
The techniques are used to profile
community complexity to study population
dynamics in microbial communities.
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3. SSCP: Another fingerprinting technique,
used in microbial ecology is singlestranded-conformation
polymorphism
(SSCP). In this technique DNA
fragments, such as PCR products
obtained with primers specific for the 16S
rRNA gene, are denatured and directly
electrophoresed on a non-denaturing gel.
Separation is based on differences in the
folded conformation of single-stranded
DNA,
which
influences
the
electrophoretic mobility. This technique is
used to study the structure and diversity
of natural bacterial communities.
4. RAPD and DAF: Randomly amplified
polymorphic DNA (RAPD) has been
used to follow the response of different
soil microbial communities to the
application of 2,4-D. This technique is
used
for
Methods
of
Microbial
Community Analysis. Similar approach,
named DNA amplification fingerprinting
(DAF) to compare microbial communities
of different bioreactors, and to monitor
population
changes
within
one
bioreactor. Both techniques use short (510 nucleotides) random primers, which
anneal at different sites of the genomic
DNA, generating PCR products of
various lengths. The products are
separated on agarose or acrylamide
gels, and visualized by ethidium bromide
or silver staining. Reproducibility is the
main problem of these techniques;
differences in quality and quantity of
template gel than the molecules which
are low in A+T, and so separation is
achieved.
5. RFLP and ARDRA: Restriction fragment
length polymorphism (RFLP) of PCRamplified rDNA fragments, otherwise
known as amplified ribosomal DNA
restriction analysis (ARDRA) has also
been used to characterize microbial
communities. 16S rDNA fragments are
generated by PCR using general
primers,
digested
with
restriction
enzymes, electrophoresed in agarose or
acrylamide gels, and stained with
ethidium bromide or silver nitrate. RFLP
analysis of PCRamplified 16S rDNA
fragments is made to estimate the
prokaryotic diversity in hypersaline
ponds.
6. T-RFLP: This technique, which is in
principle similar to RFLP or ARDRA,
makes use of fluorescently-labelled PCR
products. These products are terminally
labelled during the amplification process
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

by the use of one fluorescent primer in
the PCR reagent mixture. The amplified
genes are digested with a restriction
enzyme and subsequently assayed on
an automatic DNA sequencer. Only
those bands carrying the fluorescent
label, the terminal restriction fragments
are detected.
Terminal
restriction
fragment length polymorphism (T-RFLP)
to determine the genetic diversity of
microbial communities from activated
and bioreactor sludge, aquifer sand, and
termite guts.
The use of genetic fingerprinting
techniques has attracted the interest of many
scientists working in the field of environmental
microbiology. The reason for this is the
simplicity and speed to compare the genetic
diversity of different communities and to
monitor changes in bacterial populations after
a shift in environmental conditions. These
tasks are possible with all of the described
techniques, however, only a few of them, such
as LMW RNA profiling, DGGE and SSCP,
allow a further characterization of the
community members either by hybridization
analysis or by sequencing of excised bands.
With
the
exception
of
LWM
RNA
fingerprinting, all of the other techniques, i.e.,
DGGE/TGGE, SSCP, BbPEG, ARDRA,
TRFLP are based on analyzing DNA
fragments obtained by PCR amplification of
mixtures of bacterial genomes. On the one
hand PCR amplification is an excellent means
to obtain sufficient material for further
analysis, but on the other hand it creates
problems, such as chimera formation and
preferential amplification.
Herbal drug technology: Herbal drug
technology is used for converting botanical
material into medicines, where standardization
of quality control. The pharmanognosy mainly
addresses quality related tissues using routine
botanical and organolyptic parameters of
crude druges, and chemofrofiling assisted
characterization with chromatography and
spectroscopic techniques.
Genetic variation / genotyping: It has been
well documented that geographical condition
affects the active constituents of the plant and
hence their activity profiles. Many researchers
have studied geographical variation at the
genetic level. Estimates of genetic diversity
are also important in designing crop
improvement programmes for management of
germplasm
and
evolving
conservation
strategies. RAPD-based molecular markers
have been found to be useful in differentiating
different accessions of Taxus wallichiana,
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neem, Juniperus communis L., Codonopsis
pilosula,
Allium
schoenoprasum
L.,
Adnrographis paniculata collected from
different geographical regions. Similarly
different accessions of Cannabis sativa have
been discriminated using ISSR markers and
those of Arabidopsis thaliana L. Heynh.
Authentication of medicinal plants DNA-based
techniques have been widely used for
authentication of plant species of medicinal
importance. This is especially useful in case of
those that are frequently substituted or
adulterated with other species or varieties that
are morphologically and/ or phytochemically
indistinguishable. Dried fruit samples of
Lycium barbarum were differentiated from its
related species using RAPD markers. Three
RAPD primers have been identified that could
successfully discriminate between three
species of Atractylodes, from Chinese
formulation purchased from local markets. In
another study, three random primers were
used to reveal the genetic variability of
Astragalus medicine materials sold in Taiwan
market. SSCP analysis was also conducted
on PCR products from the ITS-1 region of
rDNA in order to differentiate the two
Astragalus species. Primers have been
designed
for
hybridization
with
the
hypervariable ends of microsatellite loci that
could reveal DNA-ploymorphism among five
Eucalyptus species. DAF has been used to
identify the Chinese traditional medicine,
Magnoliae officinalis, its counterfeits and
substitutes.
Selection of desirable Chemotypes: Along
with authentication of species identity,
prediction of the concentration of active
phytochemicals may be required for quality
control in the use of plant materials for
pharmaceutical purposes. Identification of
DNA markers that can correlate DNA
fingerprinting data with quantity of selected
phytochemical markers associated with that
particular plant would have extensive
applications in quality control of raw materials.
AFLP analysis has been found to be useful in
predicting phytochemical markers in cultivated
Echinacea purpurea germplasm and some
related wild species.
RAPD fingerprint has been developed to
support the chemotypic differences in oil
quality of three different genotypes of
Pelargonium graveolens and flavonoid
composition of Aconitum species. DNA
profiling has been used to detect the
phylogenetic relationship among Acorus
calamus chemotypes differing in their
essential-oil composition. Artemisia annua, a
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

source of antimalarial compound artemisinin,
shows variation in artemisinin content all over
India. These chemotype variants of A: annua
L. have been characterized using RAPD
markers. This study also revealed existence of
high levels of genetic variation in the Indian
population despite geographical isolation and
opens out a possibility of further genetic
improvement for superior artemisinin content.
An attempt has also been made to study
variation in essential-oil components and
interspecific variations using RAPD technique.
Morphological,
chemical
and
genetic
differences
I
twelve
basil
(Ocimum
gratissimum L.) accessions were studies to
determine whether volatile oil and flavonoids
can be used as taxonomical markers and to
examine the relation between RAPDs and
these chemical markers.
Medicinal plant breeding: ISSR-PCR has
been found to be an efficient and reliable
technique for the identification of zygotic
plantlets in citrus interploid crosses. Molecular
markers have been used as a tool to verify
sexual and apomictic offspring of intraspecific
crosses in Hypericum perforatum , a wellfertile clones of garlic with the help of RAPD
markers.
RAPD markers have been
successively
use
dfor
selection
fof
micropropogated plants of Piper lignum for
conservation.
Vegetables: Public & Private vegetable
breeders desire to improve new varieties with
beneficial traits. The quality, efficiency and
economy of a breeder’s methods for variety
selection and advancement of a new variety to
commercial use determine the number of
desirable characteristics that will be included.
The screening and testing methods that are
used will determine the predictability of
maintaining a desired trait, such as pest
resistance, during the breeding process. The
techniques utilized for some time using a barcode-like fingerprint of differentiating enzymes
and proteins (the products of the genes) for a
few important traits to monitor or reveal
inheritance in the same way. New, more
precise technologies for fingerprinting are
based on visualizing uniqueness in the
genetic material itself, DNA A variety of DNAbased
marker
systems
have
been
instrumental in the identification and cloning of
disease resistance genes from a number of
plants. The seed industry is beginning to use
DNA based markers to develop “fingerprint”
patterns for grouping or clustering complex
beneficial traits. This “cluster analysis” will
allow
breeders
to
predict
regional
performance or environmental adaptation
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based on shared marker patterns. For
example, processing tomatoes adapted for
California conditions cluster separately from
varieties that perform best in Ohio. The
efficiency and outcome of selection strategies
can be greatly enhanced by optimizing
breeding crosses to a targeted DNA marker
cluster.
Purity Testing of F1 Hybrid Seed in Chili: A
simpler and better method for purity testing of
hybrid pepper seed was developed. The
simplest method for extracting genomic DNA,
the NaOH method, was chosen. Tow RAPD
markers identifying male and female parents
were also developed, and the PCR products
of male- and female-specific RAPD markers
were cloned and sequenced. From these
sequences, new longer primers were
constructed for conversion into SCAR
markers. In blind tests the RAPD and SCAR
markers were able to reliably detect
contaminating exotic seeds. These PCRbased markers are therefore directly
applicable for purity testing by seed
companies. In addition, the PCR products of
the SCAR markers could be identified by
direct staining methods such as ethidium
bromide
and
pellet
painting
without
electrophoresis.
Fingerprinting and Genetic Diversity of
Maize Germplasm: DNA fingerprinting and
genetic diversity analysis facilitate the efficient
management of germplasm collections.
Accurate assessment of genetic diversity is
helpful
in
maize
breeding
for
maintaining/broadening the genetic base of
elite germplasm; for assigning lines to
heterotic groups; and for selecting appropriate
parental lines for hybrid combinations. As a
predictive tool, genetic distance between
inbred lines can be valuable in crops like
maize, where substantial resources are
devoted to filed-testing lines in various cross
combination to identify those with superior
combining ability. A network-wide effort was
made to fingerprint and characterize the
genetic diversity of maize germplasm in Asia
using simple sequence repeats (SSRs) or
microsatellites. Molecular profiling of 102
inbred lines, including tropical and subtropical
lines from the national programs in China,
Indonesia, Philippines, Thailand, Vietnam and
CIMMYT (Asian Regional Maize Program and
Maize Program), as well as temperate lines
from the US and Europe, revealed that
breeding activity in Asia has not caused a
decline in the overall mount of diversity in the
region.
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Fingerprinting method for rapid Pea variety
identification: Eight pea varieties were
selected for close investigation of intraaccession variation. Five individual plant per
variety were sampled, and further cultivated to
enable seed setting. The subsequent
generation
was
sown
in
controlled
greenhouse conditions. After genomic DNA
isolation, IRAP with Cyclop and Ogre F/R
primer combinations was performed on all
samples. No alteration of the major scorable
band pattern was observed among 5
individual plants of the given variety and in 2
subsequent generations (in total,. 10 progeny
plants were assessed, e.g. 50 plants per
accession). The only detected variation was in
minor low-intensity fragments of less than 150
bp and more than 800 bp, corresponding to
the reproducibility level of the IRAP technique.
This demonstrates both the robustness and
suitability of IRAP for genotype fingerprinting
together with minimal intra-accession variation
in the largely self-pollinating and therefore
highly homozygous plants.
RAPD Fingerprinting for assessment of
Soybean rhizobia: All soybean isolates as
well as reference strains were further
genotypically
characterized
by
RAPD
fingerprinting. Total genomic DNAs were
amplified with six oligonucleotide primers. The
amplification patterns revealed a high level of
polymorphism. All primers produced multiple
DNA products ranging in size form 0.15 to 2.8
kb. The primers produced up to 14 products
per strain. Compared with other fingerprinting
methods used in this study, the highest level
of genetic diversity among indigenous
soybean rhizobia was detected by using
several
oligonucleotide
primers
in
amplification reactions.
Genetic Diversity and DNA Fingerprinting
in Rice: The genetic diversity of 22 indica rice
(Oryza sativa L.) cultivars, including 12
Bangladeshi modern varieties and nearisogenic lines, and three japonica rice
cultivars was determined through DNA
fingerprinting using five microsatellite marker
loci (RM1, RM3, RM168, RM 226 and OSR
19) amplified by polymerase chain reaction
(PCR). The number of alleles detected in the
25 rice cultivars for these loci varied from 2 to
4 with an average 2.8.
Site of Einkorn Wheat Domestication
Identified by DNA Fingerprinting: The
emergence of agriculture in the Near East
also involved the domestication of einkorn
wheat. Phylogenetic analysis that was based
on the allelic frequency at 288 amplified
fragment length polymorphism molecular
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marker loci indicates that a wild group of
Triticum monococcum, boeoticum lines from
the Kkaracadag Mountains (southeast Turkey)
is the likely progenitor of cultivated einkorn
varieties.
Evidence from
archeological
excavation of early agricultural settlements
nearby supports the conclusion that
domestication of einkorn wheat began near
the Caracaras mountains.
DNA fingerprinting in Wheat for genetic
diversity: Random amplified polymorphic
DNA (RAPD) analysis was employed to
estimate genetic diversity/genetic similarity
among nine wheat (Triticum aestivum L.)
genotypes. Out of 25 random 10-mer primers
surveyed, 18 primers detected polymorphism
among all the wheat genotypes, while 7
primers produced monomorphic pattern. A
total of 175 bands were amplified, 60.57% of
which were polymorphic. Genetic similarity
matrix was generated on the basis of Nei and
Lis coefficients whose values ranged from
61.29% to 88.03%. the coefficients were used
to make cluster using un-weighted pair group
method of arithmetic means (UPGMA). Wheat
genotypes were grouped in two main clusters
(A and B). However, CMH-71917/PKV 1600
and VEE/Trap # 1 were the most distant
genotypes, with were 61.29 to 76.53% and
66.01 to 78.81% genetically similar with the
other genotypes, respectively. The information
generated here along with the use of most
advanced DNA fingerprinting techniques like
AFLP, SCAR, SSR and ESTs would be
helpful for future genome mapping programs
as well as for the application of intellectual
breeder rights in the country.
Diverse genetic background to achieve
sustainability in wheat production in
country: The use of DNA markers for
characterization
and
identification
of
genotypes is essential for the early detection
of true inter and intra-specific hybrids,
parentage of cultivars and patent protection.
DNA markers not only allow the easy and
reliable identification of clones breeding lines,
hybrids and cultivars but also facilitate the
monitoring of introgression and assessment of
genetic diversity and relatedness among
germplasm.
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Data are the fundamentals of statistics.
They can be generated through two ways:
(i) Sample surveys
(ii) Field experimentation
Design of experiment is very much
useful in field experimentation to test the
significant differences among the treatment
means. Some of the terminology which are
utilized in design of experiment given below:







Experiment
Treatment
Experimental unit
Experimental error
Precision
Layout

 Experiment:
Experiment is a means of getting an
answer to the question that the experimenter
has in mind. This may be to decide which of
several pain–relieving drugs that are available
in the market is the most effective or whether
they are equally effective. An experiment may
be planned to compare the Chinese method of
cultivation with the standard method used in
India. In planning an experiment we clearly
state our objective and formulate the
hypotheses we want to test.
 Treatment:
The
different
procedure
under
comparison in an experiment is the different
treatments. e.g. in an agricultural experiment,
the different varieties of a crop or the manures
will be the treatments. In a dietary or medical
experiment, the different diets or medicines etc.
are the treatments.
 Experimental unit:
An experimental unit is the material to
which the treatment is applied and on which
the variable under study is measured. In an
agricultural field experiment, the plot of land,
and not the individual plant, will be the
experimental unit; in feeding experiment of
cows, the whole cow is the experimental unit;
in human experiments in which the treatment
affects the individual, the individual will be the
experimental unit.
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 Experimental error:
A
fundamental
phenomenon
in
replicated experiments is the variation in the
measurement made on different experimental
units even when they get the same treatment.
A part of this variation is systematic and can be
explained, whereas the remainder is to be
taken of the random type .The unexplained
random part of the variation is termed the
experimental error .This is a technical term and
does mean a mistake, but includes all types of
extraneous variation due to –
 inherent variability in the experimental
units
 error
associated
with
measurements made and

the

 Lack of representativeness of sample
to the population under study.
 Precision:
The precision of an experiment is
measured by the reciprocal of the variance of
the mean:
1
n
v a r ia n c e ( m e a n )





2

As n i.e. replication number increases,
precision also increases. Another means of
2
increasing precision is to control σ , smaller the
2
value of σ , the greater the precision.
 Layout:
The term layout refers to the
placement of treatment to the experimental unit
according to the condition of design.
BASIC PRINCIPLES OF FIELD
EXPERIMENTATION
There are three basic principles:
 Randomization:
For an objective comparison, it is
necessary that the treatments be allotted
randomly to different experimental units.
Statistical procedures employed in making
inferences about treatment holds good only
when the treatment are allocated randomly to
the various experimental units . The purpose of
randomness is to ensure that the source of
variation not controlled in the experiment
operate randomly so that the average effect of
any group of units is zero. In other words
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randomization ensures that different treatments
on the average are subjected to equal
environmental effect.

experimental units .Then random allotment of
treatment A , B, C can be done to 5 , 3 and 4
experimental units as shown below.

 Replication:
The repetition of treatments by
applying them to more than one experimental
unit is known as replication. It results in more
reliable estimate of the treatment means than
is possible with a single observation. In any
experimental situation, replication is necessary
in order to get an estimate of experimental
error variation caused due to uncontrollable
factors. As it is, this variation, against which the
variability due treatments is compared. If we
repeat a single treatment a number of times the
mean of the treatment will be subjected to
standard error = σ/√r where σ is the nature
error variability.
 Local Control:
The reduction in the experimental error
can be achieved by making use of the fact that
adjacent areas in the field are relatively more
homogeneous than those widely separated.
The entire experimental material , if it is
heterogeneous , may be divided into different
groups or blocks by taking homogeneous
units together and the treatment may be
allocated randomly to different units in each
group by putting a restriction that each
treatment is applied to one and only one units
of the block such that no treatment is
repeated in any group and no treatment is
absent from any group.

A
A
C

A
C
C

B
C
A

Model –
Yij =  +  i + e

ij

(i = 1, 2 …..t, j = 1 ,2

….r)
Where -: yij denotes the observation of
th
th
j replicate for the i treatment  is the general
mean effect , ti is the effect due to ith treatment
and eij is the random error .
 Randomized Complete Block Design:
When the experimental material is not
entirely
homogeneous,
the
completely
randomized design can not be used. So here
we
divide
the
whole
material
into
homogeneous groups/blocks of experimental
units by adopting the principle of local control.
Here the homogeneous groups called blocks
are formed perpendicular to the fertility
gradient. The randomization of the treatments
is done independently in each block. Let there
be 5 treatments A, B, C, D and E and each
replicated three times, the experimental area
may be divided into three blocks B1, B2, B3 as
shown below and then each block is divided
into 5 plots. The design is used frequently in
agricultural field experiments.

 This procedure of blocking or grouping is
termed as local control.

B1
B2
B3

 The aim of the local control is to reduce the
error by suitably modifying the allocation of
treatments to the experimental units.
BASIC DESIGNS

B
A
B

A
D
A

C
C
E

D
E
C

B
A
D

E
B
B

Model-

 Completely Randomized Design:

Yij =  + ti + bj + e ij; (i = 1, 2 …..t, j = 1 ,2 ….r)

The simplest design using the two
principles i.e. .replication and randomization is
the completely randomized design (CRD). In
this whole of the experimental material
assumed to be homogeneous is divided into a
number of experimental units depending upon
the number of treatments and their replication.
The treatments are then allotted randomly to
the units /plots. This design is useful for
laboratory, green house and pot experiments.
Missing plots or unequal replication do not
create any difficulty in the analysis of this
design .If we have three treatment A ,B ,and C
with 5, 3 and 4 replication then the total
experimental material is divided into 12

Where -:
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th

Yij denotes the observation of j replicate for
the ith treatment  is the general mean effect, ti
th
is the effect due to i treatment and bj is the
th
effect of j blocks eij is the random error.
 Latin Square Design:
The randomized block design is
intended to reduce error in respect of one
factor by forming homogeneous block or
groups. Often there is a variation among
animals in respect to more than one factor
variation in respect of two factors can
sometimes be controlled simultaneously by an
arrangement known as Latin square .In this
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design, the number of replications must be
equal to the number of treatment. The txt unit is
grouped in “t’ rows and‘t’ column according to
the variation in two factors. Similarly in field
experiments, soil heterogeneity is eliminated in
two ways by grouping the units into rows and
columns. If the fertility gradient is in the
direction of east to west, then the grouping will
be done in the direction of North to South. The
treatments are allotted such that each
treatment ‘occurs once and only once in each
row and in each column.
The following
Latin Square Design
A
B
C
B
D
A
C

are the examples of a
B
C
A

C
A
D
B

C
B
A

Types of factorial experiment:

A
C
B
D

D
B
C
A

 Symmetrical factorial: where the levels of
each factor are the same in the
experiment.

The first is a Latin square of order 3 in
a standard form. The second of order 4 has
been derived from a standard Latin square by
permutation of rows and columns.
Model -

Yij =  + ri + cj+ tk +eijk

(i = 1, 2 …..t, j = 1 ,2 …. t,

k=1,2….t )

where Yijk denotes the observation on the kth
treatment jth column and in ith row ,
 is the general mean effect ,
th
ri is the effect due to i row ,

cj is the effect due to j
treatment

th

higher yields than rest, similar type of
information may be obtained from the second
simple experiment about the manures. Though
the experiment with varieties will be performed
in the presence of particular manure (not all the
manure) and the experiment will be performed
with a particular variety (not all the varieties),
they will not give us any information about the
dependence or independence of the effect of
the varieties on those of the manures. If there
are p different varieties then we shall say that
there is p level of the factor ‘varieties’.
Similarly, the second factor ‘manure’ may have
q level, i.e. there may be different manures or
different doses of the same manure .Then this
factorial experiment will be called a p x q
experiment.

Column the i

th

th

tk is the effect due to k treatment and
bj is the effect of jth blocks
eijk is the random error which is assumed to
be independently and normally distributed with
2
mean zero and constant variance ( ).
Factorial Experiments:
Experiment where the effects of more
than one factor, say variety manure, etc. are
considered together are called factorial
experiments, while
experiment
with one
factor, say only variety or manure, may be
called simple experiments. Consider a simple
case of a factorial experiment. The yield of a
crop depends on the particular manure applied
.We may have two simple experiments, one for
the variety and one for the manure. First
experiment will give information on whether the
different varieties of crop are equally effective
or there are some varieties which will give
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2
3
4
 Example- 2 , 2 , 2 …2n are symmetrical
factorial experiments of factors two, three,
four… n, each it two levels .The
2
3
4
experiments 3 , 3 , 3 …3n are also
symmetrical factorial consisting of 2, 3… n,
factors each at three levels. Here in both
type of experiments, the levels of the
factors are the same. In first, it is 2 and in
second, it is 3.

 Asymmetrical factorial: where the levels
of each factor are the different in the
experiment.
 In general, if there are n factors each with s
n
levels than it is known as S factorial
(symmetrical) experiments. If the factors
consist of different levels i. e A has 2 levels
and B has 3 levels, then it is known as 2x3
asymmetrical factorial experiments and if
there is another factor which is at four
levels, then it called 2 x 3 x 4 factorial
experiment.
 One factor at three levels
The three levels of factor a may be
denoted by a0, a1, a2, with equal intervals. In
dealing with factors at two levels we have not
mentioned the matter of equality of interval
because there is only one interval in that case.
Levels with unequal intervals can also be
analyzed, the situation for one factor at three
levels, a0 , etc., also denoting the response at
that level is shown below. We observe the
following:
Increment form 0 to 1:
a1 – a0
Increment from 1 to 2:
a2 –a1
Sum of increments:
(a2-a1) + (a1-a0) = a2-a0
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Difference between increments: (a2-a1) – (a1a0) = a2-2a1 +a0

These four
symbolically

The first contrast, a2-a0, measures the
linear effect of the factor. The second contrast,
a2-2a1+a0, measures the deviation from
linearity, because if the three points in are
collinear, this quantity equals zero. The method
of subdividing the ssq with two degrees of
freedom.

be

written

Where factors like (a2 + a + 1) and (b2
+ b +1) simply mean marginal totals. The
remaining four expressions for different types
of interactions are

When there are tow factors, each at
three levels, there will be nine treatment
combinations, an example of which is given in
.The ssq between blocks (with 3 df), the ssq
between treatments (with 8 df), and the ssq for
error (with 24 df) may be calculated the usual
way. In fact, these preliminary results may be
found in, with blocks and treatments
interchanged and rearranged.

A1B1 = (a2 - 1) (b2 - 1)
A1B2 = (a2 - 1) (b2 – 2b + 1)
A2B2 = (a2 – 2a + 1) (b2 – 2b + 1)
These eight expressions, when
expanded, will form a set of orthogonal
contrasts, each with a single degree of
freedom. Instead of lining the nine treatment
combinations into a single file. Note that the
coefficients for the interactions are actually
products of corresponding coefficients of the
main effects involved.

 The seven contrasts
For factors at two levels, the symbolic
expressions and expansions for the various
contrasts have been greatly simplified by
replacing a1 and a0 by a and 1, etc.
Unfortunately, there is no equally simple
notation for factors at three levels. We may,
however, adopt a half-simplified system, writing
a2, a1, a0, as a2, a, 1. Even this half-simplified
notation will save us a lot of writing labor.

A
B1
B2
AB1
AB2

may

A1 = (a2 - 1) (b2 + b + 1)
A2 = (a2 – 2a + 1 ) ( b2 + b + 1)
B1 = (a2 + a + 1) (b2 - 1)
B2 = (a2 + a + 1) (b2 - 2b + 1)

 Two factors, each at three levels

a2

contrasts

 The 2 x 3 factorial
When
one
factor
(say,a)
is
administered at two levels (a1,a2) and another
factor (say,b) at three levels with equal
intervals (b0,b1,b2), we say breakdown of
treatment effects of a 2 x 3 factorial (based on
hypothetical data).
a1

Effect Z

b2
144

b1
138

b0
108

b2
162

b1
90

b0
78

+1
+1
+1
+1
+1

+1
0
-2
0
-2

+1
-1
+1
-1
+1

-1
+1
+1
-1
-1

-1
0
-2
0
+2

-1
-1
+1
+1
-1

Divisor
Dxr

Ssq
2
Z / Dr

60
6x6
100
120
4x6
600
36
12 x 6
18
-48
4x6
96
-84
12 x 6
98
Total treatment Ssq = 912

’

Is a 2 x 3 factorial experiment. It is the
simplest example of factors with mixed level.
The analysis hardly needs explanation,
because we merely combine the techniques of
the preceding two chapters. The five contrasts
among the six treatment combinations are,
symbolically,
A = (a2 – a1) (b2 + b1 + b0)
B1 = (a2 + a1) (b2 – b0)
B2 = (a2 + a1) (b2 – 2b1 +b0)
AB1 = (a2 – a1) (b2 – b0)
AB2 = (a2 – a1) (b2 – 2b1 + b0)
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The above table gives the coefficients
of the treatment combinations after these
symbolic expressions have been expanded;
this is a numerical workout from a 6 x 6 Latinsquare data. It is seen that the sum of the fivecomponent ssq is 912, as was found in above
table. Each component may then be tested
2
against s = 14.2 with 20df.
 Zero level and dummy treatments
When the lowest level of application of
the factors is actually zero (that is, no
application at all as an absolute control) and
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the factors involved are different kinds of
material such as different derivatives of a basic
chemical compound, different preparations of a
vaccine or antiserum, different varieties or
strains of organisms, different forms of an
active ingredient, etc., then the three treatment
“combinations’ at the zero level are all identical,
receiving no active ingredients at all. For
convenience, let us change the notations
slightly and denote the three different drugs by
a, b, c (aspirin, Bufferin, Coricidin; or Ajax,
Babo, Comet, if you like) each administered at
three levels – 0 (none given), 1 (10grains per
day), 2 (20 grains per day). The nine
combinations are then as tabulated here. But
the three combinations at the zero level (a0, b0,
c0) really represent the same condition
(placebo): the patient receives no drug of any
king. There are actually only seven (not nine)
distinct treatments.
The factorial may also be regarded as
a 2 x 3 plus an extra control, instead of the
superficial 3 x 3. The investigator may, of
course, conduct an experiment with just seven
treatments; each replicated a certain number of
times.
In such a case, the number of
observations at the zero level is only one-third
of that at the other two levels and the
quantitative effect of the drugs will not be as
accurately determined as when there are an
equal number of replications at levels. In many
instances, it is desirable to preserve the
superficial 3 x 3 structure with equal number of
placebos and treatments at 1 and 2 levels.
Then the treatments a0, b0, c0 are called
dummy treatments. They are assigned at
random to patients as if they were different.
The analysis of the treatment effects, however,
requires a sight modification.
CONFOUNDING
Confounding in experimental design is
then to denote an arrangement of the treatment
combinations in the block in which less
important
treatment
effects
purposively
confounded with the block. This nonorthogonality is not a defect of the design; it is
deliberately introduced in order to get better
estimates and tests on the important treatment
combinations.
 Types of confounding
 Complete confounding:
In complete confounding, we confound
the same interaction in all the replications and
thus, we don’t have the information regarding
get information that interaction from all the
replication where as unconfounding effects can
be estimates and tested as any complete block
design.
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 Partial confounding:
In partial confounding the different
interaction is confounded in different
replications .That is, if one effect is confounded
in first replicate, then other effective will be
confounded in second, in third and so on.
n
• Systems of confounding in a 2
experiments:
Let us suppose that we have 5 factors
A, B, C, D and E each at 2 levels, giving 32
combinations.


treatment combinations in all .We wish to
use blocks of 8 experimental units .The
experiment will consist of 4 blocks of 8
units and there will be 3 effects or
interactions confounded with blocks .



If we confound the interaction BCD, the
treatment the combinations fall into two
groups, each groups consisting of 2 of the
blocks namely:



() : (1), bc , bd, cd , a, abc , abd, acd, e,
bce, bde, cde, ae, abce, abde, acde.



(): b, c, d, bcd, ab, ac , ad, abcd, be, ce,
de, bcde, abe, ace, ade , abcde.



If we also confound, say, CDE, we divided
the treatment combinations and again into
2 groups.



(): (1), cd, ce, de, a, acd, ace, ade, b,
bcd, bce, bde, ab, abcd, abce, abde.



(): c, d, e, cde, ac, ad, ae, acde, bc, bd,
be, bcde, abc, abd, abe, abcde.

If each of the comparisons () vs. () and
() vs. () are to be block comparisons, the
blocks must contain the common treatment
combinations of the followings:


(1)Treatment common in () and ()



(2) Treatment common in () and ()



(3) Treatment common in () and ()



(4) Treatment common in () and ()

The four
given below
(1)
(1)
cd
a
acd
bce
bde
abce
abde

blocks will be represented as
(2)
e
cde
ae
acde
bc
bd
abc
abd

(3)
b
bcd
ad
abcd
ce
de
ace
ade

(4)
c
d
ac
bd
ae
bcde
abe
abcde
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SPLIT PLOT EXPERIMENT:
In field experimentation, sometimes we
need the large experimental area to the test the
treatment .In fact, when we go for testing the
different methods of ploughing or irrigation. In
this situation, it is difficult to manage both
treatments in a small area. These treatments
are called the whole plot treatments or main
plots. It is possible to test another treatment by
splitting the main plot into subplots which does
not require large plots. It may be possible that
for subplot treatment expense may be slightly
high. We introduce the second treatment in
split plot by splitting the whole plots. We test
the treatments which are in sub plots more
efficiently rather than whole plots.

Source

d. f.

S.S.

M.S.

Replications

2

2.89

1.45

Treatments

11

N

3

711.42 237.14

P

2

343.06 171.53

117.40**

NP

6

177.83

29.64

84.92**

Error

22

44.44

2.02

14.67**

Total

35

1279.
64

Replication 1

Model :Yijk =  + ri + m j + e ij + s k + (ms)

Fcal

A0 A2 A3 A1
jk

+e

ijk

where, Yijk is the observation on the kth sub
th
th
plot the j main plot in the i replication.
 is the general mean effect
ri is the ith replication effect
mj is the main plot treatment effect
eij is the error first or main plot errors which are
N(O,2e)
sk is the kth sub plot treatment
(ms)jk is the interaction effect due to main and
sub plot treatment
eijk is the error second or sub plot error which
are N(O,2e).
STRIP PLOT EXPERIMENT:
Another kind of split plot experiment is
the strip plot experiment. It is also known as
split block experiment because the blocks are
spitted
row wise and column wise to
accommodate the two sets of treatments .This
experiment is usually performed where both
treatments require large plot size .This is
generally happened in agronomic experiments
in which both experimental factors are not
easily applied to small areas like split plot .
For example: The factors are tillage and water
management.
In this experiment each block is divided
row wise as per the first set of treatments and
column wise as per the second. The column
wise treatments are laid out either in RCBD or
LSD. The randomization process is the same
as that for the standardized design. The layout
plan of 1 replicate is be as shown in the
following figure.
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B1
B2
B0
B4
B3
Where A and B are the level of first and
second set of treatments. In this experiment at
least two replications are required. Such
experiment provided relatively low accuracy on
both main effects with relatively high accuracy
on the interaction.
Response surface:
If in an agricultural experiment, yield
is influenced by several factors like height of
the plant, length of ear head, temperature,
relative
humidity,
etc.,
which
are all
quantitative variables then the yield (or
response ) is a Function of the levels of these
variables an is denoted by,

Y j   ( X 1 j , X 2 j ...... X kj )  E j
th

Where j=1,2,…, n represent the j
observation in the factorial experiment and
X i j denotes the level of ith factor of the jth
observation and E j ' s are experimental errors
which are assumed to be independent and
follow normal distribution with mean zero
2
and variance  k .
The function ‘φ’ is called response
surface. If φ is known then it is easy to predict
(or forecast) the value for knowing the different
levels of factors. Further the combination of
levels of factors can be arrived at to attain the
optimum and maximum response once the
function is known. In the absence of knowledge
of the function it can be assumed that the
experimental region can be represented by a
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polynomial of first or second degree. The
designs used for fitting the first degree and
second degree polynomials are called first
order and second order designs respectively.
The fitting of second order polynomial is
illustrated here with an example.
Example:
An
experiment
was
conducted with nitrogen at four levels (40, 60,
80, 100 kg/ acre) along with phosphorus at
three levels (15, 30, 45 kg/acre) in a lay-out of
randomized block design having three
replications for paddy. The hypothetical yields
are presented in the following Table 16.70.
Treatment

Table: Replications
1
2
3
Total

n0p0

8

10

9

27

n0p1
n0p2
n1p0
n1p1
n1p2
n2p0
n2p1
n2p2
n3p0
n3p1
n3p2

10
11
13
15
18
14
20
24
16
22
28
199

14
9
12
14
16
12
22
26
15
20
27
197

12
10
15
13
19
10
22
25
18
23
29
205

36
30
40
42
53
36
64
75
49
65
84
601

40
(Linear)
(quadratic)

Table: 16.27
60
80
100

Total

3

13

39

35

90

-15

9

-17

3

-20

It can be verified that

Similarly the linear, quadratic and cubic
components for nitrogen are computed as
follows.
Table: phosphorus levels
15

30

45

Total

(linear)

62

109

184

355

(quadratic)

0

-5

-14

-19

(cubic)

34

-37

-12

-15

Fit the response surface for the above
data.
The two way table of nitrogen and
phosphorus with plot yield totals of three
replications is given below:
Nitrogen
40
60
80
100

15
27
40
36
49

30
36
42
64
65

45
30
53
75
84

Total
93
135
175
198

The factorial analysis is presented in the
ANOVA table below:
** Significant at 1 % level
To examine the trend in yield for
different levels of nitrogen and phosphorus, the
linear, quadratic components for phosphorus;
linear, quadratic and cubic components for
nitrogen as well as for NP Interaction were
computed as follows. The coefficients of
orthogonal
polynomials for linear and
quadratic components for phosphorus levels (1,0,1) and (1,-2,1)respectively, the coefficients
for nitrogen levels for linear, quadratic and
cubic components are (-3,-1,+1,+3), (+1,-1,1,+1), (-1,+3,-3,+1) respectively.
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Source
Replications

d. f.
2

S.S.
2.89

M.S.
1.45

Fcal

and quadratic trend of nitrogen, linear trend of
phosphorus, linear trend of nitrogen with linear
trend of phosphorus, cubic trend of nitrogen
with linear trend of Phosphorus, cubic trend of
nitrogen with quadratic trend of phosphorus.

N
3
711.42
NL
1
700.14 700.14 346.60**
NQ
1
10.03
10.03
4.97
NC
1
1.25
1.25
P
2
343.06
PL
1
337.50 337.50 167.08**
PQ
1
5.56
5.56
NP
6
NLPL
1
124.03 124.03 61.40**
NLPQ
1
2.18
2.18
NQPL
1
8.17
8.17
NQPQ
1
0.22
0.22
NCPL
1
17.63
17.63 8.73**
NCPQ
1
25.60
25.60
12.67
Error
22
44.44
2.02
Total
35 1279.64
** Significant at 1 % level

The
response
surface
is
the
mathematical relation taking yield as the
dependent variable and the above mentioned
factors as independent variables. Let the
relation between yield and

Where

Y is the estimated value of yield and

and b i ' s are regression coefficients.
In order to find out the regression coefficients
b i 's
the
coefficients
of
orthogonal
polynomials will be used since,

From above table, it can be observed
that the yield is significantly affected by linear
Nitrogen Phosphorus
levels
levels
40
15
30
45
60
15
30
45
80
15
30
45
100
15
30
45

Yield
Total (Y)
27
36
30
40
42
53
36
64
75
49
65
84
601

NQ
-3
-3
-3
-1
-1
-1
+1
+1
+1
+3
+3
+3
355
60

+1
+1
+1
-1
-1
-1
-1
-1
-1
+1
+1
+1
-19
12

5.9167

11.250

-1.5833

3.0500

The response surface between yield and X i s '
is given by
The same relation between yield and
is

PL

NLPL

NC PL

NC PQ

122
40

-46
40

96
120

-1.1500

0.800

-1
0
1
-1
0
1
-1
0
1
-1
0
1
90 8

+3
0
-3
+1
0
-1
-1
0

References:
 Applied Statistical Methods by Kaushik
et al (2003), Dhanpat Rai and Co.
Delhi.

rewritten as:



The estimated yields can be obtained for the
given levels of nitrogen and phosphorus. For
example, the estimated yield, when the level of
nitrogen is 80 and the level of phosphorus is
45, is obtained by substituting in the fitted
equation for

 Fundamentals of Statistics Vol. II by
Goon, Gupta and Dasgupta Calcutta.
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Practical’s in Statistics by H. L.
Sharma (2005), Agrotech Publishing
Academy, Udaipur.
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Technological Options for Sustainable Productivity in Agriculture:
Economic Inferences
Sunil Nahatkar
Principal Scientist
Directorate of Research Services,
Jawaharlalal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
Indian is being recognized as the global
power in key economic sectors with
consistently high economic growth (8.20%)
over the eleventh plan period. This high growth
was mainly contributed by industry & service
sector, agriculture sector has lagged behind.
Information technology sector is growing
consistently at 30% every year but agriculture
has not even achieved 4 per cent growth. The
contribution of agriculture sector to national
GDP has continued to decline over the years.
Components of GDP in India
Year

Agriculture

1951-52
1961-62
1971-72
1981-82
1991-92
2001-02
2011-12

55.40
49.40
43.10
37.60
30.30
24.00
14.00

Industry &
Service
infrastructure
15.40
29.30
19.50
31.10
22.50
34.50
24.60
37.90
25.60
44.10
25.00
51.00
27.00
59.00

The detailed analysis of the trend
between triennium ending (TE) 1983-84 & TE
2008-09 reveals the following picture of the
Indian agriculture:


Net area sown decline from 142 million
hectares to 140.8 million hectare (0.84%).



Total cropped area increases from 176.40
million hectares to 194.0 million hectares
(+09.98%).



Cropping
intensity
increased
124.00% to 134.94% (+10.9).



The area under food grains declined by
about 6 million hectares.



The share of food grains in total cropped
area declined from about 73 per cent to
about 63.80 per cent (-9.2%).



The area under pulses has remained
almost stagnant, while the area under
wheat and rice increased.



from

The biggest loser has been coarse
cereals where the area under cultivation
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has declined from 41.50 million hectares
to 33.60 million hectares (-19.04%).





The area under oilseeds increased from
18.50 million ha to 26.0 million ha
(+40.54%).
The share of oilseeds in total cropped
area increased significantly from less than
10 per cent in the early eighties to about
15 per cent (+50%).
The share of area under fruits &
vegetables in total cropped area which
was less than 3 per cent (1983-84)
increased to over 6 per cent (2008-09).

The challenge for the future is how to
feed India’s growing population with rising
incomes with limited land and water resources
and depletion of natural resource base. Since
the economy is expected to grow strongly
and, pressure on food demand is likely to
remain strong over the years to come,
although consumption is likely to be more
diversified as cereals now account for only
15% of the total consumption expenditure.
The demand projections based on UN Alagh
model (Alagh, UNU, 2000, 2001, 2006) are as
follows:
Commodity

Production in
million tons
(2010)

Food grains
Edible oil
Sugar
Potato
Fruits &
Vegetables
Milk
Meat
Eggs
Fish

236
007
025
042
205

Projected
requirement in
million tons
(2020)
225
019
042
040
176

122
005
003
008

128
006
005
014

Looking to the projected demand for 2020
technology is the only option for enhancement
of productivity in agriculture where natural
resources are fixed and depleting day by day.
Further various studies have shown that at
least one third of the future growth in
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productivity should come from innovations in
agriculture technologies.

everything that makes up the biosphere we
call Earth, including humanity itself.

A land based production system that
is natural resources driven e.g. land, biological
resources, atmosphere and water and human
resources is referred as agriculture system.
Sustainability and agricultural based economic
growth is the two sides of the same coin
because
without
sustainability,
steady
economic growth can not be achieved. The
theories of role of agricultural in economic
growth that stress: the passive role of
agriculture as supplier of resources (Lewis &
Rains, 1950-60), especially raw materials and
labour and the active role of agriculture as a
sector that is able to promote economic
growth (Mellor- 1970-90) for Income
generation, poverty reduction and food
th
security are dominant up to 90 . The active
role of agriculture as a sector that is able to
promote sustainable economic growth (FAO,
2000) as product contributor, market
contributor, factor contributor and trade
promoter was emphasis on technology and
growth, represents a productionist vision of
sustainability, with economics the key focal
point. Technology driven economic growth
through sustained innovation and trade is the
envisaged pathway, providing transitions out
of agriculture or a shift of subsistence
oriented old agriculture to a modern,
commercial, new form of agriculture, with
wider poverty reduction aims achieved
through trickle down and employment benefits
from improved agriculture led growth. This
reflects towards clear goal of economic
development policy as to raise living
standards, providing steadily more goods and
services to expanding population. The original
emphasis in different growth theories was on
promoting more productive agriculture. These
apprehensions raise important questions
about whether the forms of agriculture
developed over the past century, and
celebrated as technically advanced and
modern, are able to respond to the complex
and diverse array of challenges they will
st
encounter in the 21 century?

India has also witnessed a paradigm
shift in food security, moving from a food
deficit to a food surplus nation through big
take off in agricultural production. Food grain
production in India increased from 51 million
tons (1950-51) to 196.81 million tons in 200001 and further spectacular
growth in
production of food grain was witnessed with
the production of 235.88 million tons (201011) and it is estimated to touch 250million tons
in year 2011-12; highest ever in the history of
Indian economy. In the last 62 years, food
grain production increased by 199 million tons
(3.21 million t / year). A growth of 390 per cent
in production with only 24 per cent increase in
area was achieved through intensification of
agriculture. But in next 40 years (2050-51) the
food grain requirement in the country was
projected at 450 million tons. Therefore, in
next 40 years, food grain production required
to be increased by 200 million tons, about 5
million tons per annum. But there are many
constrains to further growth in agricultural
production these are as follows:

Environmental pollution, a direct
consequence of "economic development", is
degrading the long run productivity of land,
water, and air resources. Human population
pressures are destroying other biological
species, upon which the survival of humanity
may be ultimately dependent. The current rate
of species extinction is unprecedented -except possibly during geologic events now
characterized as global disasters. The human
species is now capable of destroying almost
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Constraints:
Land - Limited & shrinking
(cultivation)
Water - Scarce and depleting
Forest - depleting
While:
Population - increasing,
Demand for food - rising and
Aspiration – enlarging
Supports:
Rural households
Farm families

_ 147.90 million

– 89.35 million

Intensification of agriculture in developed as
well as in developing countries resulted in:
•

Loss of productivity due to soil erosion
and degradation of land;

•

Non-judicious use of agro-chemicals
particularly pesticides and fertilizers;

•

Pollution of surface and ground water due
to bad agricultural practices and inputs;

•

Diminishing supply
energy sources;

•

Decreased farm income owing to low
commodity
prices
and
increased
production costs and lastly.

•

Loss of ethics and values

of

non-renewable
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It is expected that if the current
practice of exploitative management of natural
resources and low productivity of agriculture
continue, a child born today has less chance
of getting adequate food to eat, enough space
to live, less clean water to drink and less of
pure air to breathe in the years ahead. The
growing awareness of these challenges to
traditional development thinking has led to the
increasingly wide acceptance of a new
concept- that of sustainable development.
Besides this, due to diversion of agricultural
land to infrastructure development and
urbanization; area for food grains production
decrease and this may adversely affect the
sustainability of life on the earth which is
already
being
threatened
due
to
environmental degradation. In addition,
haphazard planning, lack of political will, lack
of international support to develop clean
technologies and many others further added
to unsustainable production. Scarcity is the
villain; it causes tension and unrest. Thomas
Malthus expresses his concern about the
human capacity to achieve a balance between
population growth and the rate of growth in
food production long back (1798) in his Essay
on Population. Those who are concerned
about sustainability "believe" we must find
better ways of utilizing our natural and social
resource bases in order to sustain human
progress on earth. They believe these
resources are finite, and thus, ultimately will
limit growth in human consumption. They
reject the belief that science and technology
will yield substitutes for depleted resources,
including extinct biotic life forms. They reject
the belief that fundamental laws of nature
ultimately can be repealed through human
ingenuity.
Sustainable development: “Sustainable
development is development which meets the
needs of the present without compromising
the ability of future generations to meet their
own needs” (WCED, 1987 in Our Common
Future). Sustainable development means
development which protects the environment
and leads to development which advanced
social justice. The notion of sustainable
development lies in the progress towards
economic,
social
and
environmental
objectives.
Economic: An economically sustainable
system must be able to produce goods and
services on a continuing basis, to maintain
manageable level of government and external
debt, and to avoid extreme sectoral
imbalances which damage agricultural or
industrial production. Besides this, promotion
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of economic growth and encouragement of an
open, competitive economy is a major
economic
objective
of
sustainable
development.
Environmental: Must maintain a stable
resource base, avoiding over exploitation of
renewable resource systems and judicious
use of non-renewable resources. This
includes
maintenance
of
biodiversity,
atmospheric stability, and other ecosystem
functions not in general classed as economic
resources.
Social: A socially sustainable system must
achieve distributional equity, adequate
provision of social services including health
and education, gender equity, and political
accountability and participants. The principal
of sustainable development are described as
social progress that recognizes the needs of
everyone; effective protection of the
environment; prudent use of natural
resources; and maintenance of high and
stable levels of economic growth and
employment.
Therefore, sustainability can be viewed as:


Concept that must remedy social
inequalities and environmental damage,
while maintaining a sound economic base.



The conservation of natural resources is
essential for sustainable economic
production and intergeneration equity.



From an ecological perspective, both
population and total resource demand
must be limited in scale, and the integrity
of ecosystem and diversity of species
must be maintained.

Thus, goal of sustainability is to
ensure opportunity for a desirable "quality of
life" for those of the current generation and of
all generations to follow. Quality of life has
inseparable ecological, social, and economic
dimension. Over the long run, systems cannot
be ecologically sound unless they are also
economically viable and socially responsible,
they cannot be economically viable unless
they are also ecologically sound and socially
responsible and they cannot be socially
responsible unless they are also economically
viable and ecologically sound. All are
necessary and none, alone or in pairs, is
sufficient to ensure sustainability. All three are
essential dimensions of the goal of
sustainability.
Looking to the dimensions the objectives
of the sustainable development include:
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 Reviving growth

resources and integrate, where
appropriate, natural biological cycles
and controls.

 Changing the quality of growth
 Meeting essential needs for jobs, food,
energy, water. Sanitation



Sustain the economic viability of farm
operations.

 Conserving and enhancing the resource
base.



Enhance the quality of life for farmers
and society as a whole.

 Reorienting technology and managing
risks
 Merging the environment and economics
in decision making
Although following pertinent questions
arises in the mind when we think about
sustainability:
What is to be sustained? -- Development of
resources: natural, human, and economic.
What is the purpose of development? -Positive change or human progress, not
necessarily growth in numbers or size.
Who is to benefit from such development?
-- People of the current generation and of
generations to follow.
For how many generations is development
to be sustained? -- For all future generations,
forever. Thus, sustainability is about
sustaining a desirable quality of life for people,
forever.
Sustainable
Agriculture:
Sustainable
production system means a biological system
that does not undergo degradation over a
reasonably long period of time. In 1992 during
Earth Summit at Rio de Janerio, the FAO
define Sustainable Agriculture as the
management and conservation of natural
resource base and the orientation of
technological and institutional change in such
a manner as to ensure the attainment and
continuous satisfaction of human needs for
present and future generations.
Legal Definition of Sustainable Agriculture
The term ''sustainable agriculture'' (U.S.
Code Title 7, Section 3103) means an
integrated system of plant and animal
production practices having a site-specific
application that will over the long-term (NIFA,
2009).:


Satisfy human food and fiber needs.



Enhance environmental quality and
the natural resource base upon which
the agriculture economy depends.



Make the most efficient use of
nonrenewable resources and on-farm
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Why do we need sustainable agriculture?


Because more people will need more
food in the future.



Because farming is a key source of
income that can help make poverty
history.



Because agriculture has a dual role in
adapting and mitigating climate
change



Because agriculture uses natural
resources that are becoming scarce

Aims of Sustainable Agricultural


Meet the changing food, feed, fiber
and fuel requirement of the nation,



Assure adequate profit to the farmers,



Conserve and, if possible, improve
the natural resource base,



Prevent the
environment,



Discourage regional imbalances, and



Encourage gender equity

degradation

of

the

Economic Inferences
Economic viability is a necessary
condition for sustainable agricultural and food
systems. Profitability is a good place to begin.
Evaluating the likely profitability of potentially
more sustainable practices can start with
budgeting. But economic viability is about
more than profitability. Economics is the study
of how people attempt to meet unlimited
wants with limited means. Among the things
that people care about are many that cannot
be bought and sold in markets. Not least of
these are health and environmental quality
that we value for ourselves and our
communities. Within limiting assumptions,
economics offers ways to measure these
more hard-to-quantify values.
From the point of view of neoclassical
economic theory, sustainability can be defined
in terms of the maximization of welfare over
time. Most economists simplify further by
identifying the maximization of welfare with
the maximization of utility derived from
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consumption. According to standard economic
theory, efficient resource allocation should
have the effect of maximization utility from
consumption. The concept of measurement of
sustainability differs for different situations,
places and time and therefore it may be
location and time specific as well as the
measures differ at micro and macro levels and
therefore sustainability indicators can be
varies for different situations as shown in the
following table:
System
Dynamic
Spatial
Output
Resource
Personal

Based on
Time specific
Space specific
System specific
Input specific
Requirement
specific

Community

CPRs

Fundamental
Analysis:
Sustainable
development can be operationalized in terms
of the conservation of natural resources (Daly
1994). For renewable, the rule is to limit
resource consumption to sustainable yield
levels. The demand and supply of natural
resources may in the form of:
D > S
D < S
D = S

Un-sustainable
Sustainable
Sustainable (short run)

And therefore long term sustainability
depends upon judicious use of available
resources. Conventional economic theory is
rooted in the "belief" that there are no limits to
growth. The sustainability issue is rooted in
the "belief" that there are limits to growth.
Neither "belief" can be proven to be true or
false.
Sustainability Indicators (SI): It may be
easier to identify un-sustainability than
sustainability- and the identification of unsustainability can motivate us to take
necessary policy action. All the measures of
sustainability are subjective rather than
quantifiable. For the study on sustainable
agriculture, the question arises as to how
agricultural sustainability can be measured.
Some argue that the concept of sustainability
is a social construct (David 1989; Webster
1999) and is yet to be made operational
(Webster 1997). The precise measure of
sustainability is impossible as it is site specific
and a dynamic concept (Ikerd 1993). Some of
the broad measures of sustainability are as
follows:



Nutrient deficiencies in crop plants
Disease and pest hazards
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Soil sustainability indicators



The quality and health of soils





Soil ecology
Soil salinity and alkalinity
Environmental quality



Resource base on which agriculture
depends,




Economic viability, and
Quality of life for farmers and society
as a whole.

Organization for Economic Cooperation
and Development (OECD, 1997) has
developed a common framework called
“driving force state response (DSR) to help in
developing sustainability indicators.
Driving force indicators refer to the factors
that cause changes in farm management
practices and input use.
State indicators show the effect of agriculture
on the environment such as soil, water, air,
biodiversity, habitat and landscape.
Response indicators refer to the actions that
are taken in response to the changing state of
environment.
These indicators are suitable to evaluate
agricultural sustainability at aggregate level.
They cannot, however, be used to assess
sustainability at the farm level.
Two indicators are however commonly
used to identify the practices, which give
maximum sustainable yield or maximum
sustainable income. These are ‘Sustainable
Yield Index (SYI)’ and ‘Sustainable value
Index (SVI)’
Sustainable Yield Index
SYI is defined as :
`Ỹ – Sd
SYI = --------- X 100
Y max
Years

Yield of wheat (kg/ha)

2004-05

1811.0

2005-06

1710.0

2006-07

1916.0

2007-08

1714.0

2008-09

1885.0

Mean

1807.0 .Sd 94.9
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Other measures of sustainability
•
•
•
•
•
•

Partial factor productivity and total factor
productivity;
Agronomic or incremental efficiency of
external inputs;
Physiological or internal efficiency of
external inputs;
Soil quality index;
Soil organic matter levels; and
Apparent nutrient balance sheets.

According to Lynam and Herdt (1989),
sustainability
can
be
measured
by
examination of changes in yields and total
factor productivity

•

Technological options:
The concepts of sustainability in relation to
food production and used technology have
been generally focused on
1.

Ecological
Food
Production
(Begon,1990) which aims to reduce
environmental contaminations, conserves
resources, and provides an acceptable
and dependable income for the producers
and affordable food for the consumers.

2.

Alternative Agriculture (Wolf and Allen,
1995) it is a food production system which
integrates local and macro level objectives
and
macro
level
concerns,
and
meaningfully deals with entities negatively
impacted by resource allocation choices
as viable alternative to the prevailing
system.

3.

Localized food system (Bellows and
Hamm, 2001) includes the strategy of
import substitution, increasing local food
production for local consumption and a
local food supply chain favours sourcing
from local producers and processors,
rather than from national and international
sources of food.

4.

Organic agriculture (Bell and Morse,
1999) is defined a produce that can be
certified as organic depending upon the
absence of defined substances (mostly
pesticides and chemical fertilizers) during
production.

5.

Low Input Sustainable Agriculture (Bell
and Morse, 1999) is low input, organic
farming approach with a strong emphasis
on small crops/fruit/vegetable farms.

6.

Good Agricultural Practices the Food
and Agricultural Organization (FAO) of the
United Nations (FAO) uses Good
Agricultural Practices as a collection of
principles to apply for on-farm production
and post-production processes, resulting
in safe and healthy food and non-food
agricultural products, while taking into
account
economical,
social
and
environmental sustainability.

7.

Conservation Agriculture the term
'Conservation Agriculture' (CA) refers to
the system of raising crops without tilling
the soil while retaining crop residues on
the soil surface.

8.

Precision farming, tailoring inputs to the
real needs of specific crops, means better

Factor Productivity: Defined in terms of the
efficiency with which the factor inputs are
converted to output within the production
process. There are two measures of factor
productivity:
Partial Factor Productivity: It is the ratio of
output to a single input.
Total Factor Productivity: Total Factor
Productivity (TFP) is a ratio of an index of
aggregate output to aggregate input.
Condition I : (Unsustainable)
•

If output goes up by 10% and input goes
up by 6%, total factor productivity goes up
by 4%.

Condition II : (Sustainable)
•

If output stays the same and inputs go
down by 5%, total factor productivity goes
up by 5%.

Condition III : (More Sustainable)
•

If output goes up by 10% and inputs stay
the same, total factor productivity goes up
by 10%.

Condition IV: (Highly sustainable)
•

If output goes up by 10% and input goes
down by 5%, total factor productivity goes
up by 15%.

Most of the Empirical Studies show that in
developing countries (IJAE)
•
•

40-45% of output growth comes from
increased input use.
55-60 % comes from a combination of
increased efficiency and new technology.

While in developed world (AJAE)
•

55-60 % of output growth comes from
increased input use.
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40-45% comes from a combination of
increased efficiency and new technology.
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resource efficiency. Soils vary widely.
Fertilisers and other agro-chemicals can
be applied in precise doses taking
account of this. Not only is this good for
the environment, it saves farmers money.
The above definitions clearly indicate that
it is a war of words organic agriculture ≡
conservation agriculture ≡ Good Agricultural
Practices ≡ Low External Input Supply
Agriculture-LEISA ≡ Biodynamic Agriculture.
In brief it is system of “Living with harmony
with nature”. Sustainability of agricultural
production systems and agro-environment has
emerged as a serious concern. The
sustainability of environment and other natural
resources like water is also being questioned.
Hence, sustaining the past achievements
without deterioration in environment and
resources will continue to be the greatest
challenge before agriculture. Thus the concept
of sustainability of agriculture sector has
several dimensions: socio-economic, cultural
and environmental. The goal of sustainable
agriculture is to maintain production at levels
necessary to meet the increasing demand of
an expanding world population without
degrading the environments. Besides this it
should:








Reduces inputs.
Uses ecological pest and weed
management strategies.
Cycles nutrients back into the soil for
fertility and health.
Strengthens rural and urban communities.
Produces viable farm income.
Promotes healthy family and social
values.
Brings the consumer back into agriculture.

Approach of productivity Improvement
on sustainable manner through bridging the
yield gap I and II was exist in developing
countries and this need to be achieved
through improvement in productivity, through
technological intervention,
using local
resources and knowledge because:
•

It is an Economic necessity for higher
marketable surplus & multiple sources of
income.

•

It is an Ecological necessity with limited
land resources, otherwise we have to use
pasture and forest land.

•

More thorough incorporation of natural
processes and reduction in the use of offfarm inputs
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•

Greater productive use of the biological
and genetic potential

•

Matching cropping patterns and their
production potential

•

Profitable and efficient production with
emphasis on improved farm management
and participatory NRM

Strategies to achieve this: This can be
achieved through: focusing potential areas,
formulation of differentiated strategies for
different regions, crop diversification, scientific
management of natural resources through
conservation agriculture, sustainable water
management, integrated nutrient management
(INM), extension of technologies and
managing Information input along with strong
decision support system (DSS)
Required change in mind set:
Operational changes such as shift in
cropping pattern, adoption of intercropping,
mixed cropping, mixed farming, varietal &
seed replacement, method of sowing, drip and
sprinkler irrigation practices, ridge and furrow
system of plating, raised bed planting, organic
farming,
rainwater
conservation,
insitu
moisture conservation, and contract farming
etc
Structural changes such as production
system diversification, integrated farming
systems, and strengthening of required
infrastructure to mitigate affects of climatic
changes.
Managerial changes such as timely
operations, timely application of inputs, supply
of quality inputs, selection of suitable varieties,
and strong decision support system.
Conclusions:
Thus we can say that for sustainable
agriculture we have to sustain gains through
productivity enhancement at sustainable level
because we do not want to sustain our system
at low productivity level. Wider diversity in
crops and practices are required to mitigate
the risk in farming and equitable distribution of
gain of sustainable agriculture for higher
social and economic security is required. At
the same time we have to suspend
commercial exploitation of resources so that
future generations can also enjoy the benefits
of natural resources.
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Novel Insecticides
S.B. Das
Principal Scientist
Department of Entomology
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004

The era of synthetic organic
pesticides began in the 1940s, which brought
many benefits. The different pesticides so
generated over a period of time helped
farmers to save crops from pests and enabled
them to reap harness. They also enabled in
curbing insect vector born diseases which
were considered dreaded diseases to human
and live stock etc. However, continuous
indiscriminate and universal application of
broad-spectrum synthetic organic pesticides,
since 1950s brought risks.
They have
adverse effect on natural biological control
agents, pesticides resistance development in
the target pests, health hazards to human
beings, aquatic animals, live stock and wild
fauna, adverse impact on environment such
as soil water , air etc.
The publications of Rachel Carlson’s
famous book Silent Spring in 1962 brought
doubts about the environmental and health
risks of pesticides.
Developing and
implementing an alternative to broadspectrum pesticides has been will continue to
be a challenge. The ban of certain broadspectrum insecticides and limitations imposed
on use of certain pesticides had resulted in
the development and registration of a number
of
alternative
reduced
risks
and
environmentally safe pesticides and control
strategies. These new pesticides are more
pest specific, slower acting and different mode
of action.
I.

Era
of
Organo-chlorines
Cyclodienes:

and

Before and during World War II
supplies of the botanical products became
limited. Hence, an effort was made to identify,
synthesize and manufacture new insecticides
to protect from insect born diseases and crops
from insect pests. Scientists in England and
France identified the insecticidal properties of
Organo-chlorides and Cyclodiene insecticides.
Because of low mammalian toxicity and broad
spectrum activity against insects were used in
pest control. Despite their effectiveness, the
organochlorines and cyclodiene insecticides
were more persistent in the environment, and
their adverse effect on non target species
resulted in the out break and number of

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

secondary pests or the rapid resurgence of
the pest through the suppression of beneficial
insects. In addition, these insecticides were
reported to be adversely effecting human
health and wild life because of their biomagnification in the ecosystem. As a result,
most of these products were eventually
banned or put under restricted use.
II. Era of Organo Phosphorous (OP) and
Carbamates:
German scientists identified the
insecticidal properties of organ phosphorus
compounds in 1930s, but these compounds
were primarily used for chemical warfare.
After the war, the OP compounds were
developed
as
insecticides.
The
OP
compounds were acutely toxic to mammals,
have broad spectrum of activity against insect
pests and have relatively short environmental
persistence
than
the
chlorinated
hydrocarbons. By 1995, OP compounds
accounted for an estimated 34 per cent of
worldwide
insecticide
sales.
These
compounds were widely credited for their yield
increase in agriculture.
In the late 1940s, Methyl Carbamates
(Carbamates) was developed as insecticides.
These compounds exhibit cholinesterase
inhibition activity similar to that of OP
compounds.
These too have a broad
spectrum of activity similar to that of OP
compounds and are toxic to non-target
species. They tend to degrade rapidly in the
environment, which became a problem when
it was shown to leach in soils and enter
ground water.
Both the OP and carbamate
insecticides have been continuously used in
agriculture because they are very effective
against insect pests, relatively inexpensive
and have a broad spectrum of activity. Their
continued use, however, has also brought
health problems, which includes pesticide
residues in the food, contamination of rivers
and streams via runoff from the treated fields
and destruction of wild life such as birds as
well as destruction of beneficial insects.
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III. Era of Synthetic Pyrethroids:
Pyrethroid insecticides are more
stable analogs of the natural insecticides
found in extracts from chrysanthemum flowers
(Chrysanthemum cinerarifolium). Research on
the developments of synthetic pyrethroids
have improved stability. Allethrin was the first
synthetic pyrethroid, which was registered for
the public health and urban uses, primarily
against mosquitoes and houseflies. This was
considered as first generation pyrethroid,
because it was chemically similar to the
natural pyrethrum extract.
Second generation pyrethroids were
registered in the 1960s to control public health
pests. Resmethrin was classified as secondgeneration pyrethroid group, which was about
twenty times more effective than natural
pyrethrum, but like allethrin was photoliable
(molecules that break down quickly in light)
and therefore unsuitable for out door purpose.
Permethrin and fenvalerate are the
most widely used third generation pyrethroids,
which are broad spectrum in action at
relatively
low
rates
and
improved
photostability, which resulted in their use in
agriculture.
Fourth generation pyrethroids include
fenvalerate and Lambda- cyhalothrin (Karate
® and Warrior ®). These are more effective
against insects at lower dosages than the third
generation group and are photostable and
relatively nonvolatile, so their residual activity
is no longer than that of earlier pyrethroids.
Pyrethroids have become the favored
insecticides alternatives to the OPs and
Carbamates. Perhaps the only arthropod
groups for which they are not effective are soil
insects, mites and sucking insects.
In
general, they are cost effective also. In
addition to these, pyrethroids present a lower
risk to workers and applicators, amphibians,
mammals and birds. However, most aquatic
animals and fish are highly susceptible. The
other advantage is that, due to their
hydrophobic nature, it is believed that their
movement in surface water is minimal.
However, they bind more to soil surface,
thereby runoff to water ways is very low. The
disadvantage with their usage in agriculture is
that, beneficial insects are seriously affected
and cause out breaks of secondary pests like
mites and sucking pest complex.
IV. Era of Neonicotinoids:
Neonicotinoids
are
synthetic
chemicals based on the structure of natural
compound- Nicotine. These compound acts
as a nicotinic acetylcholine receptor
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antagonist. The target site selectivity of
neonicotinoids is a major factor in their
favourable toxicological properties because
they act at much lower concentrations in
insects than in mammals. There are four
Neonicotinoids registered for agricultural useAcetamiprid, Imidacloprid, Thiacloprid and
Thiomethoxam.
Neonicotinoids are currently used for
systemic, seed, soil, chemagation and foliar
application. The systematic activity of these
compounds enables their use for the control of
sucking insects, as well as some beetles and
flies.
However, they will not control
Lepidopterans. One limitation is their cost,
which tends to be much higher than either
OPs or Pyrethroids. Neonicotinoids have
relatively low risk to mammals as their dermal
and oral LD50 values are high which make
them suitable for use on fruits and vegetable
crops.
Imidacloprid is soluble in water, has
moderate binding affinity to organic materials
in soils, a relatively long life in soils.
Acetamiprid is also water soluble, similar
binding affinity to soil, but is short lived in soil.
Thiomethoxam is water soluble, but has low
binding affinity to organic matter in soils and is
more persistent than others.
V. Era of Novel Insecticides:
A number of novel insecticides with
unique mode of action were developed during
1990s and early 2000s for insect control in
agriculture. The advantages of these novel
insecticides are:
a. Most of these products act on insect’s
processes
that
humans
do
not
experience; such as moulting etc.
b. Low mammalian toxicity allows for short
re- entry and pre- harvest intervals.
c.

Many also have greater selectivity and so
are less likely to harm natural enemies
than the OPs, carbamates and pyrethroid
insecticides.

d. They are less likely to cause outbreak of
secondary pests that are well controlled
by natural enemies.
These new insecticides also have some
disadvantages:
a. Because of their narrow range of activity,
each insecticide generally controls one
pest group. Hence the farmer may need to
apply additional insecticides which
increase total number of treatments per
acre and pest control costs.
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b. Many of the novel insecticides have fairly
short residual activity and affect only
immature stages of insects, so the
treatment timing is flexible.
c.

Finally the cost of the new insecticides is
usually higher than the older or
conventional insecticides.

A. Novel Insecticides for Lepidoptera:
Four insecticides that have actively
primarily affecting Lepidopteran pests –
Indoxacarb (Avaunt), Tebufenozoid (Confirm),
Methoxyfenozide (Intrepid) and Emamectin
benzoate (Proclaim).
1. Indoxacarb: Indoxacarb is an oxadizine
insecticides that blocks sodium channels
in insect nerve cells, causing lepidopteran
larvae to stop feeding with in 4 hours,
become paralyzed and die with in 2-5
days. It is more effective as stomach
poison than as contact poison. The
activity of the product against sucking
insects is weaker than for lepidopteran
because of slower bio-activation, lower
sensitivity and less oral
uptake.
Indoxacarb allows most predators are
immature parasites to survive, However,
the wet residues are toxic to bees and
wasps. It is reported that, oblique banded
leaforoller (Christoneura rosaceana) have
exhibited resistance in Michigan state,
USA, to indoxacarb in areas where it has
not been used, suggesting cross
resistance to older group of insecticides.
This emphasizes the need for the rotation
of Indoxacarb with insect growth
regulators (IGRs).
2. Tebufenozide and Methoxyfenozide: It
is a dibenzoylhydrazine stomach poison
that acts as IGR expecially for
lepidoperans. It mimics a molting hormone
and blocks the completion of normal
molting process. The insect stop feeding
within a few hours and under goes a
premature larval molt with in 3-7 days. It
has a residual activity of 14 to 21 days. It
is more active on early larval stages. It is
non toxic to honey bees and is not
affecting most natural enemies. Low
levels of cross resistance to this produce
have been oblique banded leaf rollers that
were not exposed in this insecticides in
California, USA. Hence, these insecticides
will need to be used in frequently,
alternatively
with
other
insecticide
chemistries.
3. Emamectin benzoate: It is a second
generation avermectin analog with
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exceptional activity against lepidopterans,
acting by decreasing the excitability of
neurons. Its toxicity is broad spectrum
than the above insecticides which is a
benefit in that it kill a wide range of
lepidopterans.
B.

Novel Insecticides
Pests:

for

Sucking

Three insecticides -Pyreproxyfen,
Buprofeazin
(Applaud,
Courier)
and
Pymetrozine have activity primarily affecting
sucking insects pests such as white fly and
scales which have developed resistance to
Ops, carbamates and pyrethroids.
1. Pyriproxifen: Zit is a pyridine compound
that acts as a juvenile hormone mimic IGR,
inhibiting egg production and the
metamorphosis of immature stages into
adults. It is most effective in the late stage
larvae or nymphs and early pupal stages
when juvenile hormore is normally low. It is
active primarily against sucking insect such
as scales, white fly and psylla. It is toxic to
crustaceans limiting its use around bodies
of water. It is highly toxic to predatory
coccinellids having both egg hatch and
population.
2. Buprofen: It is a thiadiazine IGR that
disrupts molting by preventing chitin
development. It is active primarily against
sucking insects, also has activity against
beetles. It is slow acting but persists for
long time. It has poor ovicidal activity, but
treated adults may lay sterile eggs. It has
little or no effect on lepidopteran, Dipteran
and hymenopteran insects.
3. Pymetrozine: It is a pyridine azomectin,
which is active against aphids and white
flies, It interferes with feeding behaviour,
resulting in the complete cessation of
feeding with in hours of contact. It relatively
less toxic to most natural enemies.
4. Cyromazine: It is a triazine insecticide
used as chitin synthesis inhititor IGR. It has
translaminar activity with a very narrow
range of activity, notably the early stages
of dipteran leaf miners.

VI.
Era
of
by-products
from
microorganism: A common feature of some
micro-organisms, principally bacteria and
fungi, is their natural ability to produce
metabolic byproducts that are toxic to many
organisms, Instead of relying on the
microorganisms to produce these insect active
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toxins in the field, the microorganisms can be
cultured in fermentation facilities and the
resulting metabolities can be harvested,
purified, formulated and used effectively
against insect pests. Two widely used such
commercial insecticides are Spinosad and
Abamectin.

3. Milbemycins are structurally related to
Avermectins and pesticide products based
on these by-products are under
development. More than 30 different
spinosyns have been isolated fro S.
spinosa and these are being evaluated for
pesticidal properties.

1. Spinosad: Spinosad was fermented from
the actinomycete bacterium (Saccharo
polyspora spinosa). The process yields
several metabolites called spinosyns. Of
which two biologically active compounds
form the basis for the insecticides.
Spinosad kills insects causing rapid
excitation of the nervous system leading
to involuntary muscle contractions,
tremors and paralysis. Insect must ingest
spinosad, therefore it has little effect on
sucking insects and non-target insects,
spinosad is relatively fast acting – the
insect usually dies with in 1-2 days after
application and there appears to be no
recovery. It has excellent activity on the
lepidopteran larvae. It also controls thrips.
Spinosad is very short lived, sometimes
necessitating additional application.

Recent trend in the pest control
strategy is “Induced Resistance” where by
plants, once injured by an arthropod are more
resistant to subsequent feeding and injury.
This induction has been shown for mites,
thrips, aphids and leaf minor injury. The
isolation of compounds involved in this type of
plant defense and the defending of the scope
of activity is ongoing. One commercial product
(Messenger) utilizes this technology through
induction with harpin proteins.

2. Abamectins: It is a microbial based
insecticide and acaricide, this toxicant,
produced
by
the
soil
bacterium
Streptomyces avernectilis which was
isolasted in Japan. It interferes with the
neural and neuromuscular transmission
and paralyzes insects, resulting in the
cessation of feeding and death 3-4 days
after exposure. It is most effective when
ingested, but also works as contract. It
also penetrates leaf tissues and provides
along time control of various mite species
in the field.
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Conclusion:
During the last decade, the need for
new class of insecticides with selective activity
spectrum and preferentially a new mode of
action has been recognized because of the
increasing problems of insect resistance to
broad spectrum conventional insecticides and
environmental hazards. Further, fermentation
technology has proven invaluable for the
generation of many classes of compounds
(Avermectins, Spinosyns and Pyrroles) for
exploitation by agrochemical industries. It is
clear that, all the newer molecules have
different mode of action with greater
selectivity, required at very low dosage, safer
to natural enemies and higher animals
including man.
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Recent Advances in Biofertiliser Production Technology
Ramesh Chandra
Professor & Head
Department of Soil Science
G B. Pant University of Agriculture and Technology, Pantnagar -263145, Uttrakhand
The term biofertilizer (microbial
inoculant) is used for live preparations of
microorganisms, alone or in combination,
which may help in increasing crop productivity
by way of helping in biological nitrogen
fixation, solublization of insoluble plant
nutrients, stimulating plant growth or
decomposition of plant residues.. Biofertilizers
in strict sense are not fertilizers which directly
give nutrition to crop plants. The critical input
in biofertilizers is the microorganisms. The
bioinoculants are called with the name of
contained
microorganisms.
Rhizobial
inoculants are most common and are being
used from decades. Other bacterial inoculants
like free living nitrogen fixers (Azotobacter sp.,
Azospirillum sp.), phosphate solubilizing
bacteria (Bacillus sp., Pseudomonas sp.) and
PGPR (Pseudomonas sp.) are also becoming
popular in commercial market. Biofertilizers
are cost effective, eco-friendly and renewable
sources of plant nutrient and assumes special
significance in India, where majority of farmers
are marginal having small holdings
CONSTRAINTS
TECHNOLOGY

OF

BIOFERTILISER

The success of inoculation technology
depends mainly on microbial strain used in
their preparation, soil and environmental
factors and inoculants formulation. In spite of
the central role of formulation in successful
commercialization of inoculant products,
research in this area has been largely ignored.
Development of improved formulations often
rests with inoculant manufacturer’s Research
and Development facility which are primarily
located in developed countries where target
market exist, but they fail to consider the
unique problems in applying these inoculants
in developing countries. The most important
characteristic common to most of biofertilisers
is unpredictability of their performance. In
order to harness the benefits of biofertilisers in
agriculture,
the
consistency
of
their
performance must be improved (Wani and
Lee, 2002). Mostly bacteria introduced to soil
may fail to establish in sufficient number in
rhizosphere because of severe competition
from native population and little is known
about factors controlling competitiveness of
bacterial strains under field conditions.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

BACTERIAL INOCULANT FORMULATIONS
Formulation is a crucial aspect for
producing microbial inoculants. Formulation
typically consists of establishing the viable
bacteria in a suitable carrier together with
additives that aid in the stabilization and
protection of the microbial cell during storage,
transport and at the target site. The
formulation should also be easy to handle and
apply so that it is delivered to the target in
most appropriate manner and form that
protects
the
bacteria
from
harmful
environmental factors and maintain or
enhance the activity of the organisms in the
field. Therefore, several critical factors
including user preference have to be
considered before delivery of the final product
(Xavier et al. 2004).
Carriers based inoculants
The carrier based inoculants are
prepared by mixing sufficient microbial cells in
solid sterile or unsterile carrier. A suitable
carrier plays a major role in formulating
microbial inoculants. Carrier is the delivery
vehicle which is used to transfer the live
microorganism to the rhizosphere. A number
of parameters for superior quality carrier have
been prposed, which includes, high water
holding and water retention capacity; no heat
of wetting; non toxic; easily biodegradable and
non polluting; have neutral or easily adjustable
pH; supports growth of bacteria, amenable to
nutrient supplement, suitable for mixing,
curing and packaging operations and
available in plenty in powder or granular form
and at reasonable cost. Considering the
above characteristics it is clear that not a
single universal carrier is available which fulfill
all these features, but good one should have
as many as possible. Peat, charcoal and
lignite are the common choice and most
commonly used for Rhizobium and other
inoculants from decades. However, the cost
of production of carrier based inoculants is
high as it involves energy and labour intensive
processes such as mining, drying, millling,
sieving, sterilization and correcting pH
(Somasegaran and Hoben, 1994). These
inoculants also suffers with draw backs of
shorter shelf life during storage and high
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contamination and generally results in
inconsistent field response. Further the
availability of good carrier material in India is
limited
and
their
transportation
and
sterilization are costly and cumbersome. The
usual carrier based biofertilisers also have
some drawbacks for seed inoculation like
seed coat damage, seed coat toxicity, death
of cells due to desiccation and possible
contact of microorganisms with agricultural
chemicals.
Liquid inoculants
Liquid
inoculants
are
special
formulation
containing
desired
microorganisms in viable form, their nutrients
and certain chemicals primarily function as
microbial cell protectant and amendments that
promote cell survival during storage and after
application to seed or soil. Various liquid
media have been used to prepare the liquid
biofertilizers of rhizobia (Singleton et al.,
2002). These media normally consists of
carbon, nitrogen and vitamin sources, which
promote the growth of bacteria. However,
some additives in liquid inoculants are added
to improve the quality of the inoculants by
increasing the population density and
enhanced shelf life (Tittabutr et al., 2007).
Several additives have been identified for
development of liquid inoculants based on
their ability to protect rhizobial cells during
storage and on seeds at extreme conditions
likes high temperature, desiccation and in
presence of toxic seed exudates. Most of the
additives are high molecular weight polymer of
complex chemical nature with water solubility,
non-toxicity, ability to limit heat transfer, good
rheological properties and high water activities
(Mugnier and Jung, 1985; Deaker et al.,
2004). Some of the polymers which are
currently used in preparation of liquid
inoculants
includes
polyvinylpyrrolidone,
methyl
cellulose,
polyvinyl
alcohol,
polyethylene glycol, gum Arabica, trehalose,
glycerol, Fe-EDTA, sodium alginate tapioca
flour etc (Singleton et al., 2002; Tittabutr et al.,
2007). Some time seed-released compounds
bind iron in the yeast extract, making it
unavailable to cells. Supplementary iron in
liquid inoculants as Fe-EDTA may, therefore,
replace Fe bound by seed exudates (Ali and
Loynachan, 1990). Glycerol is a carbon
source for rhizobia. It also has a high waterbinding capacity and may protect cells from
the effects of desiccation by slowing the
drying rate. Its flow characteristics appear to
promote rapid and even coating of seeds.
Trehalose is widely reported to enhance cell
tolerance to desiccation, osmotic and
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temperature stress. It acts by stabilising both
enzymes and cell membranes, and is a
compatible osmoticum as well and is readily
manufactured by Bradyrhizobium under
optimum growth conditions. Glucose in
medium promotes the production of the
storage product glycogen. In the absence of
glycogen, osmotically stressed cells are
reported to release their supplies of trehalose,
an undesirable outcome. Glucose also
enhances exopolysaccharide production,
which could protect cells during the rapid
drying to be encountered at inoculation.
Mannitol is known to play many potential roles
in a liquid inoculant. It serves as carbon
source for most rhizobia and in conjunction
with arabinose supports the greatest
production of trehalose in some rhizobia
strains. Mannitol is also reported to protect
cells during the rapid drying they experience
at inoculation both as a solute and in
enhancing
polysaccharide
production.
Polymers that are soluble in liquid inoculant
formulations make for convenient batch
processing of inoculants and make seed
application a simpler process for farmers. The
type and concentrations of polymers govern
the growth and survival of rhizobia in liquid
inoculants. (Singleton et al., 2002).
The liquid inoculants are produced by
simple fermentation process. Broth culture of
the desired rhizobia or other bacteria from the
fermentor is directly dispensed in polythene
sachets or glass bottles aseptically, packed
and stored. It minimizes the production cost
by avoiding processing and sterilization of
solid carrier material.
The complete
sterilization could be achieved with liquid
formulations and any contamination during the
storage can be easily detected. Thus,
production of liquid inoculants saves man
power, space and energy. The quantity of
liquid inoculants required for seed/ soil
inoculation is less compared to carrier based
formulations and there is no need of any
sticker
material
unlike
carrier-based
inoculants. Liquid inoculants can easily be
adopted to advanced seeding equipments,
since it can be sprayed on to seeds as it
passes through seed drill and dries before it
travels in to the seed bin on the planter.
One of the criterion to assess the
quality of biofertiliser is the counts of viable
cell of desired microorganisms in the inoculant
at the time of preparation and during storage.
Bramprakash et al. (2007) studied the survival
of Bradyrhizobium sp. in four inoculants
formulations at 30 days intervals for 540 days
at room temperature conditions. Results
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revealed that liquid inoculant had higher shelf
life of more than one year. In another study on
survival of Mesorhizobium ciceri in liquid and
charcoal based inoculants under refrigerator
and room temperature conditions for 24
weeks, it was noticed that refrigerated
conditions allowed better survival of
Mesorhizobium sp. in both the liquid and
carrier inoculants (Fig. 1). However, variations
in viable counts at different intervals in the
inoculants stored at refrigerated and room
conditions were more in carrier than in liquid
inoculants. Irrespective of storage conditions,
Mesorhizobium sp counts in liquid inoculant
was 19.1 and 12.3 % higher over carrier
inoculant
at
room
temperature
and
refrigerated conditions, respectively (Sahai
and Chandra, 2009). It may be attributed to
presence of both PVP and glycerol in the
medium that probably resulted in increased
production of PHB (poly-α- hydroxybutyrate)
and provided protection against high
temperature.
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Polymer entrapped inoculants
During the last decade, several
experimental formulations based on polymers
have been evaluated. These polymers have
demonstrated potential as bacterial carriers
for microbial inoculants (Jung et al., 1982) that
offered substantial advantages over peat.
These formulations encapsulate the living
cells, protect the microorganisms against
many environmental stresses, and release
them to the soil, gradually but in large
quantities, when the polymers are degraded
by soil microorganisms. They can be stored
dried at ambient temperatures for prolonged
periods, offer a consistent batch quality and a
better defined environment for the bacteria,
and can be manipulated easily according to
the needs of specific bacteria. These
inoculants can be amended with nutrients to
improve the short-term survival of the bacteria
upon inoculation, which is essential to the
success of the inoculation process, especially
with associative PGPB (Bashan, 1998).
However, major constraint for the inoculation
industry is that polymers are expensive
compared to peat-based inoculants and
require more handling by the industry. The
encapsulation of microorganisms into a
polymer matrix is still experimental in the field
of bacterial-inoculation technology. At present
there is no commercial bacterial product using
this technology.
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Fig.1. Survival of Mesorhizobium sp. in
carrier (CI) and liquid (LI) inoculants
in refrigerated and room conditions
(Sahai and Chandra, 2009)
Since the liquid biofertiliser have high
cell count, each seed receives more than
thousands of cells. Further, additives in liquid
biofertiliser protect the cells on the inoculated
seeds against toxicity, desiccation and osmotic
shock and the numbers of cells surviving on
legume seed were higher with application
through liquid inoculant (Girisha et al., 2006).
Researchers have shown that the performance
of liquid rhizobial formulations is comparable to
that of peat-based products under field
conditions (Hynes et al., 2001). The field
efficiency of the liquid inoculants was tested by
on farm trials under different agroclimatic
conditions of India for two successive years on
4 different legumes like groundnut, pigeonpea,
chickpea and soybean. Results of trials showed
that liquid Rhizobium inoculants performed
better than the carrier based Rhizobium
inoculants (Brahmaprakash et al., 2007).
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Alginate based formulations
Alginate is the most commonly used
polymer for encapsulation of microorganisms
and it is a naturally occurring polymer
composed of β-1,4-linked D-mannuronic acid
and L-glucuronic acid. It is obtained from
different macroalgae as well as several
bacteria. Because of the massive production
of alginate in the Far East, alginate cost has
recently dropped making it potentially more
attractive to the inoculant industry. The
preparation of beads containing bacteria is
fairly easy and involves a multistep procedure
(Digat, 1991). The main advantages of
alginate preparations are their nontoxic
nature, biodegradability, and their slow
release of microorganisms into the soil. The
bacteria survived in the field long enough and
their populations were comparable to the
survival of bacteria originating from other
carrier-based inoculants (Bashan et al. 1987).
Furthermore, the addition of clay and skim
milk to the beads significantly increased
bacterial survival over alginate beads alone.
Alginate mixed with perlite was used to entrap
Rhizobium (Hegde and Brahmaprakash,
1992). Colonization of wheat roots by
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beneficial cells released from the beads was
superior to that achieved by direct soil
inoculation. These studies provide clear
evidence that alginate beads are efficient
slow-release carriers for plant inoculants,
providing a protective environment in the soil.
Alginate preparations may have
solved many of the problems associated with
traditional peat inoculants and the many
problems associated with tropical, low input
agriculture. In many parts of tropical region
there is always a chance of prolonged dryness
after sowing and microbial inoculation. Being
alginate encapsulated formulations are
already desiccated microorganisms will be at
a low metabolic activities due to lower water
availability, and they are released into soil
only after sufficient moisture is available,
which always coincide with the germination of
seeds.
Considering the cost involved in
production of alginate formulations, attempts
have been made to amend these formulations
with material like rock phosphate, cement,
bentonite clays, granite powder, gypsum,
lignite, talc by which cost of production can be
minimized besides adding bulkiness to
formulation (Nethravathi and Brahmaprakash,
2005).
Microbial consortia inoculnts
Microbial inoculants with multiple
organisms are not yet produced commercially.
Till now, the research on mixed microbial
inoculation is only confined to development
and inoculating each bacterium in separate
formulation. But developments of new
inoculant formulation like polymer entrapped
desiccated inoculants have opened new vistas
in mixed microbial inoculants. In this direction
concept of “microbial consortium” assumes
greater importance. Feasibility of production of
microbial consortium containing Rhizobium
and PSB using lignite, liquid and alginate
granules have been tested (Netthravathi and
Brahmaprakash, 2005). It was observed that,
microbial consortium developed using alginate
encapsulation was able to conserve the
viability of both the organisms used for more
than 6 months. But in liquid formulation fast
growing Bacillus had outnumbered the slow
growing Rhizobium. There is a need to be
caution in selecting the bacterial strains and
formulation in development of microbial
consortium. Care should be taken to avoid
bacterial strains which have antagonistic
interactions among themselves.
AM INOCULANTS
The VAM being an obligate symbiont
there are many constraints in its large scale
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

commercial production and application. As the
attempts at the production of AM in the
artificial media have met with little or no
success the only method of production is in
association with the host plant. So at present
the only technique successful in mass
production of AM inocula is by pot culture.
There are different types of AM inocula
required for different purposes. The spores of
AM fungi are used as inocula generally for
experiments and in special cases where when
the plants are grown in vitro conditions. Large
scale production of spores is difficult
(Bagyaraj et al., 2002).
Infected root inoculum
Large scale production of infected
root inoculam is possible in aeroponic
cultures. Infected roots contain internal
mycelium and external mycelia (may have
spores). Infected roots can colonize the host
after one or two days of inoculation. Root
inoculum without spores should be used
within a week. In vitro reproduction of some
AM-fungi on tissue cultured roots has been
demonstrated (Nopamornbodi et al., 1988).
The production process is difficult and
expensive. Other problems are a) infected
root introduced as inocula acts as an
attractive nutrient source for several
saprophytic and parasitic microorganisms b)
short survival time and c) large quantities of
inocula required.
Soil based inoculums
Soil based inoculum is produced
using a traditional pot-culture techniques
containing all AM fungal structures and is
highly infective. The success of good soil
inoculum production depends on the selection
of host-plant and the ambient conditions under
which a defined AM fungus can be mass
multiplied (Bagyaraj et al. 2002).
Peat based
technique)

inoculants

(Nutrient

film

AM inocula obtained from pot cultures
were incorporated into peat and compressed
into blocks. Lettuce allowed to grow in the
peat block for 2-5 weeks then the blocks are
transferred to nutrient film technique (NFT)
channels (Cooper, 1985). The NFT channels
have slope and nutrient solution flows @ 200
ml per minute. Plants are allowed to grow in
NFT system for 8-10 weeks. During this time,
mass reproduction of the fungus takes place.
The peat blocks were allowed to dry, chopped
and used as AM inoculum. The shelf life of
this is around six months (Bagyaraj et al.
2002).
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THRUST AREAS
Future of inoculant technology and
its benefits for agriculture depends on
improving inoculant quality and effectiveness.
Hence, the challenge is to develop and
popularize a inoculant formulations with
extended shelf life and effectiveness in its
response once inoculated, be it seed or soil.
There is a need for extensive research to
synthesis a new inoculant formulation like
freeze dried, fluid bed dried inoculants.
Improved application technology may be
necessary for effective use of newly
formulated inoculants and there should be
simultaneous approach in developing this
technology.
Recently
mixed
microbial
inoculants are becoming popular hence
further research work is warrnted in this area
and proper regulations and quality control
guidelines needs to be formulated.
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The System of Rice Intensification(SRI)
in
French, le Système de Riziculture Intensive ;
referred to as SRI in English and French and
as SICA in Spanish is quite literally a system
rather than a technology because it is not a
fixed set of practices. While a number of
specific practices are basically associated
with SRI, these should always be tested and
varied according to local conditions rather than
simply adopted.
With good use of these practices, it is
usually possible to increase rice yields by 50 to
100%, and increases of 200 to 300% have
been achieved where the initial level of
production was low. Such increases can be
attained without requiring farmers to change
varieties or to use any purchased inputs. Only
about half as much water is needed with SRI,
so there can be substantial water savings from
this method of production.
The principles that underlie SRI
practices are more important than the
practices themselves, and thus these
principles should be considered first. The
practices that follow from these principles differ
dramatically from those that irrigated rice
farmers have used around the world for
decades, centuries and even millennia.
SRI grew out of insights gained by Fr.
Henri de Laulanié from his three decades of
work with rice and rice-growing farmers in
Madagascar. He sought to learn how the best
possible growing environment can be provided
to rice plants. SRI practices were crystallized
in 1983, but were not evaluated or
disseminated very much for a decade.
Indeed, SRI methods were even not
tried outside of Madagascar until 1999, first at
Nanjing Agricultural University in China, and
then by the Agency for Agricultural Research
and Development in Indonesia. Since 2000,
the evaluation and dissemination of SRI has
spread to a dozen more countries, usually with
good results and sometimes with spectacular
results. There is thus growing interest around
the world in this sys- tem for rice production.
The objective of SRI is not to
maximize yields but rather to achieve higher
productivity from the factors of production
devoted to rice land, labor, capital and water.
Increases in productivity should be achieved in
ways that benefit both farmers and consumers,
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especially poorer ones, and that are
environmentally friendly if an innovation is to
contribute to equity and sustainability.
The productivity of these four factors
of production can be raised all at the same
time with SRI practices, without tradeoffs
among them. The exact yields obtained with
the methods will vary considerably, since
yields depend on the skill with which the
practices are used as well as upon the soil and
other growing conditions for the rice. So far,
SRI methods have been able to raise the
yields of any and all varieties used, both
traditional and improved cultivars.
Principles
SRI practices derive from the following
observations that come from the work and
writings of Fr. De Laulanié:
1. Rice is not an aquatic plant. Although rice
can survive when growing under flooded, i.e.,
hypoxic, oxygen-less, conditions, it does not
really thrive in such a soil environment. Under
continuous sub- mergence, most of the rice
plant s roots remain in the top 6 cm of soil, and
most degenerate by the plant s reproductive
phase.
2. Rice seedlings lose much of their growth
potential if they are transplanted more than
about 15 days after they emerge in their
nursery. This potential can be preserved by
early transplanting, be- fore the start of the
fourth phyllochron of growth, in conjunction
with the other SRI practices.
3. During transplanting, trauma to
seedlings and especially to their roots
should be minimized. Stress, such as from
the drying out of roots, delays the resumption
of plant growth after transplanting and reduces
subsequent tillering and rooting. This principle
does not mean that one can get good SRI
results only with transplanting; it means that
trans-planting when done should be done very
carefully. Direct seeding can also be used with
SRI practices as it avoids root trauma entirely.
4. Wide spacing of plants will lead to
greater root growth and accompanying
tillering, provided that other favorable
conditions for growth such as soil aeration are
provided.
5. Soil aeration and organic matter create
benefi- cial conditions for plant root growth
and for con- sequent plant vigor and health.
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This appears to be the result of having greater
abundance and diversity of microbial life in the
soil, which helps plants resist damage from
pests and diseases.
Practices
To give effect to these principles, SRI
is communicated in terms of a set of practices
or techniques. These should be understood as
starting points
for experimentation and for
fitting SRI to local conditions.
1. Start by transplanting young seedlings,
prefer- ably 8-12 days old and not more than
15 days, when the plant still has just two small
leaves and the seed sac is still attached to the
root. The nursery from which the seedlings are
taken should have been cultivated like a
garden, not kept submerged in standing water.
2. Transplant seedlings quickly and
carefully allowing only 15-30 minutes between
uprooting from the nursery and planting in the
field
a. Seedlings should be put 1-2 cm deep into
soil that is muddy but not flooded. b. They
should be laid into the soil with care, with roots
lying horizontally so that their root tips are not
pointing upward.
3. Plant the seedlings far apart, with
a. One seedling per hill and
2
b. Relatively few plants per m In some soils, 2
plants per hill may give more tillers per m but
certainly more plants in a hill will create
inhibitions on root growth due to competition.
4. Plant in a square pattern to facilitate
weeding.
The most common SRI spacing is 25x25 or
20x20cm spacing, but with good soil
conditions, the hills can be up to 50x50 cm
apart. With a square pattern, weeding can be
done in perpendicular rows.
5. Keep the soil well drained rather than
continuously flooded during the vegetative
growth period. Then, after panicle initiation,
keep only a thin layer of water on the field (1-2
cm) until 10-15 days before harvest, when the
field should be drained. During the vegetative
growth period of tillering, one can either:
a. Apply small amounts of water daily just
as much as needed to keep the soil moist but
never saturated, with no standing water.
During tillering, the field should be left to dry
out for several short periods (2-6 days), to the
point of surface cracking; or
b. Flood and dry the field for alternating
periods of 3-6 days each throughout the
period of vegetative growth. With either
method, the objective is to avoid sustained
hypoxic soil conditions that will cause the roots
to form air pockets aerenchyma) and begin to
de- generate.
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6. To control weeds, there should be early
and frequent weeding . This is best done
with a simple mechanical hand weeder often
called a rotating hoe, starting about 10 days
after transplanting. Then weed about every 10
days, at least once more and if possible 2 or 3
times more, until canopy closure makes
weeding difficult and no longer necessary. The
purpose of any later weedings is more to
aerate the soil than to remove weeds.
7. Add nutrients to the soil, preferably in
organic form such as compost or mulch.
This is optional since the above practices will
increase yield in almost any soil, at least for
several years. The best results with SRI come
from soil that is rich in organic matter and
microbial activity. SRI farmers often apply their
compost to a preceding crop, such as potatoes
or beans, rather than to the rice crop itself, to
give more time for decomposition and
microbial multiplication. Chemical fertilizers
used with SRI practices raise yield, but they do
not contribute as much over time to soil
quality, which is a key factor in best SRI
performance.
Approach
SRI is characterized as a methodology
rather than as a technology because it is not to
be presented to farmers as a set of practices
to be simply adopted . The principles 2 behind
SRI should be explained so that farmers
understand the reasons for the practices.
Farmers should be encouraged to test, vary
and evaluate the practices, adapting them to
their own field conditions and taking factors
like their labor constraints into account.
Techniques for spacing
1. Use of Ropes: SRI was developed using
ropes or strings tied to sticks that were stuck
into the bunds of the plot to stretch
transplanting lines 25 cm (or some other
distance) apart in order to get precise (and
wider) spacing. The ropes or strings were
knotted or marked at intervals of 25 cm (or
wider), and seedlings were then put into the
soil at exactly this spacing. With practice, this
system can become fairly efficient and quick.
However, moving the sticks and managing the
ropes or strings remains a chore, and it can be
quite laborious.
2. Rakes: Some farmers in Madagascar and
many in other countries are now using a
wooden rake with teeth (pegs) spaced at 25
cm, or wider, intervals. This rake is drawn
across the muddy field at right angles to draw
lines on the surface of the field in two
directions. Seed- lings are then placed into the
soil at the intersections of these lines. Farmers
find that this speeds up the trans- planting
process a lot.
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Alternate wetting and drying (AWDI)
In Madagascar a large number of
farmers are now using a system of alternate
wet-dry irrigation (AWDI) instead of continuous
non-flooding (NF) during the vegetative growth
period. We do not know whether this gives
them higher yields, or just saves them labor, or
both. This subject merits more systematic
study it has had thus far. It makes sense to
describe to farmers both AWDI and NF
approaches to water management, making
sure that they understand the principle
justifying the use of either method.
We will soon have data evaluating the
two methods when Oloro McHugh completes
his master s thesis in agricultural engineering
at Cornell. He studied the practices of 108
farmers in four different locations in
Madagascar who were using both SRI and
standard irrigated rice methods on their farms.
Among the 53 farmers who were using AWDI
along with other SRI practices, there were 31
combinations of wet days/dry days during the
tillering period. The average numbers were 4.4
days wet followed by 4.8 days dry, but there
were almost all conceivable combinations. The
range of wet days was 1 to 10 wet days, and
of dry days, also 1 to 10, so there were no
strongly preferred or obviously superior
rotational systems.
Rather than make a specific
recommendation for water management
practices, we should discuss with farmers the
principle of not keeping the soil continuously
saturated so that rice roots are deprived of
oxygen and start dying back. We should
describe the alter- native means to achieve
this objective, letting farmers decide what is
likely to work best for them. Certainly different
practices are needed for clay vs. other kinds of
soil.
Weeding
This is necessary for growing rice
when fields are not kept continuously flooded.
We recommend use of the rotary weeder, as
noted above. However, there are the options
of (b) manual weeding, or (c) using herbicides.
Some farmers in Cambodia are using (d)
simple hoes, which loosen the soil as they
remove weeds, and in Sri Lanka, some
farmers are experimenting with (e) mulching.
The latter conserves water as it suppresses
weeds and possibly adds nutrients to the soil.
If soil is rich in organic matter, there can be
vigorous populations of earthworms and other
macrofauna subsurface that contribute to soil
aeration biologically, perhaps as much as
could a mechanical weeder.
Weedings with a rotary hoe should
begin within 8-10 days after transplanting, to
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get ahead of weed growth, though possibly the
start can wait until 12-15 days. Farmers should
understand that the purpose of such weeding
is to aerate the soil as well as remove weeds.
Two weedings is usually the minimum number
needed. Some field conditions may require
more than this. We would encourage 3 or 4
weedings even if not needed for weeding
purposes because this contributes to soil
aeration and usually results in higher yields.
Table: Performance of Hybrid rice and
improved varieties in Madhya
Pradesh under SRI
Treatments
Grain yield
(Rice hybrids)
(q/ha)
Pro-Agro 6444
91.74
Pro-Agro 6201
88.12
Pro-Agro 6129
80.74
Pro-Agro 6111
68.67
PHB 71
85.87
Shabnam (403)
78.12
MPH 222 (Tara)
88.37
Advanta 801
88.74
JRH 4
83.74
JRH 5
75.23
KRH- 2
86.6
PRH-10
89.0
MR -219
79.6
WGL-32100
61.0
IR 36 (Local check)
61.99

Nursery raising for SRI

Performance of rice hybrid rice under SRI cultivation

197

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


Productivity and Soil Health in Relation to Long Term Nutrient
Management in Different Cropping System
Muneshwar Singh
Project Coordinator
All India Coordinated Research Project on Long-Term Fertilizer Experiments
Indian Institute of Soil Science, Bhopal (M.P.)
With the introduction of high yielding
varieties and use of high analysis fertilizer in
intensified
agriculture
under
irrigation
condition resulted in green revolution in our
country. But continuous use of chemical
fertilizer in indiscriminate manner without
assessing soil also had adverse effect on
productivity and environment. Though use of
high analysis fertilizer ensured the high
production but also resulted in acceleration of
mining of native sources of nutrient. This has
led to appearance of hidden hunger of several
other essential nutrients and sustainability of
our agriculture has become venerable. High
analysis fertilizer (NPK) resulted in deficiency
of Zn and S, in Indo-Gangatic Plain (IGP) and
caused decline in productivity. The ever
increasing population and shrinking natural
resources (land and water) are building
pressure to produce more and more from a
unit area in a unit time. The pressure on
natural resources in Indian context could be
assessed as well from the fact that it supports
18 percent of human and over 15 percent of
live stock of the world from 2.3 percent of
world’s geographical area. The overstressing
on natural resources by disproportionate
human and livestock population led to non
sustainability
of
many
agro-systems.
Therefore, it has become essential not only to
sustain our agro-system but also to keep the
pace of acceleration with increasing demand
of food and fiber.
Under present scenario it is beyond
imagination to sustain the productivity without
fertilizer input. But due to over-mining of the
nutrient, Indian soils are showing negative
balance to the tune of 12-14 million tons yr-1
and the negative balance is likely to increase
in future even after using the full potential of
fertilizer industry. The increase in nutrient
efficiency not only would help in reducing the
negative nutrient balance but also curtail the
input cost and acts as key to safe ground the
environmental. The nutrients use efficiency
(NUE) and productivity goes hand in hand
compliments each other. Under this situation
integrated nutrient management not only
reduce the nutrient gap between addition and
removal but also ensures the higher nutrient
use efficiency, sustainability of the system and
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minimize the environmental pollution. In this
paper, attempts is made to have an over view
of integrated nutrient management on
productivity and soil health.
1

What is Integrated Plant
Supply System (IPNS)

Nutrient

The survey of literature revealed that
to convey the meaning of integrated plant
nutrient different terms are being used viz.,
Integrated plant nutrient supply system
(IPNS), integrated nutrient management
(INM), balance nutrient etc. The basic
principle of IPNS is based on nutrient supply
through different sources i.e. FYM, crop
residues, organic manure and fertilizer to plant
for sustaining the productivity. The number of
workers attempted to define IPNS by taking
into account various parameters like
productivity, maintaining living organism and
socio-economic situation.
(i) Integrated Plant Nutrition System
(IPNS): It is defined as the maintenance or
adjustment of soil fertility and of plant nutrient
supply to an optimum level for sustaining the
desired crop productivity through optimization
of benefit from all possible resources of plant
nutrient in an integrated manner (Roy and
Ange, 1991).
(ii) Integrated Plant Nutrition System
(IPNS): IPNS is used to maintain or adjust soil
fertility and plant nutrient supply to achieve a
given level of crop production. This is done by
optimizing the benefits from all possible
sources of plant nutrient (FAO, 1998).
(III) Integrated Nutrient Management (INM):
INM it actually the technical and managerial
component achieving the objective of IPNS
under farm situations. It takes into account of
all factors of soil and crop management
including management of all other inputs such
as water, agrochemicals amendment etc
besides nutrients (Goswami, 1998).
2

Potential Sources of Organic Material

The annual potential of organic
resources in the country available for use
through excreta of live stock and human, crop
residue, sewage sludge, municipal waste etc
is estimated to be around 20 m tons currently

198

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


expected to be around 28 m tons together N,
P2O5 and K2O exclusive of micronutrient
(Bhardwaj and Gaur, 1985). In addition to this
following source are also available.
a. Organic Manure: Organic manures like
FYM and composts are the important
component of IPNS and should be assessed
for the quantity available. According to one
estimates nearly 800 m tons of organic
manure available which comes out to be 2.5 t
ha-1 yr-1 on an average if spread over 329
mha-1 geographical area of the country.
b. Press mud: Sugarcane industry is the
main sources of press mud which contains 1.0
to 2.5% N, 0.25 to 0.65% P and 0.4 to 0.85%
K but being acidic in nature can be applied to
alkaline soils. However, other type of press
mud which is obtained from carbonation
process contains lime and can be used in
acidic soils. Nearly 2.7 m tons press mud is
produced every year in our country.
c. Green Manure and BGA: Green manure is
a good source of biologically fixed N and
organic carbon. Several green manure crops
like Sesbania, Crotolaria juncea, Tephorosea
purpussa and sunhemp etc are grown in our
country. A 40-45 days old crop can supply
100-125 kg N which is almost equal to
average N applied in most of the cereals
crops. However, green manure is suited for
rice based system. But practicing of green
manure is restricted to a limited area like
Kerala and North East part of the country
where water is available during summer
season. In North though water is available but
farmers prefer to grow summer mung rather
than growing green manure crop. In addition
to green manure crop, growing of legume
trees on bund or outside the field for the
purpose of green manure is also practiced in
pocket. Blue green algae (BGA) are also
component of INM which is practiced in rice
based cropping system. BGA is being
practiced in Eastern and North Eastern part of
the country.
d. Legume Residue: As discussed in
previous section in North Western part of the
country short duration summer mung is grown
in between rice-wheat during fallow period.
After harvesting pod, the C residue is
incorporated in soil per ha which save 60 kg N
(Rekhi and Meelu, 1983) (Singh and Dwivedi,
1996).
3

sources of nutrient including pond silt and
earth scraping of fig tree in addition to FYM.
The introduction of chemical fertilizers had led
to little/no use of organic manure for a short
period. But due to increasing cost of fertilizers
farmers again started using organic manure to
supplement the nutrient which reduced
dependence on chemical fertilizer. A large
volume of work was scanned and package of
integrate nutrient management was made
available for different agro-system (IISS
Bulletin No. 2, 1998). Enhancing the
productivity is a prime objective and priority of
Indian agriculture to feed the ever growing
population from shrinking natural resources.
Inclusion of various components to supply the
nutrient under INM depends on cropping
system and availability of resources in a
particular location. To study the impact of
integrated nutrient management (INM) on
productivity and soil health, long term fertilizer
experiments play a vital role.
a. Rice- Wheat: Rice-wheat is most
predominant cropping system of the country
and contributes major portion of food basket.
The yield data (Table 1) of Pantnagar
(Mollisols), Barrackpore (Inceptisols) and
Raipur (Vertisols) indicated that integration of
nutrients resulted increase in productivity of
the system at all the three places and
incorporation FYM further enhanced the
productivity. At Pantnagar application of 100%
N alone for 34 years, average yields of rice
and wheat recorded were 4780 and 3115 kg
-1
ha . Integration of P with N and K with NP
resulted in increase in yield of rice to 4865
-1
and 5095 kg ha and of wheat to 3779 and
-1
3794 kg ha respectively. Incorporation of
FYM with NP K further increased productivity
of rice and wheat to 5788 and 4497 kg ha-1
respectively. The similar trend in yield on
integration of nutrient was also noted at other
two locations with differing level of magnitude
in productivity because of climatic condition.
Increase in yield on incorporation of FYM is
not only due to additional supply of major
nutrients but also ruled out the hidden hunger
of Zn and secondary nutrient at many places.
Moreover, organic manure also helped in
turnover process of nutrients in soil which is
responsible for nutrient transformation in soil.
To evaluate the INM practice on
productivity of rice and wheat number of trials
were conducted throughout the country under
AICRP Agronomy. The data summarized in

Productivity of the System under INM

Since ages Indian farmers are firm
believers of INM and were using all possible
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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table 2 indicated that combined use of
6 t green manure (Parthenium) with 90 kg N
fertilizer and organic manure (FYM) resulted
not only sustained the productivity but also
in increase in larger productivity of the system
saved nearly 90-100 kg ha-1 fertilizer N
with residual effect on subsequent wheat crop
annually. In addition to saving of nitrogen,
(Singh and Singh 1998). Eight years study on
integrated nutrient management practices also
integrated nutrient management in rice-wheat
improved the SOC and nutrient status of soil
in Vertisols (Singh et al., 2001) at Jabalpur
(Table 3).
revealed that conjunctive use of 5 t FYM and
Table-1 Effect of integrated nutrient management on average productivity of rice-wheat
-1
(kg ha ) cropping system under LTFE at different locations
Treatments

Pantnagar

Barrackpore*

Raipur

1972 to 2006-07

1972 to 2006-07

1999- 2006-07

Crop

Rice

Wheat

Rice

Wheat

Rice

Wheat

Control

2.93

1450

1507

747

2382

1057

100 % N

4.78

3115

3194

1962

3678

1544

100 % NP

4.86

3779

3573

2206

5095

2210

100 % NPK

5.09

3794

3719

2321

5158

2239

NPK + FYM

5.78

4497

3515

3620

5541

2697

100% NPK +
GM

-

-

-

-

4666

1744

50% NPK + BGA

-

-

-

-

4225

1624

611

448

265

316

328

346

CD 5%

Saha et al., (2008)
1
Table-2 Effect of combined use of organic and inorganic fertilizer average crop yields (t ha ) in
rice-wheat at different location

Treatment

Location
Bhagalpur (87 trails)

Manipur (96 trails)

Ludhiana (5 years)

Rice

Wheat

Rice

Wheat

Rice

Wheat

Rice

Wheat

FoN60

FoN60

4.21

2.75

441

1.04

5.6

2.8

F12 N60

4.14

2.95

5.44

1.33

5.7

3.9

a

F12 N60

At Ludhiana a= N80 to rice and N90 to wheat
Singh and Singh (1998)
Table-3 Integrated Nutrient management in rice wheat for 7 years and average productivity of
-1
rice-wheat (tha ) and nutrient status in Vertisol at Jabalpur
Treatment

Rice

Wheat

OC%

P**

K*

N90

4.42

4.19

0.58

21.1

138

N180

5.08

4.70

0.71

18.7

125

N90 +FYM

4.95

4.49

0.74

40.1

230

N90 +GM

4.58

5.07

0.72

39.1

240

0.60

19.5

195

Initial

-

Nutrient Status after 7 years (mg kg)

Singh et., al, 2001, *Singh et., al 2002 & **Singh et., al. 2007.
b. Soybean Wheat: Soybean-wheat is
predominant cropping system of MP and
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

becoming
popular
in
Rajasthan
and
Maharastra. Thirty five years data summarized
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-1

-

in table 4 clearly indicated that integration of N,
Kg ha (100% N alone) to 861 and 1496 Kg ha
1
respectively and the corresponding yields of
P and K sustained the yield at a higher level
wheat recorded were 375 (100% N) 2432 kg
compared to application of N and NP. However,
-1
-1
the maximum average productivity is recorded
ha and 2789 Kg ha (Table 4) It is interesting
with conjunctive use of NPK and FYM. The
to note that integration of NPK with FYM further
impact of INM on productivity scenario recorded
increased the yield of both soybean and wheat.
at Ranchi (Alfisols) is different. Continuous
At Ranchi use of lime as a component of INM
application of N alone compared to control
also improved the productivity significantly.
indicates that N has adverse effect on
Thus big jump in yield indicates that integrated
productivity. Integration of P and PK with N
nutrient management becomes more important
resulted increase in yield of soybean from 296
in soils which have poor buffering capacity.
Table-4 Effect of integrated nutrient management on average productivity of soybean/ maizewheat system under LTFE at different locations
Treatments

Ranchi

Jabalpur

Palampur

Crop
Control
100 % N
100 % NP
100 % NPK
NPK + FYM
NPK + Lime
CD 5%

1972 to 2006-07
Soybean
Wheat
617
705
296
375
861
2432
1496
2789
1832
3333
1771
3218
212
390

1972 to 2006-07
Soybean
Wheat
838
1206
1049
1651
1728
4034
1888
4353
2069
4770
282
441

1999-2006-07
Maize
Wheat
261
365
449$
425$
1953
1642
3175
2289
4588
3029
5580
2480
706
502

$ at present yields are zero. a Dwivedi et al., (2007), b Mahapatra et al., (2007), c Sharma et al., (2005).
-1

Table-5: Effect of INM on productivity of soybean wheat (t ha ) and economics.
Treatment

Soybean

Wheat

Total output cost*

FYM

1.81

3.87

45631

PM

1.90

3.69

46390

IPNS

1.97

4.32

50392

Conventional

1.74

3.98

45617

CD (5%)

NS

0.39

-

*The cost of output was calculated on the basis of price prevailed during that period.
Seven years study on soybean-wheat
at IISS farm also demonstrated that
integration of nutrient (FYM and fertilizer)
sustained the yield at larger level compared to
sole application of either organic or fertilizer (
Rao et. al. 1998).
Similarly, trials conducted at farmers’ field in
Sehore and Bhopal districts for three years
(Table 5) further confirmed that integrated
nutrient management is the best option as far
as productivity and profit of the farmers are
concerned (Singh et. al. 2008).

system. Integration of P with N resulted
-1
increase in yield of maize from 1771 Kg ha
(N alone) to 2209 and wheat from 2932 Kg ha
-1
1
to 4108 Kg ha At Ludhiana.
Addition K and incorporation of FYM further
enhanced the productivity (Table 6). At
Palampur (Alfisols) continuous application N
resulted sharp decline in yield with time and at
present there was zero yields in this particular
plot. However integration of PK along with
FYM/lime sustained the productivity of the
system over last 36 years. (Table 4)

c. Maize-Wheat: Maize-wheat is another
important cropping system of North-West
India. The yield data of 36 years old maizewheat cropping system at Ludhiana and 10
years old experiment at Udaipur and Delhi
indicated that integration of P and K with N
enhanced the productivity of the cropping
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Table 6 Effect of integrated nutrient management on average productivity (kg/ha-1) maizewheat system and LTFE.
Treatments
Crop

Ludhiana

New Delhi

Udaipur

1972 to 2006-07

1995-96 to 2006-07

1997-98-2006-07

Maize

Wheat

Maize

Wheat

Maize

Wheat

Control

783

1141

1182

2403

2000

1941

100 % N

1771

2932

1577

3564

2550

3206

100 % NP

2209

4108

1793

3785

2897

3683

100 % NPK

2927

4739

2151

4514

3064

3909

NPK + FYM

3601

4949

2551

4959

3390

4357

CD 5%
244
266
d. Finger millet-maize: Finger millet-maize
covers large area in southern India. The yield
data of both finger millet and maize indicate
that integration of all the three major nutrients
(NPK) always had the larger productivity
compared to application of N and NP.
Integration of FYM with NPK further boosted
the productivity of the system (Table 7).
e. Rice-rice: Rice-rice is quite common in
some parts of southern and eastern states of
the country. The 10 year average yield data
(Table 7) indicated that integrated nutrient
management is the only option to sustain
productivity of rice-rice Alfisols of Pattambi
(Kerala). At Pattambi green manure and
liming are essential components of INM for
sustaining the productivity at higher level.
Thus, data generated under long-term
experiment and in other studies clearly
demonstrated
that
integrated
nutrient
management is the only option to sustain the
productivity at higher level. Application of FYM

192
286
223
242
ensures the sustainability at higher level by
taking care of the hidden hunger of micro and
secondary nutrients which other wise could
have been limiting factor in sustaining the
productivity and NUE. Applications of FYM in
addition to supply of nutrient also act as
conditioner for physical condition of soil like
infiltration and bulk density which improves
aeration and water movement in soil required
for better root and plant growth. In Alfisols of
Ranchi, Bangalore and Palampur application
N alone had adverse effect on productivity.
The reason for decline in productivity in
Alfisols is due to non availability of P and K
due reduction in soil pH on application of N
alone. Whereas at Jabalpur P and K were not
limiting nutrient for quite some which made
possible to sustain the yield. However,
application of P along with N and K along with
NP had + ve effect on productivity of ricewheat, soybean-wheat and maize-wheat
system.

-1
Table-7: Effect of integrated nutrient management on average productivity (kg ha ) of fingermillet and rice-rice system under LTFE

Treatments

Crop

Bangalore

Coimbatore

Pattambi

1987-2007

1971-2007

1998-2007

F. Millet

Maize

F. Millet

Maize

Rice

Rice

Control

582

284

1094

917

1532

2120

100 % N

740

387

1346

1179

2120

3053

100 % NP

948

644

2976

3079

1997

2902

100 % NPK

4241

2172

3063

3211

2210

3020

NPK + GM

-

-

-

-

3162

3629

NPK + Lime

4762

2597

3537

3767

2634

3536

CD 5%

126

566

400

316

447

351

*Sudhir et al., (2004)
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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4

Impact on Soil pH

source of nitrogen resulted decline in pH
which had adverse effect on productivity of
crops. Continuous use of urea alone and
resulted decline in soil pH but the effect of
fertilizer is more serious in Alfisols because of
poor buffering capacity (Table 8)

Soil pH is an important intrinsic
property of soil which usually does not change
easily. However, long term use of fertilizer
indicated that continuous use of nitrogenous
fertilizer or use of ammonium sulphate as a
Table-8: Effect of nutrient management on soil pH at Palampur and Ranchi
Treatment
Initial
100% N
100% NP
100% NPK
100% NPK + FYM
100% NPK+ lime

Ranchi
5.5
4.4
4.8
4.6
4.7
5.7

Alfisols
Palampur
5.8
4.4
5.0
5.1
5.2
6.4

Vertisols
Jabalpur
Akola
7.6
8.1
7.6
7.8
7.5
7.8
7.4
7.8
7.4
7.8
-

Table-9: Nitrogen use efficiency in different crops as affected by balanced and imbalanced
use of nutrient in long-term fertilizer experiment
Soil Type

Location

Crop

Inceptisol
Alfisol
Mollisol

Ludhiana
Palampur
Pantnagar

Maize
Maize
Rice

Inceptisol
Alfisol
Mollisol

Ludhiana
Palampur
Pantnagar

Wheat
Wheat
Wheat

100% N
16.7
6.4
37.5
32.0
1.9
42.4

Mean nitrogen use efficiency, %
100% NP
100% NPK 100% NPK+FYM
23.5
36.4
40.2
34.7
52.6
63.7
40.7
44.4
61.7
50.6
35.6
46.1

63.1
50.6
48.4

67.8
72.6
47.9

Table -10: Phosphorus and K use efficiency as affected by integrated use of nutrient.
Soil Type

Location

Crop

P use efficiency (%)
100% NP 100% NPK

K use efficiency (%)

100%NPK
+FYM

100%
NPK

100%NPK
+FYM

Ludhiana

Inceptisol

Maize

10.3

21.4

26.3

43.8

58.2

Palampur

Alfisol

Maize

21.8

35.6

51.1

23.0

38.9

Pantnagar

Mollisol

Rice

18.2

23.3

53.0

34.5

108.3

Ludhiana

Inceptisol

Wheat

20.6

30.7

34.8

88.1

112.8

Palampur

Alfisol

Wheat

10.7

15.2

24.6

22.6

66.8

Pantnagar Mollisol
Wheat
11.2
5 Soil health in relation to nutrient
management:
To sustain productivity for long period
of time it is essential to maintain soil health. It
is also our moral responsibility to pass on a
healthy soil to next generation. Sometimes
misuse of nutrient may lead to deterioration of
soil. Therefore to avoid such situation nutrient
management may become important.
5.1 Soil Organic Carbon
Data depicted in Table 11 on soil
organic carbon (SOC) revealed that
continuous balanced nutrients application
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

10.4
23.3
13.7
35.8
maintained SOC whereas incorporation of
FYM resulted in build-up in SOC in Alfisols of
Bangalore and Palampur. At Ranchi, only
NPK+FYM could maintain SOC whereas in all
other treatments decline in SOC is recorded.
Thus, results indicate that under high rainfall
incorporation of FYM is essential to sustain
soil productivity.
Organic carbon data in Inceptisol of
Ludhiana and Vertisol of Jabalpur and Alfisol
of Bangalore revealed that balanced
application of fertilizer maintained the soil
organic carbon and the yields (Table 4 & 5)
are also sustained.
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Table-11: Soil organic status in long term
fertilizer experiments
Locations

Initial

NP

NPK

NPK+FYM

Ludhiana

2.2

3.3

3.6

5.2

New Delhi

4.4

3.9

4.4

5.5

Udaipur

6.9

7.1

7.8

9.9

Jagtial

7.9

1.0

1.0

1.1

Jabalpur

5.7

6.5

7.4

9.6

Akola

4.6

4.9

5.1

6.8

Coimbatore

3.0

6.7

7.0

9.8

Palampur

7.8

9.4

9.7

1.3

Bangalore

4.6

4.7

4.9

5.7

Pantnagar

1.5

8.5

8.7

1.6

Barrackpore

7.0

4.7

4.6

6.8

Ranchi

4.5

3.8

3.9

4.5

Raipur

6.2

6.0

6.1

7.0

5.2 Nutrient status
Perusal of data given in table 12
revealed that the available status of N in all
the soils except at Palampur remained more
or less same. It is because of application of
all the three major nutrients which are
responsible for good yield and thereby
incorporating good amount of organic material
to soil through root biomass. The increase in
available N is because of soybean which adds
nealy 2000 kg C and nearly 30 kg N to soil.
Continuous application of P resulted increase
in P status at all place though differ in
magnitude, may be because of inherent P
fixation capacity of soil and crop requirement.
The build up of P in soil is expected as the
amount of P applied is larger than the uptake.
On contrary to P, significant decline in
available K was observed in all the soil.
Obviously it is due to larger uptake of K than
applied.

Table 12: Available N, P and K status in 100% NPK treatments at various LTFEs centres after
2005-06
Center
Bangalore
Coimbtore
Ludhiana
Delhi
Palampur
Udaipur
Ranchi
Jabalpur
Pantnagar

Cropping
sequence
Finger millet-Maize
Finger millet-Maize
Maize-Wheat
Maize-Wheat
Maize-Wheat
Maize-Wheat
Soybean-Wheat
Soyean-Wheat
Rice-Wheat

N
257
178
100
210
729
245
236
226
392

5.3 Soil physical properties

Initial status
Avail. Status, kg/ha
P
K
N
P
K
34
123
258
86
148
11
810
190
29
584
9
100
107
82
91
16
155
225
25
291
12
194
328
126
164
22
671
255
23
647
12
158
351
77
137
8
370
240
29
278
18
125
229
18
129
condition. The results indicated that in general
balanced application of nutrient (NPK).

The physical condition of soils facilitated to
microbial activity, root proliferation and water
transmission characteristics which help in
regular nutrient supply and plant growth. Bulk
density and mean weight diameters (MWD)
are soil properties which indicate soil

Integrated
nutrient
management
resulted decline in bulk density and increase
in MWD irrespective of soils. However, in
Alfisols imbalance use of nutrient (100% N)
had adverse effect on bulk density and MWD
at Palampur.

Table 13: Effect of nutrient management on soil physical properties
Treatment

Initial
Control
100% N
100% NP
100% NPK
100% NPK+FYM

Palampur (Alfisols)
MWD
B.D.
(mm)
(Mg m-3)
1.31
1.32
1.33
1.36
0.89
1.22
1.57
1.17
1.68
1.13
2.70

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Jabalpur
B.D.
MWD
(Mg m-3)
(mm)
1.30
0.92
1.30
0.93
1.29
1.04
1.28
1.05
1.25
1.18

Ludhiala (Inceptisols)
B.D.
MWD
(Mg m-3)
(mm)
1.59
0.31
1.54
0.34
1.53
0.38
1.53
0.41
1.49
0.52
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5.4 Microbial soil properties
In soil nutrients are mediated through
soil organisms and their activity is assessed
by soil microbial biomass (SMBC) and
dehydrogenase activity (DHA) in soil. The
data presented in table indicates in general

application of nutrient resulted increase in
SMBC and DHA but more pronounced under
balanced and integrated management of
nutrient irrespective of soil compared to
control. However, in Alfisols imbalanced use
of nutrient had adverse effect on soil microbial
biomass carbon and DHA.

Table 14: Nutrient management and microbial properties of soil at different LTFEs
Treatment
Control
100% N
100% NP
100% NPK
100% NPK+ FYM

Palampur
-1
MBC (kg/g) DHA (ugTFFg )
276
18
163
12
188
26
828
35
980
38

6 Conclusion
Thus from the data generated under
long-term fertilizer experiments it is concluded
that balanced and integrated nutrient
management not only sustained the crop
productivity but also improved the soil
properties. Data also ruled out the notion that
use of chemical fertilizer resulted in distraction
of soil organic carbon. However, imbalanced
use of nutrient under some situation reduced
the SOC. Under balanced and integrated
nutrient management improvement in soil
physical condition and microbial activity was
observed. Thus INM is the only option to
sustain the productivity and improve the soil
health.
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Conservation Agriculture: Biomass Production and Nutrient
Dynamics
Muneshwar Singh
Project Coordinator
All India Coordinated Research Project on Long-Term Fertilizer Experiments
Indian Institute of Soil Science, Bhopal (M.P.)
Presence of plant nutrients, soil
organic matter and soil biota and their
interactions in soil are essential components
related to nutrient transformations and crop
productivity. They provide a basis for
optimizing the use of fertilizer and soil plant
nutrients which has a positive sum effect on
agricultural productivity and the environment.
In soil plant nutrients transformations
processes are mediated by soil microbes.
Conservation Agricultural (CA) systems are
defined by three key elements, namely: no or
minimal
mechanical
soil
distribution,
permanent organic soil cover specially by crop
residues ps and diversified crop rotations in
the case of annual crops or crop associations
in case of perennial crops, including legumes.
These elements in various combinations aim
in establishing and sustaining healthy soil
systems that can offer the best crop and
livestock productivities and environmental
services within the original ecological and
socio-economic condition while optimizing the
use of agrochemicals with biological
interventions which ultimately improved the
soil health.
Soil Health and Conservation Agriculture
For a soil to be productive for
agricultural use, it must have the space for
plant roots to grow, to hold and make water
and nutrient available to plant roots, and
provide conducive biotic and chemical
environment for soil microorganisms to
function to maintain soil porosity, fix
atmospheric nitrogen, hold and mineralize
nutrients. All these dimensions must operate
together and form the basis of soil health as
defined below
“Soil health is the capacity of soil to
function as living systems, within ecosystem
and land use boundaries to sustain plant and
animal productivity, maintain or enhance
water and air quality and promote plant and
animal health. It emphasizes a unique
property of biological systems, since inert
components cannot be sick or healthy”.
Healthy soils maintain a diverse
community of soil organisms that help to
control plant disease insect and weed pests
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

from beneficial symbiotic associations with
plant roots (e.g., nitrogen-fixing bacteria and
mycorthizal fungi); recycle essential plant
nutrient; improve soil structure (e.g. aggregate
stability) with positive repercussions for soil
water and nutrient holding capacity and
ultimately improve crop production.
Conservation Agriculture (CA) does
not focus on a single commodity or species.
Instead, it addresses the complex interactions
of several crops to particular local conditions
capitalizing on the complex systems of
interactions involved when managing soil
systems productivity and sustainability.
Therefore nutrient management practices in
CA systems cannot be reduced to simple
physical input –output model.
Nutrient management strategies in CA
systems would need to attend to the following
four general aspects namely that (i) the
biological processes of the soil to enhance
and protected all the soil biota so that soil
organic matter and soil porosity are built up
and maintained (ii) there is adequate biomass
production and biological nitrogen fixation for
keeping soil energy and nutrient stocks
sufficient to support higher levels of biological
activity (iii) there is an adequate access to all
nutrient by plant root in the soil from natural
and synthetic sources to meet crop needs and
(iv) the soil acidity is kept within acceptable
range for all key soil chemical and biological
processes to function effectively.
Nutrient
Application
Production

and

Biomass

To fulfill all the four above conditions it
is essential to produce more biomass.
Minimization in disturbance provides an
opportunity for root growth and loss of
exchange gases released during respiration.
Soil organic carbon improves soil aggregate
which indirectly increase per space.
Therefore, a practice which led to increase
soil organic carbon can be called conservation
agriculture. Long Term fertilizer experiment
clearly demonstrated that if the biological
productivity is more then soil organic carbon is
also more irrespective of cropping system and
soil. Nutrient application at all the four places
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(Jabalpur, Ludhiana, Akola and Bangalore)
resulted increased in productivity which
ultimately improved soil organic (Table 1).

holding capacity of soil (Table 2). Ultimately all
these parameters encourage root growth of
plant. If plants we see above –ground don’t
thrive because soil is in poor condition, then
The polysaccharides secreted due to
probably the life below ground doesn’t thrive
microbial activity results in binding soil
either (= is sick’) for the same reasons
particles together for bigger soil particle
jeopardizing the effectiveness of the mutual
(aggregates). These bigger particles are
interdependence of the above-and belowresponsible for more porosity and water
ground and parts of the soil/plant system.
Table 1: Effect of nutrient application on crop productivity and oil organic carbon in long term
experiment at different locations
Location

Cropping System

Jabalpur

Productivity, Kg ha -1
Control

N

NPK

NPK+FYM

2445

2865

6026

6705

(4.2)

(5.3)

(7.5)

(9.8)

3675

6610

9560

11135

(3.1)

(3.4)

(3.7)

(4.5)

291

3214

6566

8802

93.0)

(4.7)

(4.9)

(3.6)

1481

1104

8413

9019

(5.2)

(4.7)

(5.1)

(5.7)

Soybean –wheat

Vertisols
Ludhiana

Maize-wheat

Inceptisol
Akola

Sorghum-wheat

Vertisol
Bangalore

F. Millet-maize

Alfisol
Fig. in parenthesis organic carbon (g kg-1)

Table 2: Effect of nutrient management on mean weight diameter water holding capacity
Treatment

Pantnagar (Mollisols)

Akola (Vertisol)

Ranchi

WHC (%)

MWD
(mm)

Porosity
(%)

MWD (mm)

Plant available
water

Control

36.4

0.47

41.0

57.9

8.3

100% N

40.9

0.50

45.7

60.9

8.6

100% NPK

44.1

0.52

47.6

62.6

10.1

100% NPK+FYM

47.1

0.93

50.2

68.7

9.6

CD (<5%)

2.5

0.24

3.5

0.80

1.2

Nutrient
process

Management

and

biological

Among the nutrients N is key elements in
most of soil to decide the level of productivity.
One of the aims of CA is to have legume in
system and to maximize the nitrogen fixation
to reduce the pressure on chemical fertilizer
and at the same time protect the environment
by maintaining ecological balance. Studies on
nitrogen fixation by legume (soybean)
revealed that to enhance N fixation proper
nutrition is essential. In 33 years old soybean-

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

wheat system, estimations of N fixation
indicated maximum biological N fixation by
soybean and largest net gain in soil N was
noted to be on application of nutrient in
integrated way. Application of N though
increased the total N fixation but gain of N in
soil is less compared to control. However,
balanced and integrated use of nutrient not
only led to more biological N fixation but also
added more biologically fixed N to soil which
ultimately will reduce the N requirement of
subsequent crop (Table 3).
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Table 3: Mean Annual input output of N (kg ha-1) in soil due to soybean and fixed N accredited
to soil by soybean under different nutrient management options
Treatment

Total
annual N
uptake

Fixed N in
above ground
biomass

N derived from
soil in
aboveground
biomass

Biological fixed
N added to soil
added to soil

Net N
balance gain
by soil

A

B

C=(A-B)

D

E=(D-C)

Control

65.1

62.8

2.3

42.0

39.7

100% N

87.7

73.1

14.6

43.9

29.3

100% NPK

150.4

128.8

21.5

87.5

66.2

100%NPK+ FYM

185.9

161.1

23.8

90.3

66.5

100% NPK+ZN

149.3

123.3

26.0

86.0

60.0

100% NPK(-S)

131.0

93.9

37.1

61.3

24.2

9.2

8.7

5.4

7.8

4.8

LSD p < 0.05
Singh et., al 2012

The difference between total soil N at
rd
the initial and at the harvest of 33 crop of
soybean; B values derived from (table 3);
Ndfa values of each treatment and total N
added to soil through residue of soybean (e.g.
In control total N added through residual
biomass is 43.48 X 0.966 % Ndfa = 42.0)

external nitrogen needs to be added to the
system. In the transition phase (5-10 years)
decrease in soil density is observed. The
amounts of crop residual as well as carbon
and phosphorus contents start to increase. In
the consolidation phase (10-20 years) higher
amounts of crop residues as well as higher
carbon content are achieved, a higher cat ion
exchange capacity and water holding capacity
is measured. Greater amount of nutrient
cycling is observed. It is only in the
maintenance phase (20 years) that the ideal
situation with the maximum benefits for the
soil is achieved and less fertilizer is needed.

Tillage and CA
Farmer’s and research experiences
have demonstrated benefits of a CA system
only under long term. Research in Canada
has shown that after 20 years of continuous
no-till with full stubble retention, higher yields
can be obtained compared with a short term
(2 years) no till system. Increase in soil
organic matter content is assumed to be
responsible for these benefits (Derpsh 2007a).
The evolution of a long-term CA system is
described by Sa (2004) and is quoted by
Derspsch 2007 a as follows.

Effect of tillage and residue management on
productivity of wheat given in table 3.1 and 4
indicated that conventional tillage (CT)
produced more grain compared to zero tillage
in Himachal Pradesh and Punjab when straw
was incorporated into soil. In contrary to this
zero tillage was found to be more effective as
far wheat yield is concerned when straw was
burned in the field. Through the difference in
yield is not statistically significant.

In the initial phase (0-5) years) the soil
starts rebuilding aggregates and measurable
changes in the carbon content of the soil are
not expected. Crop residues are low in N and

-1

Table 3.1: Effect of straw management and tillage system and N fertilizer on grain yield (tha )
of wheat Himanchal Pradesh
Treatment

N rate kg ha

-1

0

90

120

150

Mean

Straw Incorporated CT

2.48

4.33

4.73

5.03

4.14

Straw Incorporated ZT

2.68

3.94

4.30

4.54

3.87

Straw burned CT

2.40

4.34

4.80

4.84

4.11

Straw burned ZT

3.58

4.30

4.67

4.84

4.40

Mean

2.79

4.23

4.67

4.84

LSD. Main 0.24, Sub 0.24, Main X Sub 0.48
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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Table 4: Effect of straw management and
tillage system on yield (ha-1) of
wheat (Punjab)
Treatment
Straw Incorporated (CT)
Straw Incorporated (ZT)
Straw burned (CT)
Straw burned (ZT)
LSD (5%)

These substances also contribute markedly to
the soils capacity to capture and retain
nutrient ions on organic complexes.
Residue incorporation and yield

Grain yield ha-1
2005-06
2006-07
6.76
6.55
7.0
6.35
6.59
6.25
6.61
6.26
NS
NS

Residue incorporation is one of the
prerequisite of CA. Large data is available as
far as residue incorporation and yields are
concerned. On perusal of yield data presented
in table 5 and 6, revealed that there has been
very little improvement in yield in some cases
depending upon the amount of N applied and
the gap between residue incorporation and
sowing of crop. In some of the studies rather
decline in productivity was also noted.
Yadvendra et al., (2005) after reviewing the
subject concluded that incorporation of
residue is beneficial only when sufficient time
is available in sowing of next crop after
incorporation of residues (Table 5 and 6).
Otherwise incorporation of residue reduces
the availability of N which ultimately had
adverse effect on productivity. In intensive
agriculture incorporation residue is not
beneficial because of non availability if time in
between incorporation of residue and sowing
of next crop. However, long term incorporation
help in enhancing productivity and soil health.

Net loss of organic matter is caused
by tillage of the soil, which results in
accelerated oxidation of the carbon in the form
of carbon dioxide gas and loss to the
atmosphere.
Following
such
damages
appropriate soil porosity is regained and
maintained
chiefly
through
biotic
transformation of the non-living fraction of
organic matter by its living fraction-soilinhabiting fauna and flora from micro–
organisms such as bacteria to macroorganisms such as worms, termites and
plants. Their metabolic activity contributes
glue like substances fungal hyphae etc. to the
formation of irregular aggregates of soil
particles within and between pore spaces in
which water, oxygen and carbon dioxide flow
and roots grow.

Table 5: Effect of residue incorporation on grain yield of rice –rice system.
Soil type

Continuously flooded
Sandy loam
N 100% kg ha-1
pH 5.5
intermittently flooded

Amount of rice straw incorporated
(t ha–1) 6 weeks before
transplanting
4
4

Rice grain yield (t ha–1)
Rice residue Rice residue Crop
removed
incorporated
3.04
3.18
Rice
6.15
6.64
Rice

4
4
4
4

2.90
2.75
6.12
2.45

2.1
2.9
6.25
2.45

Vamadevan et al 1975
Table 6: Effect of residue incorporation on grain yield of upland crop and residual effect on following
rice
Place

Grain yield (t ha-1)
Rice residue
Rice residue
burned
removed

Amount of rice
residue incorporated
–1
t ha )

residue
incorporated

Himachal Pradesh,
incorporated

5

2.6

2.6

2.1

Chopped incorporated

5

3.7
2.2
4.0
6.83
4.9
6.19
4.1
3.1
3.6

3.6
2.2
-

3.7
2.2
3.7
7.1
5.17
6.34 (R)
3.7
3.5
4.1

Haryana*
Punjab (7 years)
New Delhi $
New Delhi

3.9
3.5
7.1-7.9
6
6
6.

4.3
3.3
3.7

Crop

Wheat (3
crops)
Rice
Wheat
Wheat
Rice
Wheat
Rice
Wheat
Rice

*Sharma et al. 1985 and Verma & Bhagat 1992 Prasa et al.,1999 Yadvendra, $ Singh et al., 2005
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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CA and Nutrient Dynamics

and incorporation but the differences are not
statistically significant. (Table 7, 8 & 9).
Continuous no tillage system maintained
relatively lager amount of both carbon and
nitrogen in soil over conventional and
cultivated system (Table 11). Data further
indicated that no tillage maintain higher
mineralization rate of carbon and N.
Incorporation of straw couple with urea and
FYM maintained higher amount of N and P as
well ( Table 10) compared to fertilizer alone
and burning of straw. Incorporation of straw
coupled with NPK resulted in increase in more
release of nitrous oxides and carbon dioxides
which are green house gasses and may have
adverse effect on climate (Table 14). So a
balance between residue incorporation and
fertilizer application is to be kept in mind while
adopting CA.

In soil nutrients transformations are
largely affected due soil organic carbon and
pore space. Among nutrients carbon and N
dynamics are found to be more dynamic as
transformation of the nutrients is depended on
residue management and soil organic carbon.
Incorporation of straw with conservation tillage
resulted in more recovery of N compared to
zero tillage. However, reverse was noted
when straw was burned in the field. A similar
trend was noted on efficiency of N means zero
tillage produced more grain per kg of N when
straw was burned. 15N studies conducted to
study recovery of nitrogen in soil and plant
under three different residue management
systems revealed that incorporation of residue
resulted little larger recovery of N in both in
soil and plant compared to residue burned

Table 7: Effect of straw management and tillage system on recovery and agronomy efficiency
of applied N in wheat.
Treatment

Recovery efficiency in N (%)
2005-06

2006-07

Agronomy Efficiency

Straw Incorporated (CT)

47.3

56.4

15.0

20.7

Straw Incorporated (ZT)

33.0

43.7

12.0

17.1

Straw burned (CT)

44.4

56.8

14.7

17.3

Straw burned (ZT)

48.0

49.2

17.9

19.2

LSD

3.87

4.82

1.92

1.8

Mean

Table 8: Recovery of 15N labeled urea in soil by depth at harvest
Soil depth (cm)

Recovery of (% of applied

15

N)

No residue

Burned residue

Residue

CD (<5%)

0-5

41.8

40.8

46.37

NS

5-10

3.08

3.87

3.92

NS

10-20

6.12

4.99

2.75

NS

Total

51.0

49.7

53.0

Table 9: Balance of 15 N labeled fertilizer in soil plant system of harvest.
15

Treatment

N recovered (%) of applied)

Grain

Straw

Roots

Soil

No residue

10.68 a

11.1 a

0.21

51.0 a

Burned Residue

9.37 a

7.5 a

0.21

49.7 a

Residue

8.92 a

8.7a

0.21

53.0 a

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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Table 10: Effect of rice straw amendment on nutrient status in soil.
Treatment

Org. Carbon %

KMnO4 N

Olsen P (kg
ha−1)

NH4OAc K

kg ha−1
NPK
NPK+ Straw
NPK+ Straw+ urea
NPK+ Straw+ FYM
NPK+ Straw burned

0.47
0.56
0.59
0.68
0.50

233a
243
265
250
240

18.8 a
18.7 a
18.8 a
18.7 a
17.6 b

342 c
385 a
377 ab
422 a
322 b

Table 11: Carbon and N mineralization of intact and crushed micro and macro aggregates
Land use

Organic Carbon
(%)

Organic N(%)

Mineralization rate mg/ha 1
hr
C

N

Native

2.35

0.22

1.04

1.38

Cultivated

1.82

0.19

1.19

1.41

No tillage

2.46

0.21

1.3

1.4

1.35

0.12
1.17
1.21
tillage (ZT) and residue incorporation not only
conserved more carbon in soil but also
maintained higher concentration of K in soil
compared to conventional tillage (CT).
Incorporated straw and for that matter
any organic materials resulted increase in
available content of K in soil (Table 10).
However, in short term study incorporation of
straw may reduce availability of K in soil due
to immobilization. Data further indicated that
on burning of straw increase in concentration
of NH4OAc -K which is due to conversion of
residue K into inorganic K after burning (Table
12)
Concluding Remark

Conventional tillage
P Dynamics

Phosphorus is next important nutrient
and its dynamism in soil is again dependent
soil organic carbon and P solublising soil
microbes. The concentration of Olsen P under
zero tillage (ZT) was found to be more
compared to conventional (CT) but again
difference is very little may be because of
short period. It is interesting to note the
burning of residue resulted sequestration of
more carbon in soil. Probably the carbon left
after burning is in the form of bio-char which is
resistant to oxidation.
Studies on P
transformation under different wheat residue
management in soybean wheat systems
revealed that incorporation and retention of
wheat residue resulted increase in labile P
fractions in soil (Table 2). The study also
indicated that initial P immobilization due to
residue incorporation is noted which could be
offset by addition of farmyard manure.
K dynamics
Potassium requirement of crop is
large and most of the K availability is
dependent on mineral K through equilibrium
among various forms of K in soil.
Since in CA residue is incorporation or
retention is an essential component and
therefore K availability is affected greatly.
Data presented in table 13 revealed that zero

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Residue incorporation is an essential
component of CA which adds amounts of
organic matter in sufficient quantity.
Continuous mineralization of residue maintain
the supply of nutrient to available pools to
provided C:N ratio is maintained by adding
chemical fertilizer and FYM. In contrary to this
in short term immobilization of nutrient
reduces the availability of nutrient. Evidence
shows that in long-term CA system nutrient
requirements are lower may be because of
larger nutrient efficiency and recycling of
nutrient through residue which other wise are
thrown out of the system.
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Table12: Effect of wheat residue management practice on P transformation
Treatment

P Fractions (mg Kg-1)

NaH Co3
PI

Burning
Incorporation
Retention
LSD

15.9
19.1
20.9
0.7

Po

HCl -P

Residual P

18.2
20.6
22.4
1.2

165.2
171.1
166.1
NS

209.1
220.0
221.1
NS

Reddy et., al (2012)
Table 13: Effect of straw management and tillage system on soil nutrient status and c
sequestration
Org C (%)
Straw Incorporated (CT)
Straw Incorporated (ZT)
Straw burned (CT)
Straw burned (ZT)
LSD (5%)

0.35
0.36
0.44
0.48
0.05

Olsen P
-1
mg kg
4.65
4.58
5.48
5.96
0.89

NH40 AC K
-1
mg kg
32.4
33.4
39.0
39.9
-

C sequestration (%
of added carbon )
16.6
25.2
-

Table 14: Effect of rice straw amendment in soil on nitrous Oxide emission and its global
warming potential
Treatment
NPK
NPK+ Straw
NPK+ Straw+ urea
NPK+ Straw+ FYM
NPK+ Straw burnt
References
Derpsch,

N2O emission
(g ha−1)
588 c
646
749
651
601

R.(2007a)
No-tillage
and
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Integrated Pest Management an Eco-friendly Approach for
Sustainable Crop Production
O.P. Veda
Prof. & Head
Department of Entomology
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
The indiscriminate use of hazardous
chemicals has resulted in the biodiversity of
natural enemies, our break of secondary
pests, development of resistance to pesticides
and irreparable damage to soil, water and air.
In chemical control the decline in
natural enemy composition in rice ecosystem
by 3.5 times and in cotton by 12 times clearly
indicates the “ill effects of pesticides”. There
are number of insects whose management
has become a challenge. Some important
insects/diseases causing serious biotic stress
problems of major crops are given below.
Biotic stress problems of major crops :
Crop
Rice

Cotton

Ground
nut
Mustard
Tomato
Soybean

Insect
Green plant hopper
white plant hopper
brown plant hopper
Cotton jassid cotton
white fly gram pod
borer spotted boll
worm pink boll worm
Tobacco caterpillar
Aphids
Serpentine leaf minor
Girdle beetle

Cruciferus

Diamond back moth

Arhar
Gram
Chilies

Gram pod borer
Gram pod borer
Aphids, jassids, thrips

Singhara

Disease
Bacterial
&
sheath blight
Bacterial
blight leaf curl
wilt
Tikka disease
Powdery
mildew
Leaf curl
Yellow vein
mosaic
Powdery
mildew
Wilt
Wilt
Churda
murda (Leaf
curl )

Singhara beetle &
blood worm

Considering the harmful effects of the
indiscriminate use of chemical pesticides
integrated pest management, a more feasible
and economic method of pest management
has become more popular which means
adoption of cultural, mechanical, biological
and chemical methods.
(A) Cultural methods
Cultural methods are the cultural
practices associated with crop production to

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

make the environment less favourable for
survival, growth or reproduction of pest
species.
1. Ploughing
This exposes “Soil inhabiting fauna” to
adverse weather conditions and natural
enemies.
Examples:
(i) Egg clusters of grass hoppers
(ii) Resting stage of girdle beetle
(iii) Pupae of hairy cater pillar, gram pos
borer
Tobacco cater pillar and
defoliators
(iv) Rhizomes & bulbs of weeds.
2. Time of planting
One of the effective methods to
minimize the pest damage by adjusting
“Sowing time” so that the most susceptible
growth stage of crop avoids. Peak periods of
abundance of pest.
Examples:
th
Cotton crop sown up to 20 June in
Nimar valley zone of M.P. escapes from the
attack of cotton jassid.

3. Crop rotation
Continuous cropping encourages
carryover of pest population from one planting
season to another. Crop rotation or Roto
cultivation is helpful in managing pest
population particularly of monophagus crops.
Examples:
(i)
(ii)

Sugarcane followed by rice reduces
white grub population.
Potato followed by sugarcane reduces
incidence of black cut worm.

4. Thinning & Topping
Cultural practices like thinning and
a topping greatly alter the population of insect
pests if timed properly reduce damage to crop
and subsequent crops grown in the area.
Topping in cotton crop removes the
bulk of eggs laid by H. armigera
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5. Clipping of affected leaves & twigs

10.

Use of non host as inter crop:

Harbouring scale insects i.e. Psylla,
aphids, white flies, leaf minor & citrus stem
borers on mango and guava can be managed
by timely pruning and destruction of affected
braches. Examples : Clipping of affected twigs
by spotted boll worm reduces the attack in
okra and cotton.
6. Picking of leaves containing “egg
masses & young larvae

Crops grown as inter crop are less
prone to out breaks of pests then crops grown
monoculture/sole crop: Use of inter cropping
in IPM system. With the progressive reuse in
insecticidal use.

Picking of leaves containing “egg
masses & young larvae reduces the attack

Sugarcane

Maize

Leaf hopper
shoot borer

Ground
nut

Cowpea,
Bajara

Red hairy caterpillar
leaf minor

Cotton

Arhar/Jowar

Gram pod borer

Arhar

Maize/Jowar

Gram pod borer

Examples:
(i)

Removal of infested shoots & fruits of
Bhindi reduces the population of
spotted boll worm.

Fruitfly in many fruits reduces the
overall pest population.
7. Pruning, defoliation and destruction
crop refuse.
The pruning of infested parts of fruits
and forest trees and defoliation of certain
crops helps to reduce the pest population.

Examples:
Main crop

Inter crop

Insect pests to be
controlled
top

(ii)

Examples:
(i)
Pruning “Malformed inflorances” in
mango with 30 cm healthy portion
decreased malformation in subsequent
year.
(ii)

Pruning & destruction of affected
branches by bark eating caterpillar in
mango & other fruit trees reduces the
attack in subsequent years.
8. Sanitation
Destruction of crop residues and other
host plants and chopping of stem harboring
dip using larcae could be very effective in
reducing pest population.
9.
Use of resistant varieties
The use of resistant varieties is the most
valuable and practical tool for minimizing pest
attack as it is computable with cultural and
other methods of pest control important
resistant varieties are as follows.
Crop
Rice

Ground
nut
Soybean
Chilli

Insect
Gall midge

Brown
plant
hopper
Tobacco
caterpillar
Stemfly
Aphids, Jassids
& white fly

Disease
Mahamaya,
Danteshwari
Bamleslhwari, Indira
Sugahdhet Dhani, Indira
Sona,
Samleswari,
Chandrahasini
NCA 17840 & EC 21898
PK 625
Pusa Jwala, NP- 46

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

11. Use of trap crops
Suitable host is grown to attract insect
pests to protect target host from attack he pest
is unable to reach the main crop or get
concentrated on trap crop. Where it can be
controlled easily. It is generally grown on
border or as in rows in between.
Examples:
Main crop

Trap crop

Tobacco
Cotton

Castor
Bhindi

Soybean

Sunnhemp
(Crotalaria
juncea)

12.

Insect pests to be
controlled
Tobacco caterpillar
Cotton boll worm
spotted boll worm
Red hairy caterpillar

Water management

Manipulation of soil moisture with the
help of controlled irrigation may influence crop
damage by insects through its effect on plant
vigour & growth.
Examples:
(a)

Soil inhabiting insects such as
cutworms, white grubs are annihilated
due to lack by
aeration with the
application of irrigations.

(b)

Infestation of aphids Lipaphis erysimi is
higher on rainfed than irrigated mustard
crop 47 days after sowing

(c)

Over moist soil attracts “cutworms &
slugs” etc.

(d)

Water strees management has been
employed for the management of white
fly.
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13.

Fertilizer management

Use of fertilizer enhance plant nutrition
which in turn affect he “Susceptibility of the
crop” to the insects.
Examples:
(a)

Excessive use of “N” fertilizer attracts
the sucking pests like aphids, jassids,
white flies etc. in most of the crops.

(b)

A low potassium “P” supply favours the
development of insects where as
optimum & high “K” has depressant or
natural effects.

(c)

The
application
of
“Biofertilizers
Agospirillum sp. Make plants more
hardy to pest & diseases.

(B) PHYSICAL AND MECHANICAL
CONTROL
Physical measures are important in
eliminating or preventing the attacks of insects
pests. It involves manipulations or changes in
temperature and humidity, whether high or low
are effective barriers in natural spread &
management of insects.
In mechanical methods insects are
managed directly by manual operation or by
mechanical devices. It includes hand picking
distraction , exclusion by screen/ barriers, use
of traps (light traps, pheromone traps, sticky
traps) mechanical dislodging & green heaping,
bird perches.
Examples:
(a) Hand picking and destruction:
Egg masses, larval and pupal
stages of slugs, snails, cutworm, red hairy
caterpillars, bihar hairy caterpillar black cut
worm are collected regularly & destroyed.
(b) Exclusion by screen/barriers
This is very effective method in preventing
insect attack.
(i) Netting………….Prevents damage by
rice gundi bug, gross hopper and
pumpking beetle.
(ii) Coveting by bamboo prevents the
attack of fruit sucking moths basket.
(iii) Puttting thorny shrubs………..prevents
rat damage on the top of mushroom.
(iv) Digging of pits around the fieldsprevents the marching of larvae of army
worm & red hairy caterpillar from one
field another.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Mechanical dislodging of rice leaf
folder, case worm, gram pod borer, by
passing rope on the crop have drastically
reduces the attack.
Use of bird perchers are also effective
in managing the population of gram pod borer,
army worm, semiloopers grass hoppers etc.
number of birds have been satisfied as insect
feeding birds.
Examples:
White eye bird (Babuna); white
brested king fisher (Kodila); Ashywren warbler
(Fudki); Erget (Bagula) small green bee eater
(chota patranga) light traps and pheromone
traps can be used in monitoring & managing
the insect population. Pheromones are also
used for mating disruption.
BIOLOGICAL METHOD
Biological
method
includes
introduction, encouragement and artificial
increases redaceous & parasitic insects other
animals & diseases to control injurious
insects.
Examples:
Use of predatory insects
Crop

Insect

Predators

Cotton

Bollworms

Chrysopa (Son pankhi)

Ground
nut

Aphids

Lady bird beetle and
syrphidfly

Cowpea

Aphids

Lady bird beetle and
syrphidfly

Use of parasitic insects
Promising agents are given below
Crop
Insect
Sugarcane Borers

Predators
Trichogram
ma chilonis

Rice

Borers

Trichogram
ma chilonis

Tomato

Borers

Trichogram
ma chilonis

Cotton

Boll
worms

Trichogram
ma chilonis

Dose/ha
50,000
(8-10
release)
50,000
(8-10
release)
50,000
(6
release)
1,50,000
(7-10
release)

In addition to this different animals,
birds (crow Lizzards, Maina, Lizzards, Girgittc
and bacteria, fungi, protozoa, nematodes play
a pivitol role in suppressing the pest opulation
of various insects.
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(D) CHEMICAL METHODS
Chemical methods are most common
method of pest management. Since 1940
pesticides (DDT, Aldrin, Endrin, BHC,
Lindane, Toxaphane ect.) have been used
indiscriminately. However pesticides are
“Biocides” that is designed to kil the life, hence
their audacious use in advocated which
includes.
(a)
Avoiding prophylactic sprays
(b)

Adopting strip treatments

(c)

Spot application

(d)

Applying to soil to avoid direct contact
with natural enemies.

Green manuring with
Dhaincha
Seed treatment
(carbendazim @ 2.0 g/kg
seed)
Release of parasitoid T.
Japanicum @ 1.5 lakh/ha
Need based application of
insecticides, fungicides
(spot application)
Fertilizer dose kg/ha
N
P K ZnSo4
100 60 40
25
With judicious irrigation
Planting 2-3 seedlings/hill
Drain of excess standing
water

(e)

Using selective or non persistent
pesticides.
Selective insecticides

N P K ZnSo4
120 40 40
25
One seedling/hall
No
draining
of
excess water

Following insecticides have been selected
Group of
insecticides
Organo
phosphates

-

Insecticides

Safe to natural
enemies (Nos.
of species)
Phosolone
29
Monocrotophos
12
Metasystox
11
Nuvan
10
Carbary1
8
(sevin)

Pest and disease problems was low
IPM practices encouraged large
number
of
predators
(spiders,
predatory beetles) & parasite.

Expected benefits of IPM
1. Lower “Production cost” at farm level
2. Saving of Govt.’s import & subsidies.
3. Improvement in water & soil health.
4. Ecological sustainability by conserving
natural enemies, bio-diversity & genetic
diversity.

A “genuine change of heart” is
required so that pesticides which have been
panned in advanced countries, because of
their harmful effects are banned in India. Their
“indiscriminate use” must be stopped.

5. Development of “Self reliance” in rural
community.

Botanical pesticides are also very
important. About 1005 plants having
insecticidal properties, 384, antifeedants, 297
repellants, 27 attractant & 31 plants species
have been identified so for.
VALIDATION OF IPM, MODULE
Location

:

Distt.
Season
Area

:
:
:

Shikopur

Bagpat (U.P.)
3 yrs (2000, 2001, 2002)
2000 (120 ha); 2001 (160 ha)
and 2002 (120 ha)
Crop
:
Rice (Pusa Basmati)
Grain yield and economics
Variables

Total cost (al inputs)
Mean yield q/ha

IPM

Farmers practice

2000

2001

2002

2000

2001

2002

17781.54

17733.00

24469.00

20558.52

20980.00

27723.00

58.40

57.40

51.60

48.21

45.60

43.50

Total return

56965.00

55965.00

54138.00

47005.00

44460.00

45675.00

Net return

38807.46

38232.00

29669.00

26451.48

23480.00

17952.00

1:2,28

1:2,21

1:1.64

Group of insecticides
1:3, 18

C.B. ratio

Insecticides
1:2,21

1:3,16

Note: Paddy was sold @ Rs. 975, 975, 1050 q/ha during 2000,2001,2002 respectively.
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Seed Priming
N.G. Mitra1, R.K. Thakur2 and B.S. Dwivedi3
1

Principal Scientist 2Researsh Associale
Department of Soil Science & Agricultural Chemistry
3
Scientist Department of Agronomy
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
I. What’s Seed Priming?
Priming could be defined as
controlling the hydration level within seeds so
that the metabolic activity necessary for
germination can occur but radicle emergence
is prevented. Different physiological activities
within the seed occur at different moisture
levels. The last physiological activity in the
germination process is radicle emergence.
The initiation of radicle emergence requires a
high seed water content. By limiting seed
water content, all the metabolic steps
necessary for germination can occur without
the irreversible act of radicle emergence. Prior
to radicle emergence, the seed is considered
desiccation tolerant, thus the primed seed
moisture content can be decreased by drying.
After drying, primed seeds can be stored untill
time of sowing.
Different priming methods have been
reported to be used commercially. Among
them, liquid or osmotic priming and solid
matrix priming appear to have the greatest
acceptance. However, the actual techniques
and procedures commercially used in seed
priming are proprietary.
Primed seeds are just like the prefabricated house, seed germination in the field
takes less time, because part of the
germination process is already complete.

cold or hot soils. There may be little or no
differences between primed and non primed
seed if the field conditions are closer to ideal.
Some growers use seed priming during the
earlier plantings in cold soil, and not later in
the season when conditions are warmer.
Better seedling establishment under
less than optimal conditions can be achieved.
Priming alone does not improve percent
useable plants; removal of weak, dead seeds
is also needed.
III. The subcellular basis of seed priming
Seed priming is a technique which
involves uptake of water by the seed followed
by drying to initiate the early events of
germination up to the point of radicle
emergence. Its benefits include rapid, uniform
and increased germination, improved seedling
vigour and growth under a broad range of
environments resulting in better stand
establishment and alleviation of phytochromeinduced dormancy in some crops. The
common feature in these priming techniques
is that they all involve controlled uptake of
water. The metabolic processes associated
with priming are slightly different, with respect
to their dynamics from those which occur
during germination, where the water uptake is
not controlled. Also, the salts used during
priming elicit specific subcellular responses.
i. Stages of water uptake during
germination where priming is relevant

Germination of tomato seeds
II. Why Prime Seed ?
Primed seed usually emerges from
the soil faster, and more uniformly than non
primed seed of the same seed lot. These
differences are greatest under adverse
environmental conditions in the field, such as
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

When a dry seed is kept in water, the
uptake of water occurs in three stages. Stage
I is imbibition where there is a rapid initial
water uptake due to the seed’s low water
potential. During this phase, proteins are
synthesized using existing mRNA and DNA,
and mitochondria are repaired. In stage II,
there is a slow increase in seed water content,
but physiological activities associated with
germination are initiated, including synthesis
of proteins by translation of new mRNAs and
synthesis of new mitochondria. There is a
rapid uptake of water in stage III where the
process of germination is completed
culminating in radicle emergence.
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Stages I and II are the foundations of
successful seed priming where the seed is
brought to a seed moisture content that is just
short of radicle protrusion. The pattern of
water uptake during priming is similar to that
during germination but the rate of uptake is
slower and controlled.
ii. Synthesis of proteins and enzymes
during priming
A proteome analysis of seed
germination during priming in the model plant
Arabidopsis
thaliana
by
MALDI-TOF
spectrometry identified those proteins which
appear specifically during seed hydropriming
and osmopriming. Among these are the
degradation products of the storage protein
12S-cruciferin-subunits. It has been reported
that the accumulation of the degradation
product of the β-subunit of 11-S globulin
during seed priming by an endoproteolytic
attack on the A-subunit. This suggests that
enzymes involved in mobilization of storage
proteins are either synthesized or activated
during
seed
priming.
Other
reserve
mobilization enzymes such as those for
carbohydrates (α and β amylases) and lipids
mobilization (isocitrate lyase) are also
activated during priming. These results
indicate that priming induces the synthesis
and initiates activation of enzymes catalysing
the breakdown and mobilization of storage
reserves, though most of the nutrient
breakdown and utilization occur postgerminative after the radical emergence.
The proteomic analysis also reveals
that α and β tubulin subunits, which are
involved in the maintenance of the cellular
cytoskeleton and are constituents of
microtubules involved in cell division, are
abundant during priming. Accumulation of βtubulins during priming has been observed in
many species in relation with reactivation of
cell cycle activity and is discussed later.
Another protein detected by the
proteomic analysis, whose abundance
specifically increases during hydropriming is a
catalase isoform. Catalase is a free-radical
scavenging enzyme. It is presumed that
hydropriming initiates an oxidative stress,
which generates reactive oxygen species, and
catalase is synthesized in response to this
stress to minimize cell damage. In addition to
catalase, levels of superoxide dismutase,
another key enzyme quenching free radicals
also increases during priming. Increased
levels of these free radical scavenging
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enzymes due to the oxidative stress during
priming could also protect the cell against
membrane damage due to lipid peroxidation
occurring naturally.
Shinde19 reported synthesis of a 29
kD polypeptide after 2–6 h of priming in cotton
seeds.
The abundance of low molecular
weight heat shock proteins (LMW HSPs) of
17.4 and 17.7 kD specifically increased in
osmoprimed seeds in the MALDI-TOF
spectrometry analysis10,11. LMW HSPs are
reported to have molecular chaperone activity,
these data suggested that LMW HSPs may
act by maintaining the proper folding of other
proteins during osmopriming, preventing
aggregation and binding to damaged proteins
to aid entry into proteolytic pathways. In
osmopriming, seeds are soaked in osmotica,
viz. polyethylene glycol (PEG) and mannitol,
which result in incomplete hydration and an
osmotic stress situation is created. This
explains the abundance of heat shock
proteins, which are known to accumulate in
high amounts during any kind of stress. These
HSPs synthesized during osmopriming in
response to stress could also protect the
proteins damaged by natural ageing. Similarly,
the
enzyme
L-isoaspartyl
protein
methyltransferase, which repairs age-induced
damage to cellular proteins, is reported to
increase in response to priming. Thus, it
appears that one of the ways in which priming
is effective at the subcellular level is by
conferring protection to the cellular proteins
damaged through natural ageing.
iii. Gene expression and synthesis of new
mRNA during priming
I has been reported that priminginduced synthesis of RNA in cotton seeds,
corresponding to the actin gene, following a
reverse transcriptase polymerase chain
reaction (PCR) analysis. Studies on gene
expression in osmoprimed seeds of Brassica
oleracea on a cDNA microarray revealed that
in primed seeds many genes involved in
cellular metabolism are expressed (and
synthesize mRNA) at a level intermediary
between those in dry seeds and germinating
seeds imbibed in water. These genes mostly
code for proteins involved in energy
production
and
chemical
defence
mechanisms. A few genes are expressed to
the same extent in osmoprimed seeds as in
germinating seeds. These include genes for
serine carboxypeptidase (involved in reserve
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protein mobilization and transacylation) and
cytochrome B (involved in the mitochondrial
electron transport).
This
microarray
analysis
in
combination with Northern analysis gives
some idea of transcripts synthesized during
priming.
To obtain direct evidence for
the synthesis
of new mRNA, techniques
which involve detection of premature RNA
species before intron splicing should be
integrated with the other methods.
iv.

Effect of priming
synthesizing machinery

on

protein

Priming improves the integrity of the
ribosomes by enhancing rRNA synthesis. The
microarray gene expression studies in
B. oleracea seeds, reveal that RNA levels
of genes encoding components of the
translation machinery, such as ribosomal
subunits and translation initiation and
elongation
factors,
increase
during
osmopriming. Thus, one of the ways in which
priming enhances protein synthesis is by
improving the functioning of
the protein
synthesis machinery.
v. DNA repair during priming
Maintenance of the integrity of DNA by
repairing the damages incurred naturally is
important for generating error-free template
for transcription and replication with fidelity. It
has been reported that the damage to DNA
which accumulates during the seed ageing is
repaired by aerated hydration treatments as
also during early hours of germination. DNA
3
synthesis measured by the incorporation of H
thymidine in artificially aged seeds of B.
oleracea L. was advanced by this treatment
(compared to that in the untreated aged
seeds) along with an improvement in
germination. This recovery in DNA synthesis
is attributed to pre-replicative repair of DNA
damaged during ageing by the hydration
treatment since treatment with hydroxyurea,
which is an inhibitor of replicative DNA
synthesis does not inhibit the synthesis. The
exact mechanism of this repair is not yet
known and needs to be investigated.
vi.

Association between priming and the
cell cycle

To achieve maximum benefits from
priming, the process is stopped just before the
seed loses desiccation tolerance, i.e. before
the radicle emergence or stage III of water
uptake. Radicle emergence involves cell
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expansion and is facilitated by an increased
turgor pressure in the hydrated seed, whereas
active cell division starts after radical
emergence. So, it is expected that priming
does not exert any major effect on cell division
per se. However, priming advances the cell
cycle up to the stage of mitosis.
Flow
cytometric
analyses
of
osmoprimed tomato seeds reveal that the
improvement of germination associated with
priming is accompanied by increase in 4C
nuclear DNA indicating that priming enhances
DNA replication allowing the advancement of
the cell cycle from G1 to the G2 phase. It has
been confirmed that an increase in the
proportion of nuclear DNA present as 4C DNA
in high vigour cauliflower seeds subjected to
aerated hydration treatment. It has also been
reported as a two-fold increase in total
genomic DNA content in hydro-primed corn
seed.
Immunohistochemical labelling of
DNA with bromodeoxyuridine (BrdU) during
seed osmoconditioning in tomato confirms the
presence of cells in the S-phase of the cell
cycle synthesizing DNA. The actively
replicating DNA is tolerant to drying as
incorporation of BrdU is detected in embryo
nuclei before and after osmoconditioned
seeds are re-dried. Although the frequency of
4C nuclei after the osmoconditioning
treatment is higher than that of untreated
seeds imbibed in water for 24 h, lower
numbers of BrdU-labelled nuclei are detected
in osmoconditioned embryos. This is because
of the fact that though priming enhances DNA
replication to some extent and facilitates the
synchronization of DNA replication in all the
cells of the embryo, DNA replication per se is
lesser during priming under controlled
hydration than during direct imbibition in
water.
Following western analysis it has
been observed that the level of β-tubulin,
which is a cytoskeletal protein and is related
to the formation of cortical microtubules
increases
in
response
to
aerated
hydropriming. It has also been observed that
accumulation of β-tubulin in all tissues of the
tomato seed embryo during osmopriming.
After redrying β-tubulin appeared as granules
or clusters. This is because microtubules are
sensitive to dehydration and are partly
depolymerized after drying. The amount of
soluble β-tubulin detected after re-drying is
relatively high because microtubules are
dynamic structures and exist in an equilibrium
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between soluble tubulin subunits and the
polymerized microtubules. During priming, the
cell cycle is arrested at the G2 phase allowing
the synchronization of cells. Mitotic events
and cell division occur earlier and to a greater
extent in embryos of primed seeds upon
subsequent imbibition in water than in the
control seeds. Thus, the pre-activation of the
cell cycle is one of the mechanisms by which
priming
induces
better
germination
performance relative to untreated seeds. The
regulation of the cell cycle by priming could be
through the regulation of the activity of the cell
cycle proteins such as cyclins, cyclin
dependent protein kinases and proliferatingcell nuclear antigens (PCNA). Imbibition of
maize seed in the presence of benzyladenine
increases the amount of PCNA over control,
which is associated with the acceleration of
the passage of cells from G1 to G2. There is
no information on the effect of priming on the
cell cycle proteins and research needs to be
initiated in this area.
vii. Effect
of
priming
on
metabolism and respiration

energy

It has been observed that imbibition of
tomato seeds in PEG results in sharp
increases in adenosine triphosphate (ATP),
energy charge (EC) and ATP/ADP (adenosine
diphosphate) ratio. These remain higher in
primed seeds even after drying than in
unprimed seeds. During subsequent imbibition
in water, the energy metabolism of the primed
and dried seed is much more than that of the
unprimed seed making the primed seed more
vigorous. The high ATP content of the re-dried
primed seed is maintained for at least 4–6
o
months when stored at 20 C. Maximum
benefit of osmopriming is obtained when
performed in atmospheres containing more
than 10% oxygen. Priming treatment is totally
ineffective in the presence of the respiratory
inhibitor (NaN3) at high concentration,
suggesting that respiration is essential for
priming to be effective. The beneficial effect of
priming is optimal for values higher than 0.75
for EC and 1.7 for the ATP/ADP ratio.
Hydropriming improves the integrity of
the outer membrane of mitochondria after 12
h of imbibition (estimated by the cytochrome C
permeation assay), but there is no
concomitant increase in the ability of the
mitochondria to oxidize substrates. Significant
increase in the number of mitochondria in
response to priming has also been reported in
osmoprimed leek cells, although these have
not been correlated to respiration levels. The
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association between improvement in the
mitochondrial integrity by priming and
mitochondrial performance needs to be
elucidated.
viii. Priming and seed dormancy
Priming also releases seed dormancy
in some crops. In thermosensitive varieties of
lettuce, germination is reduced or completely
o
inhibited at high temperatures such as 35 C.
The embryo in lettuce seed is enclosed within
a two to four cell layer endosperm, whose cell
walls
mainly
comprise
galactomannan
polysaccharides and hence the weakening of
endosperm layer is a prerequisite to radicle
protrusion, particularly at high temperatures.
Endo-β-mannase is the key regulatory
enzyme in endosperm weakening, which
requires ethylene for activation. High
temperatures reduce germination primarily
through their inhibitory effect on ethylene
production by seeds, which in turn reduces
the activity of endo-β-mannase. Osmopriming
of seeds with PEG (–1.2 MPa) at 15oC with
constant light could overcome the inhibitory
effects of high temperature in thermosensitive
lettuce seeds in the absence of exogenous
ethylene supply. Imbibition of seeds of lettuce
in
1-aminocyclopropane-1carboxylic acid (ACC, a precursor of ethylene)
o
improved their germination at 35 C and also
increases the activity of endo-β-mannase.
Osmopriming of lettuce seeds had a similar
effect as imbibitions in ACC, improving both
germination and the activity of endo-βmannase. This suggests that osmopriming is
able to substitute the effect of ACC for
breaking thermodormancy. Osmopriming in
the presence of aminoethoxyvinylglycine
(AVG), an inhibitor of ethylene synthesis (it
inhibits ACC synthase) does not affect the
enhancement
of
germination.
Thus,
osmopriming is able to overcome the
dormancy even when ethylene synthesis is
interrupted. A possible explanation for this is
that osmopriming helps in releasing the
ethylene within the embryonic tissues
encased by the endosperm and seed coat and
this would be sufficient to allow seed
germination. Priming in the presence of silver
thiosulphate (STS), a putative specific inhibitor
of ethylene action, which interacts with the
binding site of ethylene, inhibits germination,
suggesting
that
ethylene
activity
is
indispensable for the release of dormancy.
There are several studies that show an
increased ability for primed seeds to produce
ethylene. However, it is not clear whether
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ethylene production is integral to obtaining a
priming effect in seeds or whether it is simply
the result of high vigour displayed by primed
seeds. In other species also such as tomato,
carrot and cucumber which do not require
ethylene, priming enhances the loosening of
the endosperm/testa region that permits
germination at suboptimal temperatures.
ix. Priming and seed longevity
In general, priming improves the
longevity of low vigour seeds, but reduces that
of high vigour seeds. The high vigour seed is
at a more advanced physiological stage after
priming nearly at stage III, and thus more
prone to deterioration. When a low vigour
seed is primed, it requires more time to repair
the metabolic lesions incurred by the seed
before any advancement in germination can
occur, thus preventing further deterioration.
It has been observed that aerated hydration
treatments improve storage potential of low
vigour seeds and decrease the longevity of
high vigour seeds. The improved longevity of
low vigour seeds is associated with increased
Ki (initial seed viability) after priming and a
reduced rate of deterioration.
The most frequently cited cause of
seed deterioration is damage to cellular
membranes and other subcellular components
by harmful free radicals generated by
peroxidation
of
unsaturated
and
polyunsaturated membrane fatty acids. These
free radicals are quenched or converted to
less harmful products (hydrogen peroxide and
subsequently
water)
by
free
radical
scavenging enzymes and antioxidants.
Hydropriming and ascorbic acid priming of
cotton seed is reported to maintain
germination and simultaneously the activities
of a number of antioxidant enzymes such as
peroxidase, catalase, ascorbate peroxidase,
glutathione
reductase
and
superoxide
dismutase against the process of ageing. Also
the accumulation of by-products of lipid
peroxidation,
such
as
peroxides,
malonaldehyde and hexanals is decreased by
osmopriming, which is correlated with
decreased loss in viability of soybean seeds
under storage. Solid matrix priming in
moistened
vermiculite
reduces
lipid
peroxidation, enhances antioxidative activities
and improves seed vigour of shrunken sweet
corn seed stored at cool or subzero
temperatures. Treatment of shrunken sweet
corn seeds with 2,2′-azobis 2-aminopropane
hydrochloride (AAPH), a water-soluble
chemical capable of generating free radicals,
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damages the seeds by increasing lipid
peroxidation. This damage is partially
reversed by solid matrix priming which
increases
free
radical
and
peroxide
scavenging enzyme activity and subsequent
reduction in peroxide accumulation.
As stated earlier, when high vigour
seed lots are primed, their longevity gets
adversely affected. Attempts have been made
by several workers to develop methods to
restore seed longevity after seed priming.
o
Slow drying at 30 C which reduces the
moisture of osmoprimed B. oleracea to 25% in
the first 72 h of drying, followed by fast drying
at 20oC to bring the moisture level down to 7%
improved the performance of the osmoprimed
seed in a controlled deterioration test
compared to that of the osmoprimed seed
subjected to fast drying. Concomitant with the
improved longevity of slow dried-seeds is the
enhanced expression of two stress tolerant
genes during slow drying. These two genes
namely Em6 and RAB 18, which belong to the
late embryogenesis abundant (LEA) protein
groups, are also expressed to a large extent in
mature seeds and are responsible for
conferring desiccation tolerance during seed
maturation. Em6 belongs to group 1b LEA
proteins and shares features with DNA
gyrases or molecular chaperones which
suggest a role for Em6 in protecting DNA
integrity during controlled deterioration
treatments. RAB 18 belongs to group 2 LEA
proteins and encodes an abscisic acid (ABA)inducible dehydrin. It accumulates in plants in
response to drought stress and certainly has a
protective role in stress tolerance but the
exact mechanism is not known. These genes
are expressed to a lesser extent in the fast
dried seeds because the moisture content
drops much too rapidly.
A post-priming treatment including a
reduction in seed water content followed by
o
o
incubation at 37 C or 40 C for 2–4 h restores
potential longevity in tomato seeds. This
treatment is accompanied by the increase in
the levels of the immunoglobulin binding
protein (BiP) an ER resident homolog of the
cytoplasmic hsp 70. BiP is known to be
involved in restoring the function of proteins
damaged by any kind of stress and may
function as a chaperone in the reactivation of
proteins damaged due to the imbibition and
drying processes involved in seed priming.
x. Discussion and conclusions
Pre-sowing priming improves seed
performance as the seed is brought to a stage
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where the metabolic processes are already
initiated giving it a head start over the
unprimed seed. Upon further imbibition, the
primed seed can take off from where it has left
completing the remaining steps of germination
(stage III) quicker than the unprimed seed.
Priming also repairs any metabolic damage
incurred by the dry seed, including that of the
nucleic acids, thus fortifying the metabolic
machinery of the seed. Another beneficial
effect of priming is the synchronization of the
metabolism of all the seeds in a seed lot, thus
ensuring uniform emergence and growth in
the field.
The different ways in which priming
could possibly be effective at the subcellular
level in improving seed
performance is
depicted in Figure 1. This figure is an
adaptation of the figure suggested by Bewley
et al.7 to illustrate the metabolic events in the
seed upon imbibition in water. Since hydration
is also the key process in priming, albeit in a
controlled fashion, and conforms to the
triphasic pattern of water uptake, the original
figure has been superimposed with the
present one to describe the subcellular events
specifically associated with priming. The figure
also incorporates other aspects of priming
discussed in the earlier sections such as its
effect on dormancy release and seed
longevity.
The most important ameliorative
effect of priming should be the repair of
damaged DNA to ensure the availability of
error free template for replication and
transcription. Since the water uptake is slower
during priming than germination, the seed
gets more time for completion of the process
of repair. Unfortunately, there is no direct
experimental evidence to support or
corroborate this. One strategy (there could be
other possible approaches) to specifically
detect repair synthesis differentiating it from
replicative synthesis is to artificially induce
damage to DNA of the seed by UV irradiation.
The damaged seeds can then be primed, the
DNA labelled with BrdU, and ssDNA
transients generated during repair in response
to priming can be detected using an antiBrdU antibody.
It is evident that priming advances the
metabolism of the seed. Many proteins and
enzymes involved in cell metabolism are
synthesized to a level intermediary between
the dry seed and the seed imbibed directly in
water, while a few of these are synthesized to
the same extent as the germinating seed.
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Some proteins are synthesized only
during priming and not during germination. For
example, the degradation products of certain
storage proteins (such as globulins and
cruciferin) are detected only during priming
and not when imbibed in water. A possible
explanation is that the slight water stress
situation created during priming (particularly
osmopriming) can induce the breakdown of
these proteins thus initiating the process of
reserve protein mobilization earlier than in the
unprimed seed. Similarly, low molecular
weight HSPs are specifically synthesized
during osmopriming and not during imbibition
in water. These proteins function as molecular
chaperones and are synthesized to protect the
cell from moisture stress occurring during the
process of osmopriming but they could very
well be effective in protecting those proteins
also which are damaged naturally. Free
radical scavenging enzymes such as catalase
and superoxide dismutase are synthesized
during hydropriming to protect the cell from
damage due to lipid peroxidation, which
occurs due to the oxidative stress induced by
hydropriming. These enzymes could also be
effective in quenching the free radicals
generated by lipid peroxidation occurring
naturally.
Priming synchronizes all the cells of
the germinating embryo in the G2 phase of
the cell cycle so that upon further imbibition,
cell division proceeds uniformly in all the cells
ensuring uniform development of all parts of
the seedling. Priming also prepares the cell for
division by enhancing the synthesis of β tubulin which is a component of microtubules.
These effects of priming are retained even
after drying the primed seed. The exact
mechanism by which priming regulates the
cell cycle needs to be investigated. There is
enhanced ATP production during priming,
which is retained even after drying making the
primed seed more vigorous than an untreated
seed.
When a primed seed is stored under
conducive conditions (low temperature and
low moisture) most of the beneficial effects of
priming are retained. However, the storability
of the primed seed per se is either improved
or adversely affected, depending upon the
initial physiological status of the seed. Priming
improves the storability of low vigour seeds,
but reduces that of high vigour seeds. The
longevity of seeds after priming can be
extended by giving post-priming treatments
involving subjecting the seed to slight
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moisture and temperature stress before drying
the seed completely. These treatments are
accompanied by the synthesis of stress
related proteins (similar to those which are
abundant when the seed undergoes
desiccation during maturation) which protect
the cellular proteins from damage and thus, in
turn, extend the seed longevity.
While we know that all the beneficial
subcellular responses induced by seed
priming occur between stages I and II of water
uptake, we are not able to give the exact
sequence of their occurrence at this point in
time. Similarly, for optimization of priming
technology, no suitable marker is reported,
which can indicate the completion of stage II.
This can be of immense practical use. More
in-depth research on the physiology of seed
priming would help us to refine the technique
and develop better priming protocols to
achieve maximum benefits.
IV. Seed priming – an overview
A broad term in seed technology,
describing
methods
of
physiological
enhancement of seed performance through
presowing
controlled-hydration
methodologies. Seed priming also describes
the biological processes that occur during
these
treatments.
Improvements
in
germination speed and/or uniformity common
with primed seed lots

extremes, excess moisture). Primed seed can
also improve the percent useable seedlings in
greenhouse production systems (e.g. plugs,
transplants)

Seed priming
Currently used commercially in highvalue crops where reliably uniform emergence
is important:
 Field seeding/plug production of tomato,
pepper, onion, carrots, leeks
 Potted/bedding plants like begonia, pansy
(Viola spp.), cyclamen, primrose and many
culinary herbs
 Large scale field crops (e.g. sugar beet)
and some turfgrass species
 Also valuable in circumventing induced
thermodormancy (e.g. some lettuce,
celery, pansy cvs.) - priming can raise
upper temperature limit for germination

Seed priming – hydration status

Physiological mechanisms of seed priming

In primed seeds, Phase II is extended
and
maintained
until
interrupted
by
dehydration, storage. Phase III water uptake
is achieved upon subsequent sowing and
rehydration

Key processes involved include:

Seed priming – seedling establishment
Primed seed contributes to better
seedling establishment especially under suboptimal conditions at sowing (e.g. temperature
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

1.

Hydrotime concept

2.

DNA replication, preparation for cell
division (cell cycle studies)

3.

Endosperm weakening for species with
mechanical restraint

4. Hydrotime accumulated during priming
 Priming treatment effectiveness is linked to
accumulated hydrotime
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 Highest germination rate for broccoli seeds
‘Brigalier’ occurred after 218 and 252 MPa
hrs

4. biopriming
After completion of priming seeds are
re-dried. Slow drying at moderate temps is
generally, but not always preferable.
Controlled moisture-loss treatments (e.g. slow
drying, or use of an osmoticum) can extend
seed longevity by 10% or more in
hydroprimed tomato, for example. Heat-shock
is also used; keeping primed seeds under a
mild H2O and/or temp stress for several hrs
(tomato) or days (Impatiens) before drying can
increase longevity.
Osmopriming (Osmoconditioning)

 When priming occurs at sub-optimal
temps, thermal time can also be added to
the equation.
 Goal is to provide a predictive tool for
identifying optimal priming trts. for a seed
lot without extensive empirical tests.
 General validity of hydrotime/hydrothermal
models has spurred research on temps,
H2O potential thresholds and seed
germination dynamics.
Priming-physiology and events associated
with germination, post-germ










Seeds are kept in contact with aerated
solutions of low water potential, and
rinsed upon completion of priming.
Mannitol, inorganic salts [KNO3, KCL,
Ca(NO3)2, etc] are used extensively;
small molecule size, possible uptake
and toxicity a drawback.
Polyethylene glycol (PEG; 6,000-8,000
mol. wt.) is now preferred; large
molecule size prevents movement into
living cells.
For small amounts, seeds are placed on
surface of paper moistened with
solutions, or immersed in columns of
solution.
Continuous aeration is usually needed
for adequate gas exchange with
submerged seeds.

Matrix-priming (matriconditioning)



Priming - technologies
Three basic systems used to
deliver/restrict H2O and supply air to seeds,
biopriming is the inclusion of beneficial
organisms in addition to other basic priming.
All can be conducted as batch processes.
Commercial systems can handle quantities
from tens of grams to several tons at a time.






1. osmopriming
2. matrix-priming
3. hydropriming
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Seeds in layers or mixes kept in contact
of water and solid of insoluble matrix
particles (vermiculte, diatomaceous
earth,
clay
pellets,
etc.)
in
predetermined proportions.
Seeds are slowly imbibe reaching an
equilibrium hydration level.
After incubation/priming, the moist
matrix material is removed by sieving or
screening,
or
can
be
partially
incorporated into a coating.
Mimic the natural uptake of water by the
seed from soil, or greenhouse mix
particles.
Seeds are generally mixed into carrier
at matric potentials from -0.4 to -1.5
o
MPa at 15-20 C for 1-14 days.
Technique is successful in enhanced
seed performance of many smaller and
large seeded species.
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Hydropriming (steeping)



















Currently, this method is used for both
in the sense of steeping (imbibition in
H2O for a short period), and in the
sense of ‘continuous or staged addition
of a limited amount of water’.
Hydropriming methods have practical
advantages of minimal wastage of
material (vs. osmo-, matripriming).
Slow imbibition is the basis of the
patented ‘drum priming’ and related
techniques.
Water availability is not limited here;
some seeds will eventually complete
germinate, unless the process is
interrupted prior to the onset of phase III
water uptake.
At its simplest, steeping is an
agricultural practice used over many
centuries; ‘chitting’ of rice seeds, onfarm steeping advocated in many parts
of the world as a pragmatic, low
cost/low risk method for improved crop
establishment
Steeping can also remove residual
amounts of water soluble germination
inhibitors from seed coats (e.g.
Apiaceae, sugar beets).
Can also be used to infiltrate crop
protection chemicals for the control of
deep-seated seed borne disease, etc.
Treatment usually involves immersion
o
or percolation (up to 30 C for several
hrs.), followed by draining and drying
back to near original SMC.
Short
‘hot-water
steeps’
o
(thermotherapy), typically ~ 50 C for 10
to 30 min, are used to disinfect or
eradicate certain seed borne fungal,
bacterial, or viral pathogens; extreme
care and precision are needed to avoid
loss of seed quality.
Drum priming (Rowse, 1996) – evenly
and slowly hydrates seeds to a
predetermined MC (typically ~ 25-30%
dry wt. basis) by misting, condensation,
or dribbling.
Seed lots are tumbled in a rotating
cylindrical drum for even hydration,
aeration and temperature controlled.
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Biopriming (e.g. Bacillus, Trichoderma,
Gliocladium)


Beneficial microbes are included in the
priming process, either as a technique
for colonizing seeds and/or to control
pathogen proliferation during priming.



Compatibility
with
existing
crop
protection seed treatments and other
biologicals can vary.

Priming – promotive & retardant
substances


Combination of priming with PGR’s or
hormones (GA’s, ethylene, cytokinins)
that may affect germination



Transplant height control and seed
priming with growth retardants (e.g.
paclobutrazol) also effective.



Other promoting agents, plant extracts
can be included in future priming
treatments.

Drying seeds after priming


Method and rate of drying seeds after
priming is important to subsequent
performance.



Slow drying at moderate temps is
generally, but not always preferable.



Controlled moisture-loss treatments
(e.g. slow drying, or use of an
osmoticum) can extend seed longevity
by 10% or more in hydroprimed tomato,
for example.



Heat-shock is also used; keeping
primed seeds under a mild H2O and/or
temp stress for several hrs (tomato) or
days (Impatiens) before drying can
increase longevity
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Priming and development of free space in
seeds


Hydropriming and osmopriming showed
tomato seed free space development
(8-11%), almost all at the cost of
endosperm area



When seeds are osmoprimed directly
after harvest do not show free space
change; dehydration prior to priming
required.



Facilitates water uptake, speeds up
germination?

Seed priming and ‘repair’ of damage – a
model

V.
Seed
technology

priming-

The

pragmatic

Priming could be defined as
controlling the hydration level within seeds so
that the metabolic activity necessary for
germination can occur but radicle emergence
is prevented. Different physiological activities
within the seed occur at different moisture
levels. The last physiological activity in the
germination process is radicle emergence.
The initiation of radicle emergence requires a
high seed water content. By limiting seed
water content, all the metabolic steps
necessary for germination can occur without
the irreversible act of radicle emergence. Prior
to radicle emergence, the seed is considered
desiccation tolerant, thus the primed seed
moisture content can be decreased by drying.
After drying, primed seeds can be stored untill
time of sowing.
Different priming methods have been
reported to be used commercially. Among
them, liquid or osmotic priming and solid
matrix priming appear to have the greatest
following. However, the actual techniques and
procedures commercially used in seed
priming are proprietary.
A. Types of seed priming commonly used:
1. Osmopriming (osmoconditioning)
This is the standard priming
technique. Seeds are incubated in well
aerated solutions with a low water potential,
and afterwards washes and dried. The low
water potential of the solutions can be
achieved by adding osmotica like mannitol,
polyethyleneglycol (PEG) or salts like KCl.

A model of seed deterioration and its
physiological consequences during seed
storage and imbibition
Seed priming - conclusions




Clear benefits, especially for seedling
establishment under less than optimal
conditions.
Seed longevity of primed lots is
negatively affected (% RH oF = 80 or
less, rather than 100%)
Priming alone does not improve percent
useable plants; removal of weak, dead
seeds also needed.

Figure 1. The pattern of water uptake and
metabolic events during seed priming
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Seeds in contact with aerated
solutions of low water potential is performed,
and then rinsed upon completion of priming.
Mannitol, inorganic salts [KNO3, KCL,
Ca(NO3)2, etc] are used extensively. However,
salts of small molecule size may pose for
possible uptake and toxicity as drawback.
Polyethylene glycol (PEG; 6,000-8,000 mol.
wt.) is now preferred; it is large molecular size
that prevents movement into living cells.
Seed Priming: Seeds of a sub-sample were
soaked in distilled water. Another sub-sample
is pretreared with Polyethylene glycol 6000
(PEG) at a concentration of 253 g/kg water
giving an osmotic potential of -1.2 MPa for 12
hours. Priming treatments were performed in
o
an incubator adjusted on 20 ± 1 C under dark
conditions. After priming, samples of seeds
were removed and rinsed three times in
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distilled water and then dried to the original
moisture level about 9.5% (tested by hightemperature oven method at 130±2° C for 4
hours).
Laboratory germination test: Four replicates of
50 seeds were germinated between double
layered rolled germination papers. The rolled
paper with seeds was put into plastic bags to
avoid moisture loss. Seeds were allowed to
o
germinate at 10±1 C in the dark for 21 days.
Germination is considered to have occurred
when the radicles are 2 mm long.
Germinated seeds were recorded every 24 h
for 21 days. Rate of seed germination (R) is
calculated according to Ellis and Roberts.
(1980).
2. Hydropriming (drum priming / Steeping)
This is achieved by continuous or
successive addition of a limited amount of
water to the seeds. A drum is used for this
purpose and the water can also be applied by
humid air. 'On-farm steeping' is the cheep and
useful technique that is practised by
incubating seeds (cereals, legumes) for a
limited time in warm water.
Hydropriming can also be practised to
infiltrate crop protection chemicals for the
control of deep-seated seed borne disease,
etc. Treatment usually involves immersion or
o
percolation (up to 30 C for several hrs.),
followed by draining and drying back to near
original SMC (seed moisture content). Short
‘hot-water steeps’ (thermotherapy), typically ~
o
50 C for 10 to 30 min, are used to disinfect or
eradicated certain seed borne fungal,
bacterial, or viral pathogens. Here extreme
care and precision are needed to avoid loss of
seed quality.
3. Matrixpriming (matriconditioning)
Matrixpriming is the incubation of
seeds in a solid of insoluble matrix
(vermiculite, diatomaceous earth, cross-linked
highly water-absorbent polymers) with a
limited amount of water. This method confers
a slow imbibition.
Adoption of Pregerminated seeds is
only possible with a few species. In contrast to
normal priming, seeds are allowed to perform
radicle protrusion. This is followed by sorting
for specific stages, a treatment that re-induces
desiccation tolerance, and drying. The use of
pre-germinated seeds causes rapid and
uniform seedling development.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

In matriconditioning the use of
sawdust (passed through a 0.5 mm screen)
on seeds can be adopted to improve seed
viability and vigour. The ratio of seeds to
carrier to water used was 1: 0.4: 0.5 (by
weight in grams). The seeds are conditioned
for 18 h at room temperature, and air-dried
afterwards for 5 h. The treatment significantly
increases pod yield 1.5 times as much as the
untreated.
Matriconditioning using either moist
o

sawdust or vermiculite (210 μm) at 15 C for 2
days in the light showed improvement in
uniformity and speed of germination as
compared to the untreated seeds. The ratio of
seed to carrier to water used was 1: 0.3: 0.5
(by weight in gram) for sawdust, and 1: 0.7:
0.5 for vermiculite. However, there was no
significant difference between the sawdust
and
vermiculite
treatments.
Uniformity
increased from 42% in the untreated to 61.7%
in the sawdust- and 60.3% in the vermiculitematriconditioned seeds. Speed of germination
increased from 17.3% to 20.0% (sawdust) or
19.7% (vermiculite). Even though there were
no significant differences in germination and
electrical
conductivity
between
matriconditioned seeds and the untreated
ones, matriconditioning treatments increased
percent of germination and reduced seed
leakage as shown by reduction in the
electrical conductivity values of the soaked
water, thus improvement in membrane
integrity has occurred.
Study with hot pepper seed indicated
that improvement in seed quality by sawdustmatriconditioning plus GA3 treatment was
related with increase in total protein content of
the seed. The seeds were conditioned for 6
o
days at 15 C, and the ratio of seeds to carrier
to water was 1: 2: 5.
Observations on blight disease
incidence at 45, 60 and 75 days after sowing
were recorded by scoring five plants in each
treatment on a 0 to 9 scale of Mayee and
Datar (1986) and percent disease index (PDI)
was calculated using a formula given by
Wheeler (1969)

PDI =

Sum of numerical
disease ratings
No. of
plants/leaves
observed

100
x

Maximum
disease rating
value
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Head diameter, test weight (100-seed
weight) and yield (quintal/ha) were also
recorded.
4. Bio-priming or Biological Seed
Treatment
Bio-priming is a process of biological
seed treatment that refers combination of
seed hydration (physiological aspect of
disease control) and inoculation (biological
aspect of disease control) of seed with
beneficial organism to protect seed. It is an
ecological approach using selected fungal
antagonists against the soil and seed-borne
pathogens. Biological seed treatments may
provide an alternative to chemical control and
balanced nutrient supplement.

B. Priming
substances

–

promotive

&

retardant

Many reports are available on
combination of priming with PGR’s or
hormones (GA’s, ethylene, cytokinins) that
may affect germination. Transplant height
control and seed priming with growth
retardants (e.g. paclobutrazol) are also
effective. Other promoting agents, plant
extracts can be included in future priming
treatments.
C. Drying seeds after priming



Pre-soak the seeds in water for 12 hours.



Mix the formulated product of bioagent
(Trichoderma
harzianum
and/or
Pseudomonas fluorescens) with the presoaked seeds at the rate of 10 g per kg
seed.

Method and rate of drying seeds after
priming
is
important
to
subsequent
performance. Slow drying at moderate temps
is generally, but not always preferable.
Controlled moisture-loss treatments (e.g. slow
drying, or use of an osmoticum) can extend
seed longevity by 10% or more in
hydroprimed tomato, for example. Heat-shock
is also used; keeping primed seeds under a
mild H2O and/or temp stress for several hrs
(tomato) or days (Impatiens) before drying can
increase longevity.



Put the treated seeds as a heap.

VI. Biofertilizer Delivery Systems



Cover the heap with a moist jute sack to
maintain high humidity.



Incubate the seeds under high humidity
for about 48 h at approx. 25 to 32 oC.



Bioagent adhered to the seed grows on
the seed surface under moist condition to
form a protective layer all around the
seed coat.

In seed biopriming, plant growth
promoting rhizobacteria are delivered through
several means based on survival nature and
mode of infection of the pathogen. It is
delivered through seed, soil, foliage,
rhizomes, setts, or through combination of
several methods of delivery.

Procedure



Sow the seeds in nursery bed.



The seeds thus bioprimed with the
bioagent provide protection against seed
and soil borne plant pathogens, improved
germination and seedling growth (Figure)

Rice seed biopriming with Trichoderma
harzianum strain PBAT-43
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

1. Seed treatment
Seed treatment with cell suspensions
of PGPR was effective against several
diseases. Delivering of Serratia marcescens
strain 90-166 as seed dip before planting and
soil application of 100 ml of the same at the
8
rate of 10 cfu/ml to the sterilized soil less
planting mix after seeding reduced bacterial
wilt of cucumber and controlled cucumber
beetles besides increasing the fruit weight
(Zehnder et al., 2001). Transfer of technology
for commercial use could be possible if PGPR
strains are made available as a product. After
264 Nakkeeran et al. realization of the same,
several carriers were used for formulation
development. Talc based formulation of P.
fluorescens Pf1 was coated on to seeds at the
7
rate of 4 g/kg (10 cfu/g) of chickpea seeds
(cv. Shoba) for the management of chickpea
wilt. Sowing of treated chickpea seeds
resulted in establishment of rhizobacteria on
chickpea rhizosphere (Vidhyasekaran and
Muthamilan, 1995). Treatment of cucumber
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seeds with strain mixtures comprising of
Bacillus pumilus - INR7, B. subtilis – GB03
and Curtobacterium flaccumfaciens – ME1
with a mean bacterial density of 5x109
cfu/seed reduced intensity of angular leaf spot
and anthracnose equivalent to the synthetic
elicitor Actigard and better than seed
treatment with individual strains (Raupach and
Kloepper, 1998). Treatment of pigeonpea
seeds with talc based formulation of P.
fluorescens (Pf1) effectively controlled fusarial
wilt of pigeonpea under greenhouse and field
conditions (Vidhyasekaran et al., 1997).
Soaking of rice seeds in water containing 10 g
of talc based formulation of P. fluorescens
consisting mixture of PF1 and PF2 (108 cfu/g)
for 24 h controlled rice sheath blight under
field condition (Nandakumar et al., 2001).
Seed treatment of lettuce with either
vermiculite or kaolin based carrier of B.
subtilis (BACT-0) significantly reduced root rot
caused by P. aphanideramtum and it also
increased the fresh weight of lettuce under
greenhouse conditions. Seed treatment with
vermiculite based P. putida reduced fusarium
root rot of cucumber and increased the yield
and growth of cucumber (Amer and Utkhede,
2000). Treatment of tomato seeds with
powder formulation of PGPR (B. subtilis, B.
pumilus) reduced symptom severity of ToMoV
and increased the fruit yield (Murphy et al.,
2000).
2. Bio-priming
A successful antagonist should
colonize rhizosphere during seed germination
(Weller, 1983). Priming with PGPR increase
germination
and
improve
seedling
establishment. It initiates the physiological
process of germination, but prevents the
emergence of plumule and radicle. Initiation of
physiological
process
helps
in
the
establishment and proliferation of PGPR on
the spermosphere (Taylor and Harman,
1990). Bio-priming of seeds with bacterial
antagonists increase the population load of
antagonist to a tune of 10 fold on the seeds
thus protected rhizosphere from the ingress of
plant pathogens (Callan et al., 1990).
Chickpea seeds treated with talc-based
formulation of Pf1 was primed by incubating
the treated seeds for 20 h at 25° C over sterile
vermiculite moistened with sterile water.
Population of Pf1 increased up to 100% in the
rhizosphere, indicating that it provides a
congenial microclimate for proliferation and
establishment
of
bacterial
antagonist
(Vidhyasekaran and Muthamilan, 1995). Drum
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

priming is a commercial seed treatment
method followed to treat seeds with
pesticides. Drum priming of carrot and parsnip
seeds with P. fluorescens Pf CHAO
proliferated well on the seeds and could be
explored for realistic scale up of PGPR
(Wright et al., 2003).
3. Seedling dip
PGPR is delivered through various
means for the management of crop diseases
based on the survival nature of pathogen. In
several crops pathogens gain entry into plants
either through seed, root or foliage. In rice,
sheath blight incited by Rhizoctonia solani is a
major obstacle in rice production. As the
pathogen is soil borne, it establishes host
parasite relationships by entering through
root. Hence, protection of rhizosphere region
by prior colonization with PGPR will prevent
the
establishment
of
host-parasite
relationship. Delivering of P. fluorescens strain
mixtures by dipping the rice seedlings in
bundles in
water containing talc based
formulation of strain mixtures (20 g/l) for 2h
and later transplanting it to the main field
suppressed
sheath
blight
incidence
(Nandakumar et al., 2001).
4. Soil application
Soil being as the repertoire of both
beneficial and pathogenic microbes, delivering
of PGPR strains to soil will increase the
population dynamics of augmented bacterial
antagonists and thereby would suppress the
establishment of pathogenic microbes on to
the infection court. Vidhyasekaran and
Muthamilan (1995) stated that soil application
of peat based formulation of P. fluorescens
(Pf1) at the rate of 2.5 kg of formulation mixed
with 25 kg of well decomposed farm yard
manure; in combination with seed treatment
increased rhizosphere colonization of Pf1 and
suppressed chickpea wilt caused by Fusarium
oxysporum
f.sp. ciceris. Broadcasting
of talc based formulation of strain mixtures (
Pf1 and FP7 ) by blending 2.5 kg of
formulation with 50 kg
of sand after 30
days of transplanting
paddy seedlings to
main field significantly reduced sheath blight
and increased yield
under field conditions
(Nandakumar et al., 2001). Incorporation of
commercial chitosan based formulations
LS254
(comprising
of
Paenobacillus
macerans + B. pumilus) and LS255
(comprising of P. macerans + B. subtilis) into
soil at the ratio of 1: 40 (Formulation: Soil)
increased bio-matter production by increasing
both root and shoot length and yield
(Vasudevan et al., 2002).
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5. Foliar spray
The efficacy of biocontrol agents for
foliar diseases is greatly affected by
fluctuation of microclimate. Phyllosphere is
subjected to diurnal and nocturnal, cyclic and
non-cyclic variation in temperature, relative
humidity, dew, rain, wind and radiation. Hence
water potential of phylloplane microbes will be
varying constantly. It will also vary between
leaves or the periphery of the canopy and on
sheltered leaves. Higher relative humidity
could be observed in the shaded, dense
region of the plant than that of peripheral
leaves. The dew formation is greater in centre
and periphery.
The concentration of
nutrients like amino
acid, organic acids and
sugars exuded through stomata, lenticels,
hydathodes and wounds varies highly. It
affects the efficacy and
survival of
antatognist in phylloplane (Andrews, 1992).
Delivering of Pseudomonas to beet
leaves actively compete for amino acids on
the leaf surface and inhibited spore
germination of Botrytis cinerea, Cladosporium
herbarum and Phoma betae (Blakeman and
Brodie, 1977). Application of B. subtilis to
bean
leaves decreased incidence of bean
rust (Uromyces phaseoli) by 75% equivalent
to weekly treatments with the fungicide
mancozeb (Baker et al., 1983). Application of
P. fluorescens on to foliage (1kg of talc based
formulation /ha) on 30, 45, 60, 75 and 90 days
after sowing reduced leaf spot and rust of
groundnut under field conditions (Meena et
al., 2002).
6. Fruit spray
Pseudomonas
syringae
(10%
wettable powder) in the modified packing line
was sprayed at the rate of 10 g/l over apple
fruit to control blue and grey mold of apple.
The population of antagonist increased in the
wounds more than 10 fold during 3 months
in storage (Janisiewicz and Jeffers, 1997).
Research on the exploration of PGPR have
to go a long way to explore its usage to
manage post harvest diseases.
7. Hive insert
Honey bees and bumble bees serve
as a vector for the dispersal of biocontrol
agents for the control of diseases of flowering
and fruit crops (Sandhu and Waraich,
1985, Kevan et al., 2003). An innovative
method of application of bio-control agent right
in the infection court at the exact time
of susceptibility was developed by Thomson
et al. (1992). A dispenser is attached to the
hive and loaded with powder formulation
of the PGPR or with other desired biocontrol
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

agent. The foragers when exit the hive,
the antagonist get dusted on to bee and
delivered to the desired crop, while attempting
for sucking the nectar. Erwinia amylovora
causing fire blight of apple infects through
flower and develops extensively on stigma.
Colonisation by antagonist at the critical
juncture is necessary to prevent flower
infection. Since flowers do not open
simultaneously
the bio-control agent P.
fluorescens has to
be applied to flowers
repeatedly to protect
the stigma. Nectar
seeking insects like
Aphis mellifera can
be used to deliver
P. fluorescens to
stigma. Bees deposit
the bacteria on
the flowers soon after opening due to their
foraging habits. Honey bees
have also
been used for the management
of gray
mold of strawberry and raspberry
(Peng et
al., 1992; Sutton, 1995; Kovach et al., 2000).
8. Sucker treatment
Plant growth promoting rhizobacteria
also play a vital role in the management of soil
borne diseases of vegetatively propagated
crops. The delivery of PGPR varies depending
upon the crop. In crops like sugarcane and
banana rhizobacteria are delivered through
sett
treatment
or rhizome treatment
respectively. Banana suckers were dipped in
talc based P. fluorescens suspension (500g of
the product in 50 liters of water) for 10 min
after pairing and pralinage. Subsequently it
was followed by capsule application (50 mg of
P. fluorescens per capsule) on third and fifth
month after planting. It resulted in 80.6 per
cent reduction in panama wilt of banana
compared to control (Raguchander et al.,
2000).
9. Sett treatment
Red rot of sugarcane is a major
production constraint in sugarcane cultivation.
Usage of chemical fungicides for the
management of red rot was less effective to
protect the crop. Since, PGPR act as
a predominant prokaryote in the rhizosphere,
fluorescent pseudomonads were explored for
the management of red rot under field
conditions. Budded sugarcane setts were
soaked in talc formulation of P. fluorescens
(20g/l) for one hour and incubated for 18h
prior to planting. Planting of treated setts
increased cane growth, sugar recovery
and reduced red rot incidence under field
conditions.
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10. Multiple delivery systems
Plant pathogens establish host parasite
relationships by entering through infection court
such
as
spermosphere,
rhizosphere and
phyllosphere. Hence, protection of sites vulnerable
for the entry and infection of pathogens would offer
a better means for disease management. Seed
treatment of pigeonpea with talc based formulation
of fluorescent pseudomonads at the rate of
4 g/kg of seed followed by soil application
at
the rate of 2.5 kg/ha at 0, 30, and 60
days
after sowing controlled pigeonpea wilt incidence
under field conditions. The additional soil
application of talc based formulation improved
disease control and increased yield compared to
seed treatment alone (Vidhyasekaran et al., 1997).
Delivering of P. fluorescens as seed treatment
followed by three foliar applications suppressed
rice blast under field conditions (Krishnamurthy and
Delivery system Technique
Seed treatment
Soaking of seeds in culture
suspension 10 g/lit for 24 h

Gnanamanickam, 1998). Seed and foliar
application of talc based fluorescent pseudomonas
reduced leaf spot and rust of groundnut under field
conditions (Meena et al., 2002). The increased
efficacy
of strain mixtures through combined
application might be due to PGPR formulations 269
increase in the population of fluorescent
pseudomonads
in
both
rhizosphere
and
phyllosphere (Viswanathan and Samiyappan,
1999). Delivering of rhizobacteria through
combined application of different delivery systems
will increase the population load of rhizobacteria
and thereby might suppress
the pathogenic
propagules.
Various
delivery
systems
of
biofertilizers (Pseudomonas fluorescens, 108 cfu/g
talc based powder formulation) in controlling
phytopathogens
entering
through
different
vulnerable sites.
Purpose
Sheath blight of rice

Seed coating 4 g/kg seed

Chickpea wilt

Biopriming

Incubation of seeds with culture
o
suspension at 25 C for 20 h

Seedling
deeping
Soil application

Root deeping in culture
suspension (20 g/ltr) for 2 h
Braodcast culture 2.5 kg mixed
with 25 kg FYM or 50 kg soil
Foliar spay of culture 1 kg/ha on
ground nut at 15 days intervals
since 30 DAS

Increase germination
and improve seedling
establishment
Rice sheath blight by
Rhizoctonia solani
Chickpea wilt by
Fusarium oxysporum
Leaf spot and rust of
groundnut

Foliar
application

Fruit spray

Spray of 10% WP 10 g/lit over
apple fruits

Blue and grey mold of
apple

Hive insert

Dispenser dusting over bee hive
and nectar sucking bees are
dusted / coated with powder
formulation

Sucker
treatment

Banana suckers were dipped in
suspension (500 g/50 lit) for 10
min after pairing and pralinage
and followed by capsule
application (50 mg Ps/capsule)
on third and fifth month after
planting
Setts are soaked in suspension
(20g/l) for 1 h and incubated for
18 h prior to planting
1. Seed treatment-4 g/kg of
seed; followed by soil
application-2.5 kg/ha at 0, 30,
and 60 DAS
2. Seed treatment followed by 3
foliar application

Erwinia amylovora
causing fire blight of
apple infects through
flower and develops
extensively on stigma
Panama wilt of banana

Sett treatment

Multiple delivery
systems

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Red rot of sugarcane

1. Pigeonpea wilt

Mode
Establishment of
rhizobacteria on chickpea
rhizosphere
Establishment of
rhizobacteria on chickpea
rhizosphere
Proliferation and
establishment of bacterial
antagonist
Prevents host-parasite
relationships
Increases rhizosphere
colonization of Pf
Actively competes for
amino acids on the leaf
surface and inhibits spore
germination
Population of antagonist Ps
increased in wounds >10
fold during 3 months in
storage (post harvest
disease management)
Colonisation by antagonist
at the critical juncture is
necessary to prevent
flower infection
Management of soil borne
diseases of vegetatively
propagated crops

Acts as a predominant
prokaryote in the
rhizosphere
Colonisation by antagonist
in rhizosphere and
phyllosphere

2. Rice blast
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VII. Benefits of seed priming For practical
purposes, seeds are primed for the following
reasons:
1. Reasons of priming


to
overcome
or
alleviate
phytochrome-induced dormancy
in lettuce and celery,



to decrease the time necessary
for
germination
and
for
subsequent emergence to occur,



to improve the stand uniformity in
order to facilitate production
management
and
enhance
uniformity at harvest.

2. Extension of the temperature range at
which a seed can germinate


priming enables seeds to emerge
at supra-optimal temperatures



alleviates secondary dormancy
mechanisms particularly in photosensitive varieties

One of the primary benefits of priming
has been the extension of the temperature
range at which a seed can germinate. The
mechanisms associated with priming have not
yet been fully delineated. From a practical
standpoint, priming enables seeds of several
species to germinate and emerge at supraoptimal temperatures. Priming also alleviates
secondary dormancy mechanisms that can be
imposed if exposure to supra-optimal
temperatures lasts too long or in photosensitive lettuce varieties.
3. Increases the rate of germination at any
particular temperature


emergence occurs before soil
crusting
becomes
fully
detrimental,



crops
can
compete
effectively with weeds, and



increased
control
can
be
exercised over water usage and
scheduling.

more

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

The other benefit of priming has been
to increase the rate of germination at any
particular temperature. On a practical level,
primed seeds emerge from the soil faster and
often more uniformly than non-primed seeds
because of limited adverse environmental
exposure.
Priming
accomplishes
this
important development by shortening the lag
or metabolic phase (or phase II in the triphasic
water uptake pattern in the germination
process. The metabolic phase occurs just
after seeds are fully imbibed and just prior to
radicle emergence. Since seeds have already
gone through this phase during priming,
germination times in the field can be reduced
by approximately 50% upon subsequent
rehydration. The increase in emergence
speed and field uniformity demonstrated with
primed seeds have many practical benefits:
4. eliminates or greatly reduces the
amount of seed-borne fungi and
bacteria
Lastly, priming has been commercially
used to eliminate or greatly reduce the
amount of seed-borne fungi and bacteria.
Organisms such as Xanthomonas campestris
in Brassica seeds and Septoria in celery have
been shown to be eliminated within seed lots
as a by-product of priming. The mechanisms
responsible for eradication may be linked to
the water potentials that seeds are exposed to
during priming, differential sensitivity to
priming salts, and/or differential sensitivity to
oxygen concentrations.
VIII. Seed Priming Risks
The number one risk when using
primed seed is reduced seed shelf life.
Depending on the species, seed lot vigor, and
the temperature and humidity that the seed is
being stored, a primed seed should remain
viable for up to a year. If you store primed
seed in hot humid conditions, it will lose
viability much more quickly. In most all cases
however, primed seed has shorter shelf life
than the non primed seed of the same seed
lot. For this reason, it’s best not to carry
primed seed over to the next growing season.
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Impact of Herbicides on Soil Microbial Processes
K. K. Barman
Principal Scientist
Directorate of Weed Science Research (ICAR)
Maharajpur, Jabalpur - M.P.
Weed control in agricultural and nonagricultural lands is rapidly shifting towards
chemical method because of its time, labour
and cost advantages. Although herbicide got
entry in the farmer’s field much later than
insecticides
and
fungicides,
its
global
consumption has already exceeded that of the
other pesticides.
Many of these chemicals
have toxic effects that are not confined to their
target species, and their application may have
impacts on organisms that benefit the wider
agro-ecosystem (Zwieten 2004).
Such
concerns from the research community and
general population were well documented in
June 1992 at the United Nations Conference on
the Environment and Development (UNCED) in
Rio de Janeiro, which is referred to as the
Convention on Biological Diversity.
Although herbicides are meant for
plants, possibility of a direct effect on other
organisms cannot be ruled out as a number of
basic and universal biochemical processes
essential for all forms of life are alike. Direct
impacts on sensitive organisms can occur when
the chemical reaches the soil, either due to
direct targeted deposition such as the case of
pre-emergent herbicides, or through indirect
deposition from spray and spray drift, dripping
from plant material, and contaminated plant
material falling to the soil. Herbicides may also
greatly influence soil biota populations indirectly
by their effects on vegetation which provides
habitat and food for many of them.
Determination of qualitative changes of
the huge populations of thousands of species
following herbicide application is impossible.
There is no universally accepted indicator till
date to study the effect of herbicide on soil
microflora.
The
important
biochemical
processes from agricultural and environmental
perspectives are mostly mediated by a group of
microbial species and strains. Since sensitivity
to a given herbicide varies greatly among the
different microbial species and strains, the
information related to the side effect of
herbicides on the agriculturally important
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

microbial processes as a whole are of greater
significance than the observations about a given
species or strains. In situ exposure of subsurface aquifers to realistic low concentrations
of herbicides may alter the overall structure of a
natural bacterial community, although significant
effects on the genetic diversity and carbon
substrate usage cannot be detected (Lipthay et
al. 2004). The long-term (20 year) use of the
herbicides atrazine and metolachlor resulted in
an altered soil community structure, in particular
for the methanotrophic bacteria (Seghers et al.
2003). But those observed changes did not
cause a decreased community function
(methane oxidation), probably because the total
abundance of the methanotrophs in the soil
system was preserved.
Soil respiration
Soil respiration indicates about the
overall biological activity in soil. It was not
substantially influenced by increasing dosage of
hexazinone (Bliev et al. 1988). Simazine at high
dose (5 kg/ha) decreased soil respiration in a
soil under oil rose (Karpova et al. 1986). While,
atrazine markedly stimulated cumulative CO2
evolution (Lafrance et al. 1992). The changes
occurred in the amount of CO 2 released into soil
air due to continued use of simazine and
glyphosate in vineyards (Encheva and Rankov
1990). In a glasshouse trial with and without
plants, Malkomes (1988) observed that the
extent of inhibitory effect of dinoseb acetate on
short-term respiration depended on soil type,
plant growth and sampling time.
Soil Enzymes
Assessment of the enzymes present in
soils offers potential as an integrative index of
the soil's biological status. No negative effect of
hexazinone was observed on dehydrogenase,
peroxidase,
polyphenoloxidase
and
phosphatase, though nitrate-reductase and
catalase activity were reduced and urease
activity increased; Amilase and invertase
showed little change (Bliev et al. 1988).
Simazine at high dose (5 kg /ha) decreased
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dehydrogenase activity in a soil under oil rose
(Karpova et al. 1986). While, diuron at 10-100
ppm stimulated dehydrogenase activity but had
no significant effect on soil urease activity in
black, laterite and coastal saline soils of India
(Sarawad 1987).
Linuron in field doses over many years
under potato monoculture, showed a decrease
in the activity of cellulase and phosphatase in
soil (Furczak and Gostkowska 1982). After 10
years usage of simazine and glyphosate in
vineyards, during the following 3 years of
continued use the changes occurred in catalase
activity (Encheva and Rankov 1990). However,
the repeated use of herbicides fluometuron,
prometryne and trifluralin in the cotton field
reduced urease and invertase, but not catalase
activities, and did not affect soil fertility
(Tolkachev and Solyanova 1979).
Ammonfication
Ammonification of organic form of
nitrogen is carried out by wide groups of soil
micro-organisms. Some herbicides showed
temporary inhibitory effect on ammonification
process under laboratory condition.
The
ammonification of urea was reduced at the
beginning of incubation in soil treated with
acephate, benomyl and pendimethalin at 1-50
ppm level (Lin et al. 2003) but was not affected
by trifluralin, atrazine and sencor in a planosol
(Tang et al. 1984). Similarly, atrazine induced a
decrease in arginine ammonification rate
(Lafrance et al. 1992). While, several herbicides
showed either a stimulatory or no effect on
ammonification process in incubated soils. The
herbicides
2,4-D,
dicamba,
glyphosate,
paraquat, picloram and simazine showed no
effect on microbial ammonification of organic N
indigenous to soil (Tu 1994). Similarly, diuron
did not inhibit ammonification in black, laterite
and coastal saline soils of India even when
applied at 100 mg/kg rate (Sarawad 1987).
Depending on its dosage dinoseb frequently
stimulated ammonification in a laboratory study
(Malkomes 1987). MCPB also increased the
ammonia content in incubated soil (Busolovich
et al. 1984). Increasing dosage of hexazinone,
while
stimulated
the
processes
of
ammonification, tended to lower humus content,
overall N, and the intensity of the humification
process (Bliev et al. 1988).

ammonification in red sandy clay loam soil but
there was no significant effect in black cotton
clay soils. While at 5 times of field rate, 2,4-D
depressed ammonification in both soils
(Deshmukh and Shrikhande 1975). Butachlor
o
reduced the rate of ammonification at 30 C but
o
the effect was not significant at 15 C (Chen et
al. 1981).
Glyphosate stimulated ammonification
in soil when studied under laboratory condition
as well as when sprayed in a forest soil
(Stratton and Stewart 1991). Terbacil, diuron
and simazine at field rate stimulated
ammonification in the root zone of trees and
promoted tree growth (Voinova and Stoimenova
1977). While an initial depressing effect for few
days followed by a stimulatory effect was
showed by simazine in the chestnut soils of
forest shelterbelts. Atrazine, prometryne and
Dalapon, however, increased the ammonia-N
content in these soils (Mozhaev 1981).
Application of bensulfuron methyl at the
recommended field rate (0.17%) in paddy field
soils had no significant effect on ammonification
(Yamamoto
et
al.
1998).
Similarly,
ammonification in the L-H horizons of a forest
soil was not affected by hexazinone at
recommended rate (Maynard 1993).
In a field trial, the mixed formulations of
the herbicides (propachlor + atrazine) and
(alachlor + terbutryne) caused steep reductions
in numbers of ammonifying bacteria, but the
effect declined with time. In weedy and hoed
plots the numbers of bacteria remained at more
or less the same levels throughout. While the
(alachlor + prometryne) mix showed little effect
on ammonifying bacteria (Dienes 1983). The
inhibitory effect of butachlor on ammonification
was noticed in a paddy soil (Chen 1981).

The effect of some herbicide may also
vary depending upon the soil and environmental
factors. The field rate of 2,4-D stimulated

Similar to the laboratory or short term
field studies, long term studies also showed
diversed impact on ammonification vis-a-vis
herbicide application. The continuous use of
simazine for three years in lavender crops
decreased the populations of ammonifying
bacteria in soil (Karpova et al. 1980). The long
term (13-14 years) spraying of young mixed
forests
from
aircraft
with
2,4-dichlorphenoxyacetobutylate at a rate of 4.5 kg/ha on
moder-humic sod-podzolic soils considerably
reduced the contents of humus and total
nitrogen but slight reduction in the ammonifying
capacity of the soil (Bliyev et al. 1978). Linuron
in field doses over many years under potato
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monoculture weakened the intensity of
ammonification
processes
(Furczak
and
Gostkowska 1982). In wheat and barley
monocultures over a 10 year period, annual
spraying of the plants with the phenoxyacetic
herbicides MCPA and Aminopielik (2,4-D +
Dicamba) did not cause changes in
ammonification and the field content of NH4-N
(Gostkowska and Furczak 1982). The long term
(10 yrs) usage of simazine and glyphosate in
vineyards slightly intensified ammonifying
activities (Encheva and Rankov 1990).
Nitrification
Unlike
ammonification
process
nitrification is carried out by a very small group
of soil bacteria, mainly Nitrosomonas spp. and
Nitrobacter spp. Hence, any probable impact of
herbicides on this group of bacteria is of great
concern from soil fertility point of view.
Moreover, both Nitrosomonas and Nitrobacter
are compulsorily needed to complete the
oxidation of ammonium–N to nitrate–N, the
most preferred form of N for plants.
Diuron at 10-100 mg/kg, inhibited
nitrification in black, laterite and coastal saline
soils of India; the inhibitory effect increased with
increasing pesticide concentration (Sarawad
1987). Similarly, depression in nitrification
process was observed at higher dose of
hexazinone (Bliev et al. 1988), MCPB
(Busolovich et al. 1984) and glyphosate
(Carlisle and Trevors 1986).
In laboratory conditions, herbicides at
recommended rates generally showed a
temporary depressing effect on nitrification that
recovered with in a short period of time and
nitrification proceeds as normal.
In an
experiment with 2,4-D, dicamba, glyphosate,
paraquat, picloram and simazine, Tu (1994)
observed that except paraquat all herbicide
treatments affected nitrification of ammonium
from soil organic N but the effect disappeared
after 3 weeks in all treatments. In a planosol,
lasso showed strong inhibition during the first
ten days on nitrification of urea (Tang et al.
1984).
Similarly, pendimethalin reduced
nitrification within 7 to 14 days at 1 mg/kg dose
(Lin et al. 2003). Trifluralin, atrazine and sencor
had no effect on nitrification of urea in a
planosol (Tang et al. 1984).

available so far indicate that herbicides are
generally not harmful on nitrification, rather
beneficial at times. Application of bensulfuron
methyl at the recommended field rate (0.17%) in
paddy field soils had temporary adverse effects
on nitrification, but a complete recovery was
evident at 28 days (Yamamoto et al. 1998). The
prolonged use of simazine in lavender crops
decreased the populations of nitrifying bacteria,
and the nitrifying activities of the soil decreased
by the fourth year of annual applications
(Karpova et al. 1980). Linuron in field doses
over many years under potato monoculture
caused a weakening of the intensity of
nitrification process (Furczak and Gostkowska
1982). While, the repeated use of herbicides
prometryne and trifluralin over 7 years did not
inhibit nitrifying bacteria and soil fertility in cotton
field (Tolkachev and Solyanova 1979). In wheat
and barley monocultures over a 10 year period,
annual spraying of the plants with the
phenoxyacetic herbicides MCPA and 2,4-D +
Dicamba mix did not affect the nitrification
activity, nor the field content of NO3-N
(Gostkowska and Furczak 1982).
No
appreciable stimulatory or inhibitory effect on
nitrification activities was shown by hexazinone
(Maynard 1993) and glyphosate (Stratton and
Stewart 1991) when sprayed in a forest soil.
Terbacil, diuron and simazine at field rate
stimulated nitrification in the root zone of trees
and promoted tree growth (Voinova and
Stoimenova 1977). Some stimulatory effects of
butachlor on the nitrification of ammonium
sulphate were observed in a paddy soil (Chen
1981).
The long term (10 yrs) usage of
simazine and glyphosate in vineyards slightly
intensified nitrifying activities (Encheva and
Rankov 1990).
Sometimes the effect of a
herbicide may even vary from minor inhibitory to
stimulatory within a same growing season. For
example, the nitrate-N content of a forest soil
was initially increased and then remained equal
to the control for a period of four months
following simazine, atrazine, prometryne
application at the time planting trees. Dalapon,
however, depressed nitrate N content initially
and then showed a stimulatory trend. After four
months, simazine reduced the nitrate-N content
whereas atrazine, prometryne and dalapon
increased it (Mozhaev 1981).

Hardly any report is available about any
intense adverse effect of herbicides on
nitrification in the field situation.
Reports

The effect of a herbicides on nitrification
process may also depend upon the soil factors,
formulation type and other agro-inputes.
Butachlor stimulated the rate of nitrification
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slightly at 30oC but the effect was not significant
o
at 15 C (Chen et al. 1981). Nitrification process
was stimulated by 2,4-D-sodium for 2 weeks in
a black cotton clay soil but for 1 week in a red
sandy clay loam soil; whereas, no stimulation in
nitrification was noticed in case of 2,4-D-ester
(Deshmukh and Shrikhande 1975). Although
nitrification was inhibited by higher dose of both
pure
glyphosate
and
its
commercial
formulations Roundup, pure glyphosate was
more inhibitory than Roundup (Carlisle and
Trevors 1986). The effect of metamitron and
dinoseb on nitrification was modified by the
nitrogen fertilization (lucerne meal, horn meal or
ammonium sulphate). In most cases inhibitions
of the nitrification by the herbicides occurred
only with horn meal or ammonium sulphate
(Malkomes 1987).
Denitrification
The microbial reduction of nitrate and
nitrite with the liberation of molecular nitrogen
and nitrous oxide is known as denitrification. It is
considered deleterious for the purpose of crop
production as it results in depletion of the soil`s
reserve of nitrogen. However, it is a beneficial
process where nitrate and nitrite toxicity is a
problem. A stimulatory effect on denitrification
under laboratory condition was observed with
EPTC for 2 weeks and monolinuron for 1 week
in the sandy loam soil, and with simazine and
tridiphane after 2 weeks in the organic soil (Tu
1996). Similarly, that the N2O evolution from
the soil anaerobic assay system indicates that
the herbicides 2,4-D, dicamba, glyphosate,
paraquat and picloram are non-toxic to
denitrifying microorganisms Pseudomonas spp.,
Achromobacter spp., Bacillus spp. and
Micrococcus spp. (Tu 1994).
The application of glyphosate, and the
subsequent death of a bromegrass and blue
grass sward, increased denitrification rate which
was attributed to increased soil moisture and
NO3 contents resulting from the death of
vegetation (Tenuta and Beauchamp 1996).
While no significant effect of glyphosate on
denitrification was observed in a forest soil
(Stratton and Stewart 1991). Activation of
denitrifying microorganisms was accompanied
by an intensive utilisation of nitrites by macroorganisms and also by increased importance of
nitrogen fixers - a possible indication of
subtropical-zone soils' capacity to maintain the
necessary biological balance for nitrogen
metabolism (Goguadze 1989).
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Nitrogen fixation
Nitrogen
fixation
by
symbiotic
organisms associated with legumes is of
immense importance through out the world.
Herbicides may affect symbiosis in different
ways: by reducing survival or growth of
Rhizobia; by inhibiting the nodulation process
either directly or indirectly by causing
abnormalities in plant growth and metabolism;
or by influencing nitrogen fixation.
The adverse impact of herbicides on
survival and growth of Rhizobia is observed
beyond a threshold concentration which
depends on the type and concentration of
herbicide used and also on the species/strain of
the Rhizobia studied.
Mostly the adverse
impact is recorded when the herbicide is added
in excess of field recommended rates. At field
rates of addition most herbicides are unlikely to
have much effect on rhizobial growth.
Kecskes et al. (1975) studied the effect
of 104 herbicides on 26 rhiziobial strains
isolated from 6 different species. Only two
herbicides, linuron and Hoe 2839, inhibited the
growth of more than 50% of the strains at field
rate of application. Differential growth inhibition
responses of several R. japonicum strains to
chlorpropham were reported by Kapusta and
Rouwenhorst (1973). Compared to the slow
growing strains, fast growing strains of
Rhizobium are relatively more resistant to
metribuzin, alachlor, prometryn, trifluralin and
metolachlor (Colo 1991). A similar trend was
observed between fast- and slow- growing
species in the presence of 2,4-D, 2,4-DB and
diuron (Kaszubiak 1966). However, no
relationship was found between paraquat
tolerance of a variety of fast- or slow- growing
Rhizobium spp. (Roslycky 1985).
Some
rhizobial strain may even have the capability of
degrading herbicide. A Rhizobium sp. strain,
named PATR, isolated from an agricultural soil
could actively degrade the herbicide atrazine
(Bouquard et al. 1997).
The effect of herbicides on nodulation in
legumes depends on both the herbicide used as
well as plant cultivar. The magnitude of effect
that the herbicide may exert on the nodulation in
soil free condition, are often not transferable to
field conditions. The impact of soil in reducing
the probable toxic effect on nodulation process
needs to be given consideration.
Some
herbicides may affect the proliferation (Murray
et al. 1979) or may induce morphological
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changes (Kust and Struckmeyer 1971, De Rosa
et al. 1978) in the root systems of legume,
thereby may affect the establishment of
symbiosis.
Silva et al. (1998) observed the
adverse effect of trifluralin, linuron and
imazaquin on cowpea nodulation at the earlier
stages of growth. Soybean did not show any
effect of metribuzin, acetochlor, metolachlor,
flumioxazin, trifluralin, imazaquin, imazethapyr
and chlorimuron-ethyl on N fixation at early
stage even though a tendency for less number
and dry weight of nodules was evident at the
latter growth stages (Gonzalez et al. 1999).
Greenfield (1991) did not observe any effect of
metolachlor or trifluralin on nodule number or
nodule mass in soybean.
Similarly, no
reduction in the levels of N2 fixation in soybean
due to metolachlor, alachlor, fluazifop butyl and
sethoxydim was reported by Kucey et al. (1988).
Sprout et al. (1992) concluded that the
detrimental effect of metribuzin on nodulation
and nitrogen fixation in lentil was mainly due to
direct effects on the plant, not on Rhizobium.
However, in some instances in spite of not
having any direct impact on either the rhizobial
growth or the host plant per se, a herbicide may
reduce nodulation by inhibiting infection ability
of the Rhizobium. R. trifolii grown in presence
atrazine, amitrole, or glyphosate showed a
reduction in the infection potential. Lesser
nodulation in sub-clover was recorded when
infected with the R. trifolii pre-exposed to these
herbicides than the unexposed inoculums
(Eberbach and Douglas 1989).
However,
Rhizobium spp. adapted to a particular
herbicide could exhibit equal symbiotic efficacy
as that of its parent strain. The number of
nodules formed in the host plants by the R.
trifolli, R. meliloti, R. leguminosarum, R.
phaseoli and R. japonicum strains adapted to
paraquat were similar to that formed by their
respective parent strains (Roslycky 1985).
Similar observation in respect to the Rhizobium
spp. adapted to dinoseb was reported by
Lindstrom et al. (1985).
Similar to symbiotic N fixation, it is not
possible to generalize the effect of herbicides on
free living N fixers. Piskorz (1998) reported
decrease in Azotobacter population in soil due
to glyphosate, fluazifop-P-butyl, haloxyfop,
quizalofop-P-ethyl,
sethoxydim,
atrazine,
cycloxydim and alloxydim application. Similar
inhibitory effect of alachlor and atrazine on
Azotobacter
number
was reported by
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Konstantinovic et al. (1999). While Martinez et
al. (1989, 1990) observed that A. chroococcum
can tolerate high concentration of metolachlor
without significant changes on their nitrogenase
activity.
Decomposition of organic matter
The breakdown of organic materials, a
process by which the limited supply of CO2
available for photosynthesis is replenished, is
the most important function of the soil microbial
flora. The prolonged use of simazine decreased
the populations of cellulose-decomposing
bacteria in field soil (Karpova et al. 1980).
Similarly,
aerobic
cellulose metabolizing
bacteria were severely affected by (propachlor +
atrazine) application (Dienes 1983). Cellulolytic
activity of Trichoderma viride was inhibited by
phenylcarbamates (SN38584, SN38210, IPC
and CIPC) in a loamy soil and in a sandy soil.
Some member of phenylcarbamates (SN38210,
IPC and CIPC) inhibited both production and
activity of cellulase, while some other member
(SN38584) inhibited enzyme production alone.
Whereas, the Phenoxyacetic acids, simazine
and paraquat had no effect on cellulolytic
activity of T. viride, even at high concentrations
(Ramanujam et al. 1978).
Glyphosate
decreased numbers of propagules of cellulolytic
fungi but either did not affect or stimulated
cellulolytic bacteria. Contrary to it, application of
paraquat to soil decreased numbers of
cellulolytic bacteria but increased propagules of
cellulolytic fungi (Grossbard and Wingfield
1978). These authors also noted that, unlike in
soil application, paraquat decreased numbers of
propagules of cellulolytic fungi when applied to
cellulose. Similarly, cellulose decomposition
was inhibited in cotton duck containing 13 and
176 mu g of paraquat/mg of material, in soil
containing a large population of cellulolytic
micro-organisms (Smith and Mayfield 1977).
The use of prometryne and trifluralin
over 7 years in a cotton field increased
cellulolytic activity in the soil by about 20%
whereas fluometuron showed no effect
(Tolkachev and Solyanova 1979). The long
term effect (13-14 years) of the spraying of
young
mixed
forests
with
2,4dichlorphenoxyacetobutylate at a rate of 4.5
kg/ha on moder-humic sod-podzolic soils
showed
a beneficial effect on cellulose
decomposition (Bliyev et al. 1978). Alachlor
tended to stimulate cellulose decomposition in a
sunflower field (Enkina and Vasil'-ev 1974).
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Application of linuron alone at 2 kg/ha
stimulated cellulose decomposition while 20
kg/ha was inhibitory, the effect of the low rate
had almost disappeared after 3 months and only
the high rate still showed some effect after 6
months (Miklaszewski 1975).
MCPA and dichlorprop did not affect the
decomposition of the wheat straw. However, the
decomposition of pure cellulose was retarded in
soils to which herbicides had been applied for a
number of years.
This retardation was
attributed to unfavourable nutrient conditions for
cellulolytic micro-organisms in weed-free soil
(Schroder 1979).
Phosphorus availability
Oxyfluorfen has been shown to
increase phosphorus availability in rhizosphere
soil (Das et al. 2003).
An increase in
phosphatase activity in rice soil by butachlor
was reported by Shukla (1997). Its application
significantly augmented the proliferation of
phosphate-solubilizing microorganisms in the
rhizosphere soil of wet-land rice, and there was
a significant positive correlation between the
population
of
phosphate
solubilizing
microorganisms and phosphate solubilizing
capacity in the soil (Debnath et al. 2002). Taiwo
and Oso (1997) reported the reduction in
phosphorus availability to plants following
application of atrazine and metolachlor.
Conclusion
Herbicides being toxic to plants
expectedly may exert some kind of impact on
other life forms in soil. However, such adverse
impacts are generally noted at relatively higher
concentrations and laboratory conditions. At
recommended rate and under field conditions
often a reversible change in the equilibrium of
the soil biota population is noticed for a very
short period of time. To effectively evaluate the
relative effects of different agricultural practices
in the long-term it is necessary to sample until
the ecosystem has achieved some degree of
equilibrium rather than monitoring only initial
cropping cycles. If herbicide application is to
remain a viable practice in sustainable farming
systems, evaluation of herbicide effects,
especially from repeated and long-term use, is
essential to ensure optimum nutrient availability
and plant growth. The information available so
far from long-term experiments, although it is
very meager compared to the vast array of
reports made on the basis of short-term
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

experiments, do not indicate any severe impact
of herbicide application at field rate on overall
soil organisms and fertility.
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Role of GIS and Remote Sensing on Sustainable Crop Productivity
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Department of Soil and Water Engineering
College of Agricultural Engineering
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Introduction
The sustainability of crop productivity
has become a matter of primary concern for one
and all considering the explosive growth of
world’s population, depletion of natural
resources at a very fast pace combined with all
round degradation of environment. With a large
part of world’s population inhabiting the rural
areas amidst insufficient financial resources and
infra-structural facilities, it is very important that
all available technologies including that of
Remote Sensing (RS) and Geographic
Information System (GIS) are utilized for
Socioeconomic as well as environmental
development in such areas.
Remarkable progress has been made in
utilizing remote sensing data to describe, study,
monitor and model the earth’s surface and
interior. Improvement in sensor technology
especially in the spatial, spectral, radio metric
and temporal resolution have enabled the
scientific community to operationalize the
methodology. Geological, geo-morphological ,
soil resources, land use/land cover, urban
sprawl, forest cover, surface water mapping,
crop acreage and production estimates,
identification of ground water potential zones,
generation of derivative maps like land
irrigability, land capability from soil resources
maps and command area monitoring, have
been operationalized. The production and
productivity of irrigated and rain fed areas have
different nature of problems and threat to
sustainability and thus seen from different
angle.
Productivity in irrigated agriculture:
Irrigated agriculture, though, limited to
about 30% of the gross cropped area,
contributes more than half of the total
agricultural production. Irrigation potential has
to be increased from present level of 68 M ha to
113.5 M ha as ultimate irrigation potential. The
operating irrigation efficiencies are limiting to 25
to 30% and hence there is a wide gap between
potential created and utilized. The water use
efficiency need to be improved through
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

utilization of water resources. The national and
international organisations are working to
increase production through irrigated and
rainfed agriculture to find alternate ways of
increasing water use efficiency.
Scientific
management of water resources in rainfed and
irrigated areas is the only key to make the
agriculture productive and competitive which
can be successfully be achieved through latest
satellite based technology.
There is a need of preciseness,
timeliness, appropriateness, quality, cost
effectiveness and competitiveness, The basic
questions to be answered are resources
available namely Soil, Water, Plant, Fertilizers,
pesticides, Present Land utilization and Future
Prospects as Cultivation, Forest, Wasteland,
wetlands, water etc , Crops grown and Possible
changes in Land capability, Soil irrigability, soil,
slop, Fertility, Water availability, Water table,
Geology, Public requirements etc.
Processing of inputs is to undertaken by
experienced person or expert who are having
limited knowledge. Manual processing is time
consuming, costly and causes delayed results.
Computer based expert system with non spatial
output and results, GIS based DSS, Spatial
analysis and RS and GIS based system of
spatial input and output helps in improving this
situation.
Unmonitored
and
unscientific
management of
resources creates many
problems like water table rise, formation of
waterlogged areas and salty lands, reduced
yields and some times unproductive lands. In
areas where ground water is being exploited
unscientifically water table is depleting fast and
going out of economic reach of the farmers.
Water goes waste on the other hand in form of
runoff in streams and rives and create floods.
The main problems in managing this precious
resource is its vast size, wide variability, location
specific existence and use.
GIS finds very useful applications in
water resources engineering, since nearly
all resources data are spatial, apply to some
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location on earth. GIS provides the engineers
with a richer data model than traditional tabular
data structures. Some examples are automated
update of an irrigated land, canal flow
networking, crop inventory, wells, terrain
features, and surface hydrological modeling.
Significant research has been done
to evaluate the usefulness of satellite remote
sensing techniques for irrigated command
inventory.
The information on crop types,
acreage, their condition, land utilization pattern,
problem
agricultural
lands,
surface
water bodies, derived from satellite remote
sensing data has been advantageously used in
evaluation irrigation system operating in the
command area.
Many irrigation projects have come
up in central India. The water use efficiency
and utilization of potential generated in these
projects is still low. Several irrigation projects
are experiencing water logging problems.
Identification and reclamation of water logged
area in the command takes years. Command
area needs continuous monitoring for
planning preventive measures for such
problems.
Productivity in rain fed agriculture:
Use of satellite data has been
demonstrated by few workers for drought
monitoring and water stress detection. Seventy
percent of the cropped area is still under rainfed
agriculture, contributing more than 90 percent of
oil seed and pulse production of the country.
The agricultural production of rainfed area
is still severely affected by vagaries of
monsoon.To achieve sustainable production
rain water harvesting and its management
is of prime importance in rainfed farming.
Selection of sites for water harvesting structures
needs basic information on land use, soil
type, topography, geomorphology, rainfall
etc. and other related parameters varying with
time and space.
Traditional techniques of generation of
this information is time consuming and
expensive. Such information can be generated
using GIS and RS technology and shall be cost
effective and time saving.

socio-economical activities take place in these
areas. Examples of such activities are urban
development, agriculture, shipping, harbor
development, fisheries, oil and gas production
waste disposal and nature conservation.
Remote Sensing and GIS were found effective
in preparing and maintaining database and
carrying out analysis related to natural resource
management. Attempt should be made to build
a micro level database using Remote Sensing
and GIS technology. This will be a significant
step towards the site selection studies in
watershed
management.
Geographic
information can be very useful in integrating,
modeling, and visualizing different types of data.
Over the past years the advancement in
Remote Sensing technology with the advent of
Geographical Information System (GIS) made it
possible for integrated study of the multiple
themes to drive the required information in the
desired format. Remotely sensed data can be
utilized to provide information on space in a
hydrological unit. Indeed the ability to provide
synoptic coverage, while at the same time to
permit point definition, is in of the major asset of
remotely sensed data in hydrological studies.
Repetitive data gathering capability, processing,
and computer compatibility of data analysis and
generation of thematic maps, statistics and area
table are some of the other important tools
provided with remote sensing data.
While, the remote sensing data is
operationally being utilized for mapping
resources, the need-ahead towards integrating
these resource maps with other resource
information for generating action plan for a
particular activity. The data integration means
combining data of different types into a single
set, which will give more information, compared
to the original data set is done through GIS. It
serves as an efficient system of compilation,
classification, storage, synthesis, analysis or
retrieval of relevant information of spatial and
non-spatial origin.
Water Resources:

The management of natural resources
has become a complex task as more and more

Water is an important natural resource
of the earth and plays a vital role in every
aspect of life. With increasing demand on water
by growing world population, it has become
necessary for the mankind to look for additional
sources, as well as to conserve the available
resources. Though serious efforts have been
made all over the world to cover more and more
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areas under irrigation, a major portion of
cultivated area still depends on rainfall. One
way of strengthening the tradition of rainwater
harvesting is to make it more reliable against
the frequent shortage of water. Water
harvesting was defined as the practice of
collecting water from an area treated to increase
runoff from rainfall for beneficial use but now a
days it has become a general term for collecting
and storing of precipitation and runoff resulting
from rainfall or snowmelt in soil profile and
reservoirs. Earlier rainwater harvesting was
used for arid and semi-arid areas, but recently
their use has been extended to sub-humid and
humid regions too.
Water harvesting Structures:
Integration
of
remote
sensing
technology and Geographic Information System
techniques with other resource data provides a
reliable, accurate and up-to-date data-base on
land and water resources. The techniques of RS
and GIS in generating thematic maps,
assessment and monitoring of Agricultural
draught and irrigation management is a boom to
improve the water use efficiency.
The
information on these thematic maps shall also
be utilized for interpretation regarding selection
of sites for water harvesting structures in order
to increase ground water recharge and surface
storage.
Water harvesting techniques are used
for augmenting the water quantity in soil profile
and also to reduce the runoff at downstream
end. The structures help not only to conserve
water in the upstream side when water is plenty
(i.e. during monsoon) but also will increase the
water holding capacity of soil profile. Conserving
the soil from being eroding away and reaching
the reservoir as silt, is another major advantage
of water harvesting structures. Some such
harvesting structures include farm ponds, minor
irrigation tanks, check dams, bundhis, nala
bunds etc. Selection of a suitable site for
erecting these structures requires considerable
skill, innovation, effort and expenditure in
addition to an update database terrain
conditions.
Spectral Responses and Yields of Rabi crop
in Jabalpur region
Prediction
closely related to
crop species and
such as maturity,

and estimation of yield is
the capability of identifying
certain agronomic variables
density, vigor, and disease
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which can be used as yield indicators. Yield is
influenced by a large number of factors such as
crop genotype, soil characteristics, cultural
practices, weather conditions and biotic
influences, such as weeds, diseases and pests.
Two approaches adopted for yield modeling
using remotely sensed data, firstly is remotely
sensed data or derived parameters that are
directly related to yield, and the others
is remotely sensed data that are used to
estimate some of the biometrics parameters,
which in turn are input parameters to a yield
model.
Remote
sensing
has
become
increasingly recognized as potential tools for
growth monitoring and yield estimation. In the
last few years, attention has been paid towards
using satellite remote sensing data in crop
estimation surveys, in view of its advantages
over traditional procedures in terms of cost
effectiveness and timeliness in the availability
of information over larger areas.
The remote sensing parameters
estimates yield through spectral responses of
various crops using hand held spectral
radiometer and verify the same with that
of obtained through crop cutting experiments
near Jabalpur in M.P. in India. NDVI and
other spectral indices are used to relate the
remote sensing data to that of yield data.
Spectral profile for the entire season was used
to get appropriate model for yield prediction.
The adaptability of yield model developed
with 2008-09 Rabi data to predict the yield
in different years has been discussed.
NDVI Based Parameters:
Normalized Difference Vegetation Index
(NDVI) distribution over the area gives
an
idea of the vigour of vegetation and its
variation with respect to space. Accordingly
Wheat Area Intensity (WAI), Equivalent Wheat
Area Intensity (EWAI), Irrigation Intensity (II),
Normalized Difference Vegetation Index (NDVI),
coefficient of NDVI (CVNDVI) and Tail Head
Ratio of NDVI (THRNDVI) were selected for
Evaluation of the project. In order to evaluate
these parameters information available was
converted to different thematic maps. These
maps were then integrated on GIS platform to
derive the required parameter.
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Irrigation Performance Descriptors
S.
No.

Descriptors

Definition

1

Wheat Area
Intensity (WAI)

Irrigated
Wheat
Cultivable Area

2

Equivalent Wheat
Area Intensity
(EWAI)

Total
irrigated
area
converted
to
equivalent
wheat area / Cultivable area

1 ha of non-wheat area = 0.6 ha of wheat area based
on crop water consumptive. EWAI is a surrogate for
total water consumption. An increasing trend of EWAI
over time represents possible augmentation of
additional water

3

Irrigation Intensity
(II)

Irrigated Area/ Cultivable
Area

Increasing trend in II indicators additional water
supply available for crop production and / or cropping
pattern change with less water -consuming crops.

4

Normalized
Difference
Vegetation Index
(NDVI)

Remarks
Area/

r0(infrared) – r0(red)

Extent of wheat crop and its increasing trend over
time is related to the availability of sufficient good
quality water from a canal and wells

High NDVI represents good crop condition and hence
better productivity.

r0(infrared) + r0(red)

5

Coefficient of
Variation of NDVI
(CV NDVI)

N
√ ∑ (NDVIi – NDVImean)2
i=1
n
NDVImean

6

Tail-Head Ratio of
NDVI (THRNDVI)

Average NDVI of Tail-reach
area / Average NDVI of
Head-reach area.

Reflect the variability in crop condition.

Reflects the equity of irrigation service

The satellite data of LISS-III consists of
four bands; band2, band3, band4 and band5
namely Green (0.52 – 0.59 µm), Red (0.62 –
0.68 µm), Near Infrared (NIR) (0.77 – 0.86 µm)
and Short Wave Infrared (SWIR) (1.55 1.70 µm)
respectively.

Classified NDVI Map of Early Sown
Wheat Area of the Study Area in
different reaches
Classified Map of the Study Area
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Variation of NDVI with Crops.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

246

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


Crop Yield Estimation
Remote sensing techniques and GIS
have been utilized successfully in certain areas
of application, including agriculture and related
fields, especially in the developed countries
where agricultural patterns were well-defined
and methodologies developed. Proper and
effective
management
decisions
which
ultimately led to economic gain and
environmentally ground farming decision seems
to be the results of Precision Agriculture
Practices. The areas of applications in
agriculture have been the identification or
classification of crops, inventory of crop
acreage, forecasting of crop yield, soil survey,
design and operation of irrigation projects, and
assessment of flood damage. Remote sensing
data can be used to map and quantify crop
responses to variable soil and weather
conditions and farm management. Global
Positioning System (GPS) for positioning and
navigation in the field and GIS is required for the
computation of geo-coded field data. Precision
farming requires accurate maps of plant
nutrients in the soil within fields. GIS is a great
tool to rapidly demonstrate or to communicate
research results to user in a user-friendly form.
Regional scale crop water requirement
The land use and crop condition vary
from field to field, thus affecting crop coefficient
and thus ET rates. It is well known that
reflectance of Earth surface largely depends
upon amount of biomass, crop type,
development stage, ground coverage. The
knowledge of these parameters - together with
ground based meteorological data - allows for
the estimate of crop water requirements and
their spatial distribution. Recent research has
shown the possibility of using multispectral
satellite images in combination with other
information for mapping crop coefficients in
irrigated areas. This approach is based on the
assumption that crop coefficients (Kc) are
greatly influenced by canopy development and
vegetation fractional ground cover; since these
parameters directly affect the reflectance of
cropped areas. Hence based on the hypothesis
that factors affecting vegetation indices are the
same as those influencing Kc, it is possible to
establish a correlation between multispectral
measurements of canopies reflectance and the
corresponding Kc values. Over the last decade,
various researchers have shown usefulness of

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

remotely sensed vegetation indices (NDVI or
SAVI) to represent crop coefficient.
Furthermore, climate data used to measure
ET0 in conventional methods are spatially
variable and thus does not represent
meteorological conditions over space .Satellite
remote sensing estimates of downward solar
radiation from GOES can be used in so called
MakkinK equation to yield daily estimates of
reference evapotranspiration or potential
evapotranspiration. The geospatial techniques
from Geographical information System (GIS)
such as kriging, spline and inverse distance
interpolation techniques can also be applied to
obtain
spatially
distributed
reference
evapotranspiration
Remote sensing of crop coefficients
Two different approaches may be applied:
(1)

Derivation of empirical relationship
between observed field based crop
coefficients and vegetation indices from
multi-date multispectral images

(2)

Use of analytical relationships between
the
surface reflectance and the
corresponding values of vegetation
parameters, i.e., the leaf area index, the
albedo and the surface roughness,
needed for the calculation of the potential
evapotranspiration

Use of canopy reflectance based Kc in crop
water requirement
Mathematically crop water requirement
(CWR) can be expressed as (Doorenbos and
Pruit, 1977),
m
CWR =  EToi * KCi ..........(2)
i=e

Where, ETo is reference evapo
transpiration (some times called as potential
evapotranspiration) which cane be estimated
from meteorological variables; Kc is remotely
sensed crop coefficient which varies for different
crops and their growth stages. i is various
growth stages. Ray et al.. (1998) developed an
approach to estimate seasonal crop water
requirement using mult-date IRS – IC WiFS
data and GIS tools. The steps followed are as
under,
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o

Georeferencing of temporal satellite data

o

Atmospheric normalization

o

Based on the knowledge of spectral growth
profile, hierachical classification approach
can be used for classifying land use/ land
cover types.

o

Generation of crop coefficient map by
using empirically developed relation (Kc =
A + B*SAVI) based on lysimetric
measurements and satellite derived SAVI.

o

The point data of ETo is interpolated using
inverse distance approach

Crop Discrimination
Spectral curve for healthy green
vegetation almost always manifest the peak and
valley configuration. The valleys in the visible
portion of the spectrum are dictated by the
pigments in plant leaves. Chlorophyll, for
example, strongly absorb energy in the
wavelength bands centered at about 0.45 and
0.67
m. Hence, our eyes observe healthy
vegetation as green in color because of the very
high absorption of blue and red energy by plant
leaves and the high reflection of green energy.
The chlorophyll plant features a typical spectral
reflectance the general aspect of which, for a
healthy plant, in the range from 0.4 to 2.6 m.
High absorptance in the ultra violet and the
blue, reduced in the green, high in red, and very
low in near infrared. The very abrupt increase in
reflectance of near 0.7 m and the fairly abrupt
decrease near 1.5
m are present for all
mature, healthy green leave. Difference kind of
crop plantations and either difference stages of
growth in one crop plantation, will be difference
reflection in image performance due to
difference in spectral reflectance. Figure 1
shows spectral reflectance curves for different
types of vegetation.
If a homogenous canopy is considered,
a commonly used description starts with the
assumption of random spatial leaf distribution
and of random leaf orientation distribution in
relation to the azimuth. The leaf density as
canopy structure parameter is closely related
with the total one-side leaf area per-unit of soil
area: the leaf area index (LAI). The LAI is equal
to the product of the average area of leaf
elements and their volume density. Leaf

biomass for most crop is highly correlated with
the LAI. Change of LAI during vegetative stages
of crops is closely related with growth. Increase
ages of crop influence increase of biomass, due
to increase of height, brunches and leafs of the
crop (Figure 3). Based on the relationship
between the backscattering coefficient, as
measured using data set of four European
Remote Sensing Satellite (ERS) acquisitions
and the rice high and biomass, it is possible to
derive a map of the rice fields at different
heights and/or different levels of biomass. Since
1956, Colwell first demonstrated that infrared
aerial photography could be used to differentiate
healthy and rust-infected small grain. Several
other investigations have shown that many crop
diseases and other stress can be detected from
remotely sensed spectral measurements
(Nualchawee, 1984).
Green vegetation reflectance is low for
visible bands (particularly red), with a sharp
increase in reflectance in the near infrared
portion of the spectrum. Reflectance is low in
the mid-infrared regions associated with water
absorption. Physical vegetation properties vary
with plant species, environmental stress, and
phenology. Pigmentation and moisture content
change as a plant senesces. A loss of
chlorophyll pigmentation produces higher visible
reflectance, particularly in red region of the
spectrum. Identification of healthy and diseased
sugar beets (affected by nematodes) were
accurately possible and different degrees of
infestation have also been distinguished.
Several other studies have proved the feasibility
of applying remote sensing to disease detection,
mainly for forestry crops. Spectral reflectivity of
percentage of damage leaf areas 87.6 % in near
infrared range, was lower by 55 % than spectral
reflectivity of in test leaf.
The information will be important for an
early planning replanting costs and identifying
potential problem areas. Differences of color in
the image, indicate difference performance of
crop, as vigour, ages of crop and homogeneties
growth of plant. In the same age of crop, red
colors indicate better vigor and healthy than
blue colors.
Compared to traditional methods, such
as experimental harvests and other types of
point observations in the field, remote sensing
has clear additional values such as the nondestructive collecting crop date, it supplies a full
spatial cover, and relatively low cost, especially
if compared to laborious field sampling. When
applied on large scale and using standardized,
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commercially viable sensors, cost can be
reduced significantly.
Yield Estimation
Prediction and estimation of yield is
closely related to the capability of identifying
crop species and certain agronomic variables
such as maturity, density, vigor, and disease
which can be used as yield indicators. The use
of remotely sensed data in crop acreage
estimation has been demonstrated by various
researchers in different parts of the world.
Satellite data are complementary to data from
GIS, Global Positioning System (GPS), yields
monitor, and penciled notes on the back of
envelopes. Data from all sources should be
brought together to give the grower the best
opportunity to maximize yield and quality.
Yield is influenced by a large number of
factors such as crop genotype, soil
characteristics, cultural practices, weather
conditions and biotic influences, such as weeds,
diseases and pests. Two approaches adopted
for yield modeling using remotely sensed data,
firstly is remotely sensed data or derived
parameters that are directly related to yield, and
the others is remotely sensed data that are used
to estimate some of the biometrics parameters,
which in turn are input parameters to a yield
model. Geographic information system can
handle, manipulate and analyze data from
different sources and coordinate systems,
scales and formats.
Remote sensing and crop growth
simulation models have become increasingly
recognized as potential tools for growth
monitoring and yield estimation. In the last few
years, attention has been paid towards using
satellite remote sensing data in crop estimation
surveys, in view of its advantages over
traditional procedures in terms of cost
effectiveness and timeliness in the availability of
information over larger areas. The existing
procedures derive post-harvest yield estimates
through crop cutting experiments (CCE) over
large administrative units such as a district.
The validity of crop yield models with
satellite
derived
normalized
difference
vegetation index (NDVI) is determined by the
strength of association between the two
variables including in the model. Hence, it is
essential to understand the correlation existing
between yield and NDVI at different
phonological stages of the crop for selecting an
appropriate date of pass to include in the model
(Table 2)
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Table 1. Validity of yield estimates in 1993-1994
Rabi Season (Murthy et al. 1994).

Plot

1
2
3
4
5
6
7
8
9

Estimated
Yield
(kg/ha)
4,922
5,345
5,001
5,852
4,669
4,796
5,852
5,809
5,598

Actual
Yield
(kg/ha)
4,810
5,195
5,421
6,471
4,949
4,757
6,032
6,331
5,456

% dev.
From act.
Yield
2.33
2.89
7.75
9.75
5.66
0.82
2.98
8.25
2.60

Table 2. Correlation between yield and NDVI at
different stages of paddy crop over
CCE plots (Murthy et al. 1995)
No. Date of
satellite
overpass

Approx.
Correlation
phenological between
stage
yield and
NDVI
1 05-04-93
Panical
0.59
initiation
heading
2 16-04-93
Panical
0.85
initiation
heading
3 27-04-93
Heading
0.94
4 08-05-93
Ripening
0.44
5 Time
Just before
0.88
composited heading or
VI
heading
The correlation coefficients were found
to be statistically significant with the NDVI of
April 16th and April 27th which represent
towards a heading phase of standing paddy
crop. The correlation become weaker with NDVI
moving away from heading i.e., at panicle
initiation and ripening. It is appropriate to select
the satellite data representing either a heading
or just before heading phase. However, in
practice, a single date may not represent the
same physiological process all over the study
area due to differential crop calendars adopted
by farmers. As a process result, the coefficient
correlation is not applicable to the entire study
area. In general, such problems can be
overcome through time composition of multidate satellite data representation. The NDVI
values obtain from a combination bands 3 and 4
of the Landsat-5 TM showed better correlation
with yield as compared to the RVI values
obtained from the combination of bands 3 and 4
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and combination of bands 3 and 5. NDVI is the
ratio between the difference in the infrared and
red bands and the sum of these bands, i.e..

YIELD (kg/ha) = 34.30 x (NDVIsat - 0.1836) 237.85
The average yield in the study area has
been found to be about 6,750 kg/ha by using
the equation above. However, the yield data
from the Department of Agriculture indicated an
approximate value of 5,175 kg/ha for the same
year.
During the mid 1960s, Mark Systems
Inc. developed techniques for forecasting the
yield of wheat, rice and sugar cane using high
altitude aerial photography. Their technique is to
acquire historical yield data and information
about crop phenology, local agronomic
conditions, and climatological conditions, and
then subtract yield reducing such as disease,
low crop density due to moisture or nutrient
deficiencies, or lodging. Using Landsat time
series coverage, Earth Satellite Corp.
developed a production model for spring wheat.
In Williams Country, North Dakota test area, the
production estimates for a sample of 42 fields
and for the whole test site were corrected to
within 0.1 % and 6.2 %, respectively. The use of
satellite remote sensing data for agriculture crop
(mainly wheat and rice) studies at the regional
level has been under investigation in India since
1986.
Paddy accounts for more than 40 % of
the total annual food grain production in India.
Digital supervised classification of Landsat MSS
data has been used for the identification and
district level acreage estimation of kharif paddy.
A two stage stratified sampling approach and
supervised digital classification of Landsat MSS,
Landsat TM, and IRS LISS-I data gave better
estimates of paddy crop acreage in large study
areas such as a group of districts or state.
Various
studies
using
ground
based
experiments have shown a good relationship
between crop yield and spectral vegetation
indices. Spectral vegetation indices (SVIs) are
normally derived by taking into ratio or

normalized difference of the reflectance in the
near infrared and visible red bands of linear
band combination. Digital analysis for paddy
acreage estimation consisted of three major
steps as district boundary mask generation,
training signature generation, and supervised
maximum likelihood classification. The district
boundary was first traced from a topographic
maps. After digitizing ground control points
(GCPs), their latitude and longitude coordinate
were obtained. Image coordinates of the GCPs,
along with latitudes and longitudes (map
coordinates) were used to obtain the second
order map image affine transformation. The
districts boundary was then digitized to obtain
the latitude and longitude of each vertex of
polygon. This boundary was later overlaid on an
image, which was then classified to get the
district crop acreage. Ground truth sites for
paddy and other classes like scrub, barren land,
plantation/forest, fallow land and water bodies
were identified from the image displayed on a
Pericolour monitor, with help of ground truth
information.
The experiment established that the
technology developed for large area crop
inventory experiment (LACIE) met the
performance goals for wheat production
inventory. LACIE was mainly to demonstrate the
feasibility of applying space borned remote
sensing techniques for harvest yield production
of wheat in USA. Landsat data of sample plots
were evaluated in combination with historical
yield statistics and current weather data. Hence,
the great plant of the US were subdivided into
12 zones and yield prediction model was
developed for each of these zones. The results
were found to meet the 90/90 criterion,
that means an accuracy of 90 % of the harvest
yield was achieved in 9 out of 10 years with
the one exception of 1974, which was a
very dry year.
FASAL: An integrated approach to crop
assessment and crop production
Regular
interaction
between
Department of Space (DOS) and Ministry of
Agriculture resulted in the realization that crop
forecasts are needed very early in the season
and regular updates with the progress of the
crop season, so that the information can be
used effectively. Thus the requirement of
multiple in-season forecast of crops has
emerged. FASAL (Forecasting Agricultural
output using Space, Agrometeorology and Land
based observations) has been conceptualized
to meet this requirement.
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NDVI = (IR - RED)/ (IR + RED)
The infrared bands used are band 4
(0.76-0.9
m) and band 5 (1.55-1.75
m),
whilst the red band is band 3 (0.63-0.69 m) of
the Landsat-5 TM data. The paddy yield
estimate using the NDVI gave 30 % higher
estimate of yield when compared to the field
estimates. The yield estimation from satellite
data
can
be
calculated
as
follows:
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Non-Linear Model Applied in Agriculture
R.B. Singh
Principal Scientist
Department of Mathematics and Statistics
Jawaharlal Nehru Krishi Vishwa Vidyalaya
Jabalpur -482 004
Logistic Model
Let x (t) denote the variable under study
like production or productivity or area of wheat
at time t. also, let A (>0) denote the intrinsic
growth rate and C the carrying capacity of the
environment. Then this model is represented by
X (t) = C / [1+B exp (-At)]
Where B = [C-X (0)] / X (0) and X (0) is the
value of X (t) at t = 0.
Gompertz Model
Gompertz model is another
growth model. It is represented by

sigmoid

X (t) = C exp [-B exp (-At)].
Monomolecular model
This model describes the progress of a
growth situation in which it is believed that the
rate of growth at a particular time t is directly
proportional to the amount of growth yet to be
achieved. This model is represented by the
equation
X (t) = C- (C-B) exp (-At)
Richard’s model
Like mixed influence model, Richards
model is also a four-parameter Growth model. It
is proposed by Richards (1959) and is
represented by
X (t) = C / [{1±B exp (-At)}
D

D

1/D

]

D

Where, B = [{C -X (0)}/X (0)] is the constant
of integration. The upper sign within the
brackets is applicable when D is positive and
the lower sign when D lies in the Range 1≤D<0. Richards model is a generalization of
logistic (when D = 1), Gompertz (when D = 0),
and monomolecular (when D = -1) models.
The most widely used method of
computing nonlinear least squares estimates is
Levenberg-Marquadt algorithm (Levenberg,
1944, Marquadt, 1963). This method represents
a compromise between the linearization (i.e.
Taylor series) method and the gradient (i.e.
steepest descent) method and combines
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successfully the best features of both and
avoids the series
Examination of Residuals
Having fitted the nonlinear statistical
model, the next important step is to see whether
the assumptions made regarding the error term
are valid or not. This is being done by
examining residuals. The residuals are defined
as the difference between the observed value X
(t) and the fitted value X (t). It is evident from the
definition that residuals are the differences
between what actually observed, and what the
fitted model i.e. the amount which is
unexplained by the model predicts. If our fitted
model is correct, the residuals should exhibit
denial of the assumptions.
Test for Randomness of Residuals
We want to test whether the successive
observations are random are not. To this end,
we examine residuals. Replace a residual by “+”
or “-“sign according as it is positive or negative.
Let n1 be the number of pluses and n2 is the
number of minuses in the series of residuals.
The test is based on the number of runs (r);
where a run is define as a sequence of symbols
of one kind separated by symbols of another
kind (Siegel and Castellan, 1988). We test the
null hypothesis
H0: the test of residuals is random,
against
H1: the test of residuals is not random.
The required statistical test is the one
sample run test. The mean and variance of the
sampling distribution of r, the number of runs, is
given by
Mean (µ) = [2n1n2 / (n1+n 2)] +1
and
2

Variance (σ ) [2n1n2 (2n1n2-n 1-n2)] / [(n1+n2)
2
(n 1+n2-1)]
Therefore, for large samples, the required test
statistic is
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(iii) Mean absolute error (MAE)

Z = [r+h- (2n1n 2/n)-1] /
2

√ [{ 2n1n2 ( 2n1n2-n 1-n2)} / {( n1+n2 ) ( n 1+n2-1)}]

The MAE is defined as
RMSE = Σ |X – X / n

Where,
h = 0.5 if r < 2n1n2 / n+1

The smaller the value of MAE the better
is the model.

and
h = -0.5 if r > 2n1n2 / n+1
Since H1 does not predict the direction
of the deviation from randomness, a two-tailed
rejection region is used. Thus H0 is rejected at
level of significance α if
│Z│>Z α/2
Where
Z α= P (Z>Z α) = α
3.6 Goodness of Fit of Nonlinear Statistical
Models
An important question that arises when a
modeler wants to develop model empirically is
that of how a specified model fits the given data
set. A lot of studies have been conducted for
investigating whether a proposed model
provides a good description of the data. The
widely used method is based on examination of
residuals. The usual modeling situation is that a
model is adopted because some theory and / or
empirical evidence from the use of that model
over many data sets indicate that model is
appropriate (Ratkowsky, 1983).
2

(i) Coefficient of Determination (R )
The goodness of fit is examined by using
2
the coefficient of determination (R ). Kvalseth
(1985) examined the different forms of R2
available in the literature. Eight different forms
2
of R have been mentioned in his paper. One of
the main conclusions of the paper is that
2

R1 = 1- Residual SS / Corrected SS

(3.6.1)

2

values of this R is well defined with end points
corresponding to perfect fit and complete lack of
fit, such as 0 ≤ R2 ≤ 1, where R 2 = 1
2
corresponds to perfect fit and R ≥ 1 for any
reasonable model specification. For nonlinear
statistical models its value can be negative, if
the selected model fits worse than the mean
(Kvalseth, 1985).
(ii) Root means squared errors (RMSE)
The RMSE is defined as
2

RMSE= [Σ (X - X) / n] ½

(3.6.3)

(2)

The smaller the value of RMSE the better is the
model.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

(iv) Mean Squared Error (MSE)
The MSE is defined as
MSE = Σ (X - X) 2 / (n – p)
In equation (2) through (4) the
summation is over all the observed values, n
denote the total number of observed values and
p denotes the number of model parameters.
Ratkowsky (1990) mentioned that MSE is the
best goodness of fit statistic as it explicitly
considers number of parameters in the
definition.
(v) Correlation coefficient between observed
and predicted values [r(X,)]
It is the simple product moment
correlation coefficient between observed and
predicted values. The greater the value the
better is the model.
Examples
Various nonlinear statistical models
Logistic,
Gompertz,
Monomolecular
and
Richards are considered for modeling Total area
under wheat in state of Madhya Pradesh as
shown in table 4.1.In all the four models Logistic
and Gompertz fit very well to the data set than
the other models, The best fit model is
Gompertz, followed by Logistic model for the
data set. The other two models show the higher
values of RMSE, MSE, MAE, parameter values,
hence we discard Monomolecular and Richards
in comparison of three parameter models that is
Logistic and Gompertz. The coefficient of
determination is maximum with comparison of
various goodness of fit of statistic R2, RMSE,
MSE, MAE, and r (X, X). So the best is
Gompertz followed by logistics. The difference
between the statistic of goodness of fit of these
models is very negligible. There fore there is no
difference among these models, so we can
consider any one of the two models that is
Gompertz and logistic as an illustration graphs
of fitted logistic, Gompertz, monomolecular, and
Richards. Models are represented in Figure
1(a),.1(b),.1(c), and 1(d). It is clear from the
graphs that those two models out of four
described data set equally well.
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Table 1: Results of fitting various models to the data sets regarding total
hectares) crop during 1984-85 to 2008-2009.

area under wheat (in million

Constants
A
B

Logistic
0.034
0.32

Gompertz
0.026
0.31

Monomolecular
0.0060
0.35

Richards
0.0056
246.43

C

4702.11

4873.07

7605.60

-88

2953453.22

2981421.74

0.074
3010503.19

Logistic

Gompertz

Mono molecular

Richards

No. of Runs

6

6

6

6

Z

-2.021

-2.021

-2.021

-2.021

Logistic

Gompertz

Monomolecular

Richards

R

.905

.906

.910

.905

RMSE
MSE

343.47

343.71

345.49

347.01

134066.5

134247.7

135519.5

143357.4

MAE

256.00

256.77

258.93

260.40

0.434

0.435

0.426

0.418

D
RSS

2949444.45

Examination of Residuals

Goodness of fit statistic

2

( X, X)

Figure 1(a): Graph of fitted Logistic model to
total area under Wheat crop for
the state of Madhya Pradesh.
Observed

Figure 1(b): Graph of fitted Gompertz model to
total area under Wheat crop for
the state of Madhya Pradesh.
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Figure 1(c): Graph of fitted Monomolecular
model to total area under Wheat
crop for the state of Madhya
Pradesh.
Observed

Estimated
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Figure 1(d): Graph of fitted Richards’s model to
total area under Wheat crop for
the state of Madhya Pradesh.

For Production
For forecasting the production with
respect to time all the four said nonlinear
statistical models namely, logistic, Gompertz,
Monomolecular and Richards are considered for
modeling total wheat production in the state of
Madhya Pradesh as shown in table 3.2.In all the
four models, only logistic and Gompertz fit very
well to data sets. The other one model show the
negative parameter values, hence we discard
which Richards and other one Monomolecular
does not fit the data set hence we discard these
two models. The logistic model it has least RSS,
2
maximum R , minimum RMSE, MSE, MAE and
it has highest correlation coefficient than the
other three models Gompertz, Monomolecular
and Richards. Hence we can say that the
logistic is the best fitted model for the production
of wheat in Madhya Pradesh, which can be
illustrated with the help of graphs fitted for
logistic,
Gompertz,
Monomolecular
and
Richards as shown in figure 4.2(a), 4.2(b),
4.2(c), 4.2(d).It is clear from the graph that only
logistic model fits very well for the data of
production of wheat in Madhya Pradesh and
followed by Gompertz
Examination of Residuals

No.
of
Runs
Z

Log
istic
11

Gompe
rtz
8

Monomolec
ular
8

Richar
ds
8

0.01

-1.109

-1.109

-1.109

Table4.2 Results of fitting various models to Madhya Pradesh wheat production data (in million tones)
during 1984-85 to 2008-2009.
Constants

Logistic

Gompertz

Monomolecular

Richards

A

0.22

0.17

0.25

0.19

B

1.29

0.85

0.41

44.24

C

7075.03

7178.16

11361.84

-20

D
RSS

0.383
21870699.80

22222753.32
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259595570.03

29220407.88
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Figure 4.2(a): Graph of fitted Logistic model to
Wheat production data for the
state of Madhya Pradesh.
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Figure 4.2(d): Graph of fitted Richards model to
Wheatproduction data for the
state of Madhya Pradesh.
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Figure 4.2(b): Graph of fitted Gompertz model
to Wheat production data for
the state of Madhya Pradesh.
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Figure 4.2(c): Graph of fitted Monomolecular
model to Wheat production data
for the state of Madhya
Pradesh.
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The appropriate model for the
productivity was also investigated. In case of
productivity nonlinear statistical models namely,
Logistic,
Gompertz,
Monomolecular
and
Richards are considered for modeling for total
wheat productivity in the state of Madhya
Pradesh as shown in table 3.2.In all the four
models, only logistic fits very well to data sets.
The other three models deviate from the
goodness of fit. Hence we discard all the three
remaining models. In logistic model it has least
RSS, maximum R2, minimum RMSE, MSE,
MAE and it has highest correlation coefficient
than the other three models Gompertz,
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Monomolecular and Richards. Hence we can
say that the logistic is the best fitted model for
the productivity of wheat in Madhya Pradesh,
which can be illustrated with the help of graphs
fitted for Logistic, Gompertz, Monomolecular

and Richards as shown in figure 4.3(a), 4.3(b),
4.3(c), 4.3(d).It is clear from the graph that only
logistic model fits very well for the data of
productivity of wheat in Madhya Pradesh.

Table4.3 Results of fitting various models to Madhya Pradesh wheat productivity data (q/ha.) during
1984-85 to 2008-2009.
Logistic

Gompertz

Monomolecular

Richards

A

0.176

0.150

0.068

0.0151

B

0.781

0.598

0.111

20.643

C

1819.44

1831.982

2002.732

-2545

D

-10.843

RSS

339144.372

342679.284

378122.93

537680.912

Gompertz

Monomolecular

Richards

Examination of Residuals
Logistic
No. of Runs

11

8

8

8

Z

0.01

-1.815

-1.815

-1.815

Logistic

Gompertz

Monomolecular

Richards

R

0.762

0.759

0.735

0.623

RMSE

116.47

117.077

122.988

143.653

MSE

13565.51

15576.37

17187.31

25603.82

MAE

96.776

97.637

99.867

125.603

0.747

0.742

0.721

0.641

Goodness of fit statistic
2

^
(X, X)

Figure 4.3(a): Graph of fitted Logistic model to
Wheat productivity data for the
state of Madhya Pradesh
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Figure 4.3(c): Graph of fitted Monomolecular
model to Wheat productivity data
for the state of Madhya Pradesh
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Soil Test-Based Site-Specific Nutrient Management for Sustainable
Soil and Crop Productivity
Pradip Dey
Project Coordinator
All India Coordinated Research Project on Soil Test Crop Response
Indian Institute of Soil Science, Bhopal (M.P.)
Site-specific
nutrient
management
(SSNM) is an approach for feeding crops with
nutrients as and when needed. The application
and management of nutrients are dynamically
adjusted to crop needs of the location and
season. There are two basic methods of
implementing site-specific management (SSM)
for the variable-rate application (VRA) of crop
production inputs-map-based and sensorbased.
Map Based Approach
The first site-specific management
method is based on the use of maps to
represent crop yields, soil properties, pest
infestations, and variable-rate application plans.
The map based method can be implemented
using a number of different strategies. There are
different strategies for varying inputs based on:
soil type, colour and texture, topography (high
ground, low ground), crop yield, field scouting
data, remotely sensed images, and a host of
other sources.
To develop a plan for variable-rate
fertilizer application in a particular field, the
map-based method could include the following
steps:
1.

Perform systematic soil sampling for
the field

2.

Generate site-specific maps of the
soil properties and nutrients.

3.

Use some algorithm to develop a
site-specific fertilizer application map,
and

4.

Use the application map to control a
variable-rate fertilizer applicator

Sensor Based Approach
The second SSM method provides the
capability to vary the application rate of crop
production inputs with no mapping involved. The
sensor-based method utilizes sensors to
measure the desired properties, usually soil
properties or crop characteristics, on-to-go.
Measurements made by such a system are then
processed and used immediately to control a
variable rate applicator. This second method
does not necessarily require the use of DGPS
system. Nor does it require extensive data
analysis
prior
to
making variable-rate
applications.
Importance of Remote Sensing and Mapping
in SSNM
Remote sensing for agriculture can be
defined simply as “observing a field or crop
without touching it”. Remote sensing, today,
incorporates new technologies that provide
increasingly efficient, complete, accurate, and
timely
information.
Remote
sensing
technologies provide a diagnostic tool that has
at least two important functions as well as many
other uses in site-specific management of
crops. Remote sensing can be used to measure
reflectance of light energy from the crop canopy,
which may be useful in detecting plant stress
while there is still time to correct the problem.
The pictures or maps created with remote
sensing also provide a quick method for
estimating the extent of an important crop
characteristic or the location of areas of a field
that appear to have similar characteristics.
These images or maps are useful in developing
scouting plans for direct examination of the
detected soil or plant conditions and in
developing site-specific treatment plans.

A positioning system like (GPS) is
used during the sampling and application steps
to continuously know or record vehicle location
in the field.
Differentially-corrected Global
Positioning
System
(DGPS)
receivers
are the most commonly used positioning
devices.

Like yield maps, remotely sensed
images encourage creative investigation of
long-term management practices. Remotely
sensed images provide a visual method for
understanding the effects of managed inputs
such as fertilizer, and cultural practices such as
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tillage. They are also useful in understanding
the impact of environmental factors such as
drainage or pest infestations. In contrast to yield
maps, which affect only future decisions,
remotely sensed images may be collected
several times throughout the growing season,
and allow timely management decisions to
correct problems or deficiencies in the current
crop. For this reason, remote sensing
technology adds an important dimension to sitespecific management of crops.
Considering the inherent inaccuracies in
soil sampling and soil testing, a detailed map
would require an enormous number of samples.
Where extrapolation procedures are based only
on a few samples, this requires a sophisticated
interpretation method. Although scientifically
sound, both procedures have practical
problems. For medium to high yields, a small
surplus P and K application can be
advantageous for adequate nutrient supply
during nutritional stress. Because the available
phosphate concentration is low and variable in
time, there are no P surplus problems for crops,
and as there is hardly any leaching of
phosphate, over fertilization of parts of the fields
is tolerable although not ideal or cost-effective.
Relevance of SSNM in Indian Context
SSNM can be efficient and profitable
where intra field variability can be assessed
reliably and economically. It will not be profitable
where the diagnostic assessment remains
expensive and unreliable and also where high
level of uniformity is neither required nor brings
about significant yield increase. In most cases,
it is not of much interest to small holders with
severe financial constraints. However, it is
valuable tool for large farms, organized
plantations and for the large-scale production of
high-value crops. However, since most of the
farms in India are one acre or less than one
acre, the SSNM could most often be practiced if
the inter-farm variability is assessed. Intra-farm
variability often would not existing or so less that
their determination and use would not be
economical or even practicable.
For an average farmer the main
question is not whether precision fertilization is
useful or not but whether it is worthwhile. Many
such farmers are in the very early stages of
development in terms of scientific farming and
optimizing plant nutrition. They are still some
way away even from adopting blanket fertilizer
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recommendations made for their region or
conventional soil-test based fertilizer rates.
SSNM in Rice – IRRI concept
This SSNM approach aims to increase
farmers' profit through: i) increased yield of
crops primarily rice per unit of applied fertilizer;
ii) higher crop yields; and iii) reduced disease
and insect damage. The features of SSNM are:
1)

Optimal use of existing indigenous
nutrient sources such as crop residues
and manures.

2)

Application of nitrogen (N), phosphorus
(P), and potassium (K) fertilizer is
adjusted to the location- and seasonspecific needs of the crop.

In the above approach, advocated by
International Rice Research Institute (IRRI),
season specificity is mainly maintained through
the use of leaf colour charts that indicate the
need to fertilize the rice crop with N. Nutrient
omission plot technique is used to determine the
indigenous supply of P and K. Local
recommendations of other nutrients are
followed. The most economic combination of
fertilisers is computed for a given requirement of
nutrients. Other management practices such as
use of quality seeds, optimum plant density,
Integrated Pest Management (IPM) and good
water management are recommended.
SSNM through STCR – Indian concept
The basic concept here is that a site
represents a unique farmer’s field. This is
relevant in Indian context since the farm sizes
are small. Cropping pattern within a farm is
uniform and each farm has a uniform previous
fertilization history. Such site-specific nutrient
management is also being advocated in India
since late 1960s through targeted yield
approach. The approach is unique in the sense
that it not only prescribes the optimum dose of
nutrient based on soil fertility status but also
predicts the level of yield that a farmer can
expect. The targets can be chosen based on
farmers’ resources. The approach has been test
verified in several follow-up experiments and
demonstrated in a large number of farmers’
fields. Recommended agronomic practices are
to be followed along-with the fertilizer doses.
The recommendations for different crops for
specified yield targets are available in the
voluminous work conducted under AICRP
(STCR). Lately, the calibrations are being
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developed under integrated supply of organics
and fertilizers keeping into account the nutrient
contribution of organics, soil and fertilizers. The
technology of fertilizing the crops based on
initial soil test values for the whole cropping
system is also being generated.
Soil testing with associated plant and
water analysis is the only tool known which
helps to control soil fertility. Nutrient supplying
power of soils, crop responses to added
nutrients and fertiliser and amendment needs
can safely be assessed through sound soil
testing programme. Monitoring of soil fertility,
against depletion and accumulation of certain
elements in toxic proportions over time, is
possible through appropriate soil tests. Liebig’s
law of minimum states that the growth of plants
is limited by the plant nutrient element present
in the smallest amount, all others being in
adequate quantities. From this, it follows that a
given amount of a soil nutrient is sufficient for
any one yield of a given percentage nutrient
composition. Ramamoorthy et al. (1967)
established
the
theoretical
basis
and
experimental proof for the fact that Liebig’s law
of the minimum operates equally well for N, P
and K. This forms the basis for fertiliser
application for targeted yields, first advocated by
Truog (1960). Among the various methods of
fertiliser recommendation, the one based on
yield targeting is unique in the sense that this
method not only indicates soil test based
fertiliser dose but also the level of yield the
farmer can hope to achieve if good agronomic
practices are followed in raising the crop.
The
essential
basic
data
required
(Ramamoorthy et al. 1967) for formulating
fertiliser recommendation for targeted yield are:

%Contribution from soil (CS) = [Total uptake in
control plots (kg ha-1) X 100] / [Soil test values
of nutrient in control plots (kg ha-1)]
% Contribution of nutrient from fertilizer
Contribution from fertiliser (CF) = (Total uptake
of nutrients) - (Soil test values of nutrients in
fertilizer treated plots x CS)
% Contribution from fertilizer = [CF / {Fertilizer
-1
dose (kg ha }] x 100
Calculation of fertilizer dose
The above basic data are transformed
into workable adjustment equation as follows:
Fertilizer dose = [{(Nutrient requirement in kg/q
of grain) / %CF} x 100 x T] – [(%CS / %CF) x
soil test value (kg ha-1)]
= a constant x Yield target (q ha-1) - b constant x
-1
Soil test value (kg ha )
Similarly the contribution of nutrients from
organic can also be determined.
Maximum yield method
A separate calibration procedure has
been devised to select the balanced nutrition
plots. In this procedure only balanced nutrition
plots are used to develop the calibrations.

•

•



Nutrient requirement in kg/q of produce,
grain or other economic produce,

•



The per cent contribution from the soil
available nutrients,

•



The per cent contribution from the
applied fertiliser nutrients.

•

The above mentioned three parameters are
calculated as follows.
Nutrient requirement of N, P and K for grain
production
kg of nutrient/q of grain = [Total uptake of
nutrient (kg)] / [Grain yield (q)]
Contribution of nutrient from soil
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•
•

The yields of grain and straw for the
subplots in each of the four large calibration
plots are arranged in groups. Within each
group the level of a given nutrient is
constant
The total uptake of nitrogen from the
treatment producing the highest yield in the
group is computed.
The value obtained is divided by the
corresponding yield of grain
The quotients from all nutrient groups in all
four large plots are averaged to obtain NR.
The value of CS is obtained by analyzing
the grain and straw from four control
subplots in each of the four large calibration
plots.
The four subplots represent the highest
yield, the lowest yield and two intermediate
yields.
The total yields of nutrients are then divided
by corresponding soil test values and the
quotients are averaged to obtain CS.
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Scheduling
Sequences

Fertilizer

in

Cropping

Nutrient availability in soil after the
harvest of a crop is much influenced by the
initial soil nutrient status, the amount of fertiliser
nutrients added and the nature of the crop
raised. Of late the monoculture is replaced by
cropping sequence. For soil test based fertiliser
recommendations the soils are to be tested after
each crop which is not practicable. Hence it has
become necessary to predict the soil test values
after the harvest of a crop. It is done by
developing post-harvest soil test value
prediction equations making use of the initial
soil test values, applied fertiliser doses and the
yields obtained or uptake of nutrients. The
functional relationship is as follows:
YPH = f(F, IS, yield/nutrient uptake), where,
YPH is the post-harvest soil test value, F is the
applied fertiliser nutrient and IS is the initial soil
test value. The mathematical form is
YPH = a + b1F + b2 IS + b3 yield/uptake
where, a is the absolute constant and b1,b2 and
b3 are the respective regression coefficients.
Benefits of Soil Test based SSNM

Some other models have also been
tested using soil test crop response data
obtained from the project on AICRP on STCR
Correlations. Some of these models are linear
response plateau models (LRP), quadratic
response plateau models (QRP), Mitscherlich
model as modified by Mombiella et al, 1981.
Models for Phosphorus
Fertilizer P recommendations depend
on a knowledge of (i) the level of available soil
P, (ii) the optimum level of soil P required for the
crop to be grown and (iii) the amount of fertilizer
P which must be added to raise the available P
to the optimum level (Kamprath and Watson,
1980). The Mitscherlich-Bray (MB) equation
modified by Mombiela et al. (1981) offers a way
of estimating fertilizer rates from soil test values
because it relates crop yield, soil nutrient levels
and applied fertilizer P rates in such a way that
the influence of initial nutrient levels on yield are
taken into account. The MB equation was also
used by others (Payton et al. 1989; Ussiri et al.
1998) can be adopted for relating crop yields to
soil and fertilizer P. This modified equation was:
Y=A1-e-cx+f(T) ------------------------(1)

Considerable agronomic and economic
benefits were accrued when farmers applied
fertilizer nutrient doses based on soil tests. The
fertilizer use efficiency calculated in terms of
average nutrient (N+P+K) response ratios
increased considerably in STCR based
applications over farmers’ practice (Table 1).
The technology was implemented under
Integrated Plant Nutrient Supply (IPNS) systems
and was beneficial across the crops and soils.
Table 1. Average Response Ratios (kg
grain/kg nutrients)
No.
of
trials

Farmer’s
practice

STCR- IPNS
recommende
d practice

Rice

120

11.4

16.8

Wheat

150

10.3

14.2

Maize

35

12.7

17.7

Mustard

45

8.0

8.2

Raya

25

4.8

7.6

Groundnut

50

5.1

6.8

Soybean

17

9.6

12.2

Chickpea

35

6.1

9.4

Crop

Testing other models
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Where, y is a predicted yield obtained by
application of x units of P fertilizer to a soil with
a P soil test value, T. The parameter A is
defined as maximum yield and c is a
proportionality constant related to the efficiency
of soil and fertilizer P. The function f(T) relates
to an amount of plant-available P in the soil.
Mombeila et al (1981) then defined total
effective phosphorus (TEP) as f(T)+x, in which
f(T) was assumed to be a linear function of T,
Thus,
TEP=bT+x------------------------(2)
Where b is a constant. The final form of the MB
equation as modified by Mombiela et al. (1981)
was:
Y=A1-exp-c(bT+x)------------------------(3)
Which could also be expressed as:
Y=A1-exp-c(TEP) ------------------------(4)
Equation (3) was used for relating rice grain
yield obtained from the field study with
extractable soil P and fertilizer P. The equation
was fitted using the nonlinear regression
procedure of SPSS (Statistical Package for
Social Sciences) thus enabling the estimation of
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Where p=price of fertilizer/price of crop,
R=marginal rate of return (or interest rate), and
other terms are as previously defined under the
modified Mitscherlich equation.

the constants A, b, and c, as well as the
predicted yield.
Since yield responses were of a
diminishing return form, optimal P fertilizer
recommendations (PR) were calculated as
suggested in Colwell (1974) by the following
equation:

Studies conducted with rice crops in two red soil
sites in India shows that the recommendation
changes with the location (Figure 1).

Recommended P rate
(kg/ha)

PR=(1/c)ln(cA/p(1+R))-bT------------------------(5)

100

R=0.1, P=0.006
R=0.2, P=0.006
R=0.1, P=0.008
R=0.2, P=0.008

80
60
40
20
0
0

10

20

30

40

50

Recommended P rate (kg/ha)

Olsen Extractable P (kg/ha)

200
180
160
140
120
100
80
60
40
20
0

0.1,0.006
0.1,0.08
0.2,0.006
0.2,0.008

0 10 20 30 40 50 60 70 80
Olsen P (kg/ha)
FIGURE 1 Relationship between recommended P rate and Olsen extractable P for
different marginal rates of return R and price-of-fertilizer/price-of-rice
ratio (P) for red soils in Salem district of Tamil Nadu, India (above) and
red soils of Bhubaneswar in Orissa.
Models for Nitrogen
Selection of the most appropriate rate of
nitrogenous fertilizer is a major decision
affecting the profitability of rice production and
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also the impact of agriculture on the
environment. Fertilizer recommendations are
embodied in response models, which prescribe
a nitrogen dose as a function of site year
characteristics present at the time when the
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fertilizer recommendation decision is made.
Numerous response models have been used to
arrive at the optimal rate of nitrogenous fertilizer
and the choice of the model will affect the
predicted fertilizer rate (Cerrato and Blackmer,
1990; Paris, 1992). Anderson and Nelson
(1975, 1987) used R2 values for choosing
between different models. The objective of the
work reported here was to compare and
evaluate
response
models
(Modified
Mitscherlich's model, Linear-plus-plateau and
Quadratic-plus-plateau) commonly used for
desribing crop response of rice raised on red
noncalcareous (Typic Ustropept) soils to
nitrogen fertilizer based on R2 values and
based on behaviour of residuals.
Modified
Mitcherlichs
model
by
Mombiela et al. (1981) and also used by Payton
et al (1989) was adopted for relating crop yields
to soil and fertilizer N. This modified equation
was Y=A (1-EXP (-c (f (T)+x))), where Y is
predicted yield obtained by application of x units
of N fertilizer to a soil with a N soil test value, T.
The parameter A is defined as the maximum
yield and c is proportionality constant related to
the efficiency of soil and fertilizer N. f (T) is a
total effective nitrogen which is a linear function
of T.
Liner response plateau model is defined by
Y= MIN (aFN+dSN, Ymax); where Y is
the yield of grain (kg/ha) and FN is the rate of N
application (kg/ha), a and d are parameters of
the model and SN is soil test N. Quadratic
response model is defined by
Y=MIN(a(FN+bSN)+d(FN+bSN)2,Ymax), where
Y is yield of grain (kg/ha), FN is the rate of N
application (kg/ha), a, b and d are parameters of
the model and SN is soil test value.
Precision Agriculture and SSNM
Precision agriculture, a popular new
concept in crop production, can be defined as a
comprehensive system designed to optimize
agricultural production through the application of
crop information, soil variability, advanced
technology and management practices. A truly
comprehensive
approach
to
precision
agriculture begins with crop planning and
includes tillage, planting, chemical applications
based on soil variability, harvesting, and post
harvest processing of the crop. Precision
agriculture involves studying and managing
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variations within fields that can affect crop yield.
It revolves around the idea that treating a large
region as a uniform area is essentially wasteful
and uses an excess of costly resources in the
form of fertilizers, pesticides, and herbicides.
Any area as large as a field can contain wide
spatial variations in soil types, nutrient
availability, and other important factors; not
taking these variations into account can result in
a loss of productivity. Precision agriculture is a
method of farm management that allows
the farmer to produce more efficiently,
thereby realizing gains through economical use
of resources. An important effect of precision
farming is the high environmental benefit
from using chemical treatments only where
and when they are necessary. This promotion
of environmental stewardship is a key
component of the new attitudes in agriculture.
Comprehensive precision
has five major objectives:

agriculture



Increased production efficiency



Improved product quality



More efficient chemical use.



Energy conservation.



Soil and ground water protection.

The key requirements of precision
agriculture are information, technology and
management.
Information
Timely and accurate information is
essential in all phases of production from
planning through post-harvest. Information
available to the farmer includes crop
characteristics,
soil
properties,
fertility
requirements,
weed
populations,
insect
populations, plant growth response, harvest
data, and post harvest processing data. The
precision farmer must seek out and use the
information available at each and every step in
the system.
Technology
The personal computer can help the
farmer organize and manage data more
effectively. Now, computer software, including
spreadsheets,
databases,
geographic
information systems (GIS), and other types of
application software are readily available. The
global positioning system (GPS) has given the
farmer the means to locate position in the field
to within a few feet. By tying position data in
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with the other field data mentioned earlier, the
farmer can use the GIS capability to create
maps of fields or farms. Some sensors are
currently available or some are under
development that can monitor soil properties,
crop condition, harvesting, or post harvest
processing and give instant results or feedback
which can be used to adjust or control the
operation.
Remote Sensing and GIS for soil fertility
management
Remote sensing is defined as a science
and art of acquiring data about material objects
from measurements made at a distance without
actually coming into physical contact with the
object. Satellite imagery provides an opportunity
to identify problems developing in the field, and
especially monitor changes in the area affected.
High spatial resolution satellite data are useful
in site-specific nutrient management/precision
agriculture. It enables converting point samples
to field maps, mapping crop yield, mapping soil
variability, monitoring seasonally variable soil
and crop characteristics, moisture content, crop
growth and phonology, crop evapo-transpiration
rate, nutrient deficiency, disease, weed and
insect infestation etc. Geographical Information
System (GIS) is the latest and most
sophisticated technology related in handling of
spatial and non spatial data and has been
elaborated by the eminent geographers and
natural resource scientists. GIS is "a Computerassisted System for capture, storage, retrieval,
analysis and display of spatial data, within a
particular organization". Information derived
through remote sensing and non-remote
sensing methods are integrated within GIS and
specific management and developmental plans
are arrived finally.
Aerial photos and digital images
The history of modern remote sensing
began when black-and-white photographs of the
landscape were first taken from the air. The first
organized effort to acquire aerial photographs
appeared in the late 1930s by the Department
of the Army.
Eventually the Agriculture
Stabilization and Conservation Service, USA
adopted the technology and began collecting
indexed photographs of the landscape for
agricultural purposes.
Most analysis of remotely sensed data
is performed on a computer with digital images.
The images can be acquired by digitizing
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photographs from film cameras or directly with
digital cameras and other specialized electronic
instruments. A photograph that has been
digitized is represented by hundreds of
thousands or millions of dots called pixels
(picture elements) and is stored electronically.
Digital cameras record reflectance with arrays of
tiny sensors and store images directly, without
the use of photographic film. Light filters,
advanced electronic sensors and specialpurpose film can be used to collect light energy
invisible to the human eye and from specific
portions of the electromagnetic (EM) spectrum.
Through these technologies, remote sensing
with digital images can provide significantly
more and different information than black-andwhite photographs can provide.
Management
Management combines the information
obtained and the available technology into a
comprehensive
system.
Without
proper
management, precision crop production would
not be effective. For practicing precision
agriculture farmers must know how to interpret
the information available, how to utilize the
technology, and how to make sound production
decisions.
Comprehensive precision agriculture
system can be viewed in two phases.


Site Specific Management



Post-harvest Process Control

Site specific management
Site specific management is the field
phase of the production system. Once the
necessary equipment and technology are in
place, the farmer can decide to continue to
manage the fields by the whole field approach
or by a site specific approach. In whole field
management, the field is treated as a composite
area and decisions are based on the composite
data for the entire field. In site specific
management, the field is broken down into
smaller grids and decisions are based on the
requirements of each grid. GPS/GIS technology
and variable rate equipment are used to apply
inputs based on the grid requirements. By
treating each grid according to its prescription,
over application of chemicals and seed are
avoided on areas where they are not needed.
Areas that require the higher rates can still
receive them.
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Site-specific strategies for improving
productivity and profitability have common
elements
related
to soil
characteristics,
topography and past management practices.
These strategies often have at least
some general relationship to crop yield
maps. The topsoil may have uniform physical
properties, but some management practice
create
an
inequity
in nutrient
status,
necessitating a variable rate application
strategy of application of
higher rates of
nutrients in areas with lower yields and relatively
lower rates in the areas with higher
yields. Where the topsoil has varying physical
properties, such as soil type, texture or
soil depth, the yield potential will vary
considerably throughout the field. Past
management practices of uniform nutrient
applications may have created excess nutrient
accumulations in areas with low yield potential
and nutrient deficits in areas with high yield
potential. A variable rate application strategy will
generally place higher rates of nutrients in areas
with higher yield potential and lower rates
of nutrients in areas with lower yield
potential. Where controllable factors such as
weed population and restricted drainage limit
yield,
modifications
to
management
or renovations to the land should be used to
improve productivity if the long-term benefits
out-weigh the costs.
Soil Sampling for Site Specific Nutrient
Management
Soil sampling is the first step in
generating field specific information on which to
base soil amendments and fertilizer decision
and in monitoring soil nutrient status.
Technological advances in GPS (global
positioning systems) and GIS let producers
design more intensive soil sampling schemes
and
to
use
this
information
for
lime/gypsum/pyrite and fertilizer management
decisions. Precision soil sampling provides
information to:


Identify localized regions of nutrient
deficiencies and excesses within fields



Increase soil amendments and fertilizer use
efficiency by directing applications to
specific sites, and



Increase nitrogen use efficiency (which
reduces leaching and runoff losses) by
correcting other nutrient deficiencies
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In contrast, the analysis of a composite
soil sample from a field provides fertilizer
response data for average field conditions.
Since fields are not uniform with respect to
acidity/alkalinity/salinity and nutrient levels, each
field consists of some regions differing in
lime/gypsum/pyrite and fertilizer needs.
Map any recognizable field subunit
boundaries if they are to be used in the design
of soil sampling schemes.
Relevant field
subunits could include soil survey map units, or
areas with distinct management history,
consistently different crop yields, etc.
Site specific management accepts that
variability occurs within fields. Understanding
the variability allows fields to be divided into
relatively uniform units, which can be managed
using techniques such as variable-rate
fertilization or spraying. Soil sampling for
nutrient level is a critical step, both in identifying
the variability within the field and in providing
appropriate fertiliser recommendations.
New soil sampling strategies are
needed
for
maximizing
site-specific
management techniques. Many of these new
methods rely upon the GPS technology that
allows targeting of initial soil sampling and the
ability to return to the same spots again in the
future for fertilizer application, scouting or resampling.
Traditional Composite Sampling


Sample at 0 to 15 and 15-60 cm depths and
keep depths separate. Samples for pH, P,
K, organic matter and micronutrients should
be analyzed from the 0 to 15 cm depth.
Nitrogen and S should be analyzed for both
depths as these mobile nutrients may be
deficient in the surface 0 to 15 cm yet
adequate in the 15-60 cm depth.



For bigger fields, a composite soil sample
should include at least 15 to 20 samples
site per field, with a minimum of one
sampling site for every 2.5 to 4 acres. For
smaller fields composite sample may
comprise of 8-10 samples.

Limitations:


Does not provide any indication of field
variability



Small areas of very high nutrient levels that
are probed and included in composite
samples may cause the “average” reported
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value to be artificially high, resulting in much
of the field being under fertilized.


This system does not offer the potential for
variable-rate application of nutrients.

Benchmark Soil Sampling
The basic principle of benchmark
sampling is continued sampling at the same
location from year to year. Each benchmark is
an area of approximately ¼ acre that is chosen
as typifying the field of a majority soil type within
the field.
In this benchmark area, 15-20
samples
are
randomly
collected
and
composited. This technique assumes that the
benchmark area is less variable than the entire
field, because it is much smaller. Year after
year that same benchmark location and method
is used, which should minimize sampling errors.
It is treated as a reference area from which all
fertilizer recommendations for that field are
based. More than one benchmark site per field
may be chosen if complex soil types or variable
landscape occurs, or if variable-rate fertilization
is an option. The critical part of this method is
the benchmark site selection.
Select
representative site by close observation of the
crop (particularly during early growth stages
when fertility differences are most prominent),
past grower experience, yield maps, soil
surveys, and remote sensed images.
Grid Soil Sampling
The grid sampling system uses a
systematic method of soil sampling to reveal
fertility patterns and assumes there is no logical
reason for fertility patterns to vary within a field.
The first step in grid sampling is to divide the
field into small of blocks. The second step is to
identify a sample location within the grid usually
the point at the centre of the grid cell which is
referred to as grid point sampling.

alignment. Other regularly spaced patterns,
such as tillage, drainage tiles and ditches or
fertilizer spreading may cause a repeating
pattern that if aligned with the sample rows, will
seriously bias results. Modifications to the
sampling pattern, such as staggering of sample
points or randomized placement within the grid,
may be used to overcome this concern.
Cell Sampling: The most straight forward
sampling scheme is the “Cell”. A cell is a
subunit of a whole field. Soil cores collected
form locations throughout a cell are mixed to
generate a composite sample for the cell. The
resulting lime and fertilizer rates will be
applicable to this entire cell. The entire field
might then be represented by a checkerboard
pattern of different fertilizer rates.
The greater the sampling intensity, the
greater the likelihood of identifying fertility
patters using grid sampling. Some US states
recommend a sampling density of one sample
per acre in order to obtain representative soil
phosphorus, potassium and pH data. Sampling
at wider sample spacing may still provide useful
information on the magnitude of field variability,
but may be too inaccurate for variable-rate
management.
Features: Grid sampling is well integrated into
commercial GPS-based sampling and nutrient –
mapping GIS programme.
Landscape Directed Soil Sampling

Each sample represents a composite of
some 3 to 10 samples cores taken in a 3 to 6
metre radius of the centre location of that grid.
However, grid point sampling may cause bias
because of the regular row and column sample

Landscape-directed sampling is based
on spatial pattern defined by some prior
knowledge or observation about a field and
assumes that fertility patterns exists for logical
reasons. For example, soil survey information,
detailed elevation mapping aerial photographs,
satellite imagery, combine yield monitor maps or
grower experience may indicate a pattern in soil
and crop variation. This type of variation is
called systematic variation because it follows a
system or pattern and is predictable and
manageable if that pattern is understood. The
recent use of yield monitors has shown that
yield variation is often related to topography,
although this variation may be due more to
differences in drainage or available water and
weed pressure than nutrient variation. Soil
development and productivity are largely a
function of water flow, which is in turn controlled
by landscape properties such as slope gradient
and length, slope curvature and relative
elevation.
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The combination of these factors
determines the location of soil types in the
landscape and their inherent productivity.
Nutrient levels, particularly the mobile nutrients
like nitrogen and sulphur, have shown
consistent relationships to landscape or
topography in soil moisture relationships largely
control nitrogen availability in the landscape
through processes of denitrification, leaching,
mineralization of organic matter and crop
uptake. Elevation measurements may be used
to initially develop topographic management
zones, but it is actually landscape structure or
slope position that
influences nutrient
relationships.
This system requires the identification
of areas (polygons) with similar soil and
hydrologic conditions. Properly identified there
will be less variability within each polygon than
between polygons.
Research has not firmly established the
required density or pattern for landscape
sampling. If landscape units were totally
homogenous, one sample would characterize
the entire unit but in reality these units are not
homogeneous. Options are to take several (3 to
6) point samples per landscape unit or take
composite sample of 10 to 20 cores for each
area. The boundaries of management zones for
topography-based sampling may be delineated
with the aid of elevation maps, yield maps, or
remotely sensed images. Boundaries may be
adjusted with further data and experience with
the systems.
This type of sampling has potential to
reduce the number of soil samples required,
compared with intensive grid sampling. Nutrient
distribution and management-unit boundary
designation is often superior to grid sampling,
easily for nitrogen. Traditional fertilizer
recommendations are based on regionally
developed response curves. These response
curves served well when managing fields as a
single management unit. But ongoing research
clearly demonstrates that fertilizer response
may vary across landscape within the same
filed, even when soil nutrient levels are the
same. These traditional response curves may
be too simplistic for a site-specific system.
Assigning target yields and expected moisture
availability by soil management unit may aid in
refining recommendations. Field research
continues
to
determine
appropriate
recommendations strategies.
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Emerging technology will further refine
these sampling systems. In the future, soil
nutrients sensors may be developed to map
field nutrients levels, and satellite imagery may
identify specific in-field nutrient stresses. And a
growing database including yield maps, strip
test evaluations, satellite images and aerial
photographs will aid in defining appropriate
management units.
Soil test crop response calibration is
very important and key part of soil test based
fertilizers recommendations. Crop yield mapping
and variable nutrient mapping are essential and
key steps in precision agriculture.
Spatial
variation in soil properties and nutrients levels
results in corresponding variation in crop yield.
Establishing relationship between yield maps
and nutrient distribution in the field facilitate
variable rate of nutrient application. Precision
farming and the accompanying new computer
hardware and software will best be served by up
to date calibration information that accurately
determines the nutrient needs of the current
production systems within a field.
Some Work Towards Site Specific Nutrient
Management Under AICRP on STCR
Soil testing laboratories provide fertiliser
recommendations to farmers and work as
linkage between research laboratories and
farmers. The research laboratories under the
auspices of Soil Test Crop Response
Correlation Project network have calibrated soil
tests with crop response in major soil types to
derive fertiliser recommendations based on soil
fertility and nutrient requirement of crops. In
spite of repeated demonstration of the benefits
of this technology, its widespread use has not
become reality. It is not the objective of this
paper to review its causes, however, inadequate
analytical
and
technical
facilities
plus
complexities involved in providing correct
recommendations are the most significant
reasons. As a result, farmers normally do not
get recommendations based on testing of their
field soil in time. Hence soil-testing programme
could not make desired impact on the farmers.
Further this technology entirely depends on
soil’s chemical testing. Hence extension worker
depends on soil testing laboratories for test
results and recommendations.
One of the very attractive possibilities to
overcome these problems is to device a nutrient
recommendation system that provides fertilizer
prescriptions in the form of geo-referenced
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maps. In an ideal map one can show
information on soil type, its fertility levels, yield
potential of area (yield targets) and fertilizer
recommendation. If such maps can be made
available, it will directly transfer the soil test
technology into the hands of farmers. A farmer
who is able to read simple map can easily
identify what is the yield possibility in his village
and based on major soil type in his area he can
identify what balance of nutrients need to be
applied for the yield target of his interest. The
STCR information like soil and fertilizer nutrient
efficiencies and nutrient requirements can be
linked with these maps. The detailed soil maps
recently published by the National Bureau of
Soil Survey and Land Use Planning (NBSS &
LUP) can be used for this purpose. Yield
potentials can be estimated from the maximum
yields obtained in the frontline demonstrations
or by the use of crop simulation models.

Use
of
Soil
Recommendation

The major limitation for this is
availability of precise soil fertility maps.
Preparation of reliable soil fertility maps is still
considered as one of the most difficult tasks.
Obviously this is the reason why fertility maps
have not been updated/prepared at district or
sub-district level. However newly emerging
techniques like remote sensing, GIS, global
positioning system (GPS) and simulation
modeling have much to offer in this area.
Proper application of these powerful techniques
can help in identifying suitable soil sampling
spots based on soil slope, topography and soil
types in a systematic grid pattern.
Georeferenced soil fertility maps can be constructed
and displayed using simulation and GIS
techniques.

Fertilizer recommendation equations
derived from STCR studies require soil nutrient
efficiency (Es), fertilizer nutrient efficiency (Ef)
and nutrient requirement (NR) of a particular
crop. Linking these parameters with soil maps
makes it possible to provide spatial fertilizer
recommendation in the form of maps.

Advantages of Spatial Recommendation GIS
Maps
The fertilizer adjustment equations
developed from STCR studies can be displayed
in the form of spatial fertilizer recommendation
map. This means that such map will integrate
the effects of soil (Cs) and fertilizer (Cf) nutrient
efficiencies
and
nutrient
requirement
parameters on fertilizer recommendation. A
spatial map displays the information in georeferenced fashion. Properly designed maps
can be provided to village extension workers
and by simple map reading they can advise
nutrient application rates to the farmers of the
areas. Obviously it will help in quick transfer of
soil test based technology to the hands of
farmers.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Maps

in

Fertilizer

Fertiliser recommendation can be
provided to the farmers based on major soil
types occurring in a particular area. This may be
very useful particularly for potassium. The
potassium supplying capacities can also be
rated according to soil type, its depth and
texture characteristics.
The area having
majority of shallow soils with coarse texture can
be delineated and the areas where potassium
application is relatively more important can be
identified. This analysis can be displayed in the
form of recommendation map. Such maps can
easily be used by the extension agents or by the
soil testing laboratories.
Linking soil fertility maps with STCR
parameters
for
spatial
fertilizer
recommendation

The total nutrient requirement depends
on yield levels. The yield levels are
conventionally decided based on research
experiments. The crop simulation models can
predict spatial yield potential if spatial soil and
climatic data base is used. The advantage of
simulation models is that it allows integrating the
effects of soil and climatic parameters on crop
response and yield. Studies conducted on the
yield potential of rice in the Raipur district
estimated with the help of soil and climatic data
by CERES rice model have shown good result.
The total nutrient (N) requirement to obtain this
yield was estimated considering 16 kg N per
tonne of rice production.
The soil test N efficiencies estimated
from STCR experiments were linked with the
soil map of Raipur. Similarly the fertilizer
nutrient efficiencies are also linked with soil
maps. Since the foil fertility maps are not
available, the analysis was made for low (200
-1
-1
kg ha KMnO4-N), medium (300 kg ha KMnO4-1
N) and high (500 kg ha KMnO4-N).
Non-availability of reliable soil fertility
map is the bottleneck for providing spatial
fertilizer recommendation. If such maps are
made available, it is possible to transform the
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fertilizer equations into spatial fertilizer
recommendation maps. Such maps will provide
site specific recommendation without testing the
soil. The recommendations can be obtained by
an extension agent/farmer simply by locating his
area on the map. The fertility maps can be
linked with STCR parameters to yield a
recommendation map. A hypothetical fertility
map was used for this purpose.
Soil fertility mapping
Preparation of reliable soil fertility map
is a difficult task. The variability in fertility
caused by application of fertilizers in individual
farms is one factor that is difficult to account.
However, it is possible to measure the natural
variation in soil fertility by considering the
factors which influence it. Slope, topography
and soil types can account for most of the
natural variation in fertility. It will be of great
significance if STCR recommendation can be
provided even on this basis.
The development of new sophisticated
technologies has now made it possible to make
reliable fertility maps relatively easily and
quickly. The use of remote sensing, GIS, Global
Positioning System (GPS) and simulation
modeling are very effective in this direction.
suitable soil sampling strategy is the most
important part of fertility mapping. The area to
be mapped can be divided into small systematic
grids according to soil type, depth, texture and
slope characteristics. The data for this can be
obtained from soil maps prepared by
NBSS&LUP and satellite imaginaries. Once
these data are obtained in digital format suitable
soil sampling spots can be precisely identified
by overlaying systematic grids. The approach
roads can be overlaid on the map and the exact
position of sampling spots (latitude, longitude)
can be obtained. Once the spots are fixed one
can navigate to the correct spot with the help of
global positioning system. After analysis of the
samples the results can be interpolated and
fertility maps can be prepared by spatial
analysis function of GIS. The advantage of
using global positioning system is that if we
want to update the maps after certain period
one can always reach to the same spot from
where previous sample was obtained.
An attempt was made with joint venture
of IISS, Bhopal and NBSS&LUP, Nagpur to
create spatial fertilizer recommendation maps
using available validated fertilizer adjustment
equations generated by AICRP ((STCR) and
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Geographic Information System (GIS). The
district level soil fertility index of 10 districts of
India were prepared, which can be used to
generate balanced fertilizer recommendation for
specified crops for entire district based on the
average soil fertility status of that district. District
wise soil fertility georeferenced maps were
prepared using index values for nitrogen (N),
phosphorus (P) and potassium (K) for ten
states. Corresponding equivalent soil nutrient
values in respect of N, P & K were calculated
from the index values. Reasonable limits for
targeted
yields
were
defined.
The
recommendations in the form equations for
targeted yields have been interlinked with the
fertility maps. The use of this recommendation
system suggested for varied applications for
targeted yields in different districts of states.
This can be used up to field level also, if the
farmer has the knowledge of his fertility status
and the yield target. The maps can also be
updated from time to time based on the soil test
result data base. It can be further narrowed
down to block/village level depending the
availability of information. As an example N soil
fertility map in the year 2001 is depicted below.
These fertility maps can also be used to study
the changing trends in the fertility of nutrients
and can be correlated with fertilization practices
of farmers of a particular region. These maps,
however, only indicate the general fertility level
in a district since the data collected and used
was not georeferenced. It is proposed that in
future the soil samples should be collected with
georeferenced information so that better soil
fertility maps could be prepared. The
equipments like GPS need to be used for this
purpose.
Because most recommendations are
based primarily on whole-field traditional fertility
recommendations, the quality of soil fertility
maps is fundamental. A number of factors
affect map quality including the nature of the soil
variability, intensity of sampling, and method of
interpolation. Geographical Information System
(GIS) is the latest and most sophisticated
technology proved to be extremely useful for
natural resources management and thus for
sustainable development. GIS technology helps
in finding the solutions for agro forestry/
reforestation/ forest development and hence in
resources for development and management of
forest. The GIS is essentially related in handling
of spatial and non spatial data and has been
elaborated by the eminent geographers and
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resource scientists. GIS is "a Computer-assisted
System for capture, storage, retrieval, analysis
and display of spatial data, within a particular
organisation". Information derived through
remote sensing and non-remote sensing
methods are integrated within GIS and specific
management and developmental plans are
arrived finally. The information in a GIS is
presented in two basic forms; as maps and as
tables to produce information that is needed by
a user. Use of suitable Geographical
Information System (GIS) techniques helps
integration of the vast data base covering a
wide variety of relevant parameters in a more
efficient manner.

The Indian subcontinent possesses
widely
divergent
spectra
of
changing
physiography, climate and vegetation and their
combined influence, accentuated by the action
of water and wind on the weathering of different
types of parent material, which has obviously
resulted in soils showing appreciable variations
in morphological, physical, chemical and
biological characteristics. Thus the soil
representing a continuum of diversified genetic
processes and being one of the biggest natural
heritages of mankind deserves greater
consideration than merely as an inert medium of
plant growth. Soil fertility changes due to
cropping, manure and fertilizer applications.

on fertility map basis superimposing the
recommendations over the soil fertility maps.
Remote Sensing and GIS for SSNM
Remote sensing is defined as a science
and art of acquiring data about material objects
from measurements made at a distance without
actually coming into physical contact with the
object. Satellite imagery provides an opportunity
to identify problems developing in the field, and
especially monitor changes in the area affected.
High spatial resolution satellite data is useful in
site-specific nutrient management/precision
agriculture. It enables converting point samples
to field maps, mapping crop yield, mapping soil
variability, monitoring seasonally variable soil
and crop characteristics, moisture content, crop
growth and phonology, crop evapo-transpiration
rate, crop nutrient deficiency, crop disease,
weed and insect infestation etc. Geographical
Information System (GIS) is the latest and most
sophisticated technology proved to be extremely
useful for natural resources management and
thus for sustainable development. GIS
technology helps in finding the solutions for agro
forestry/ reforestation/ forest development and
hence in resources for development and
management of forest. GIS is "a Computerassisted System for capture, storage, retrieval,
analysis and display of spatial data, within a
particular organisation". Information derived
through remote sensing and non-remote
sensing methods are integrated within GIS and
specific management and developmental plans
are arrived finally. The information in a GIS is
presented in two basic forms; as maps and as
tables to produce information that is needed by
a user. Use of suitable Geographical
Information System (GIS) techniques helps
integration of the vast data base covering a
wide variety of relevant parameters in a more
efficient manner.

Fertilizer being the costliest input, the
scientific approach towards profitable agriculture
would imply the use of plant nutrients according
to the actual needs of the soil-crop situation,
which can best be judged through soil testing.
AICRP (STCR) is prescribing fertilizer
application on the basis of soil test values and
targeted yield. There is scope to apply the same
technique to provide fertilizer recommendation

Soil fertility assessment: Most of the
studies, hitherto, have been carried out on N.
Leaf N concentration is an important indicator
for diagnosing plant N status. Nitrogen
deficiency causes a decrease in leaf chlorophyll
concentration, leading to an increase in leaf
reflectance in the visible spectral region. This
measurement, however, is subject to errors due
to other stresses that cause yellowing of leaves.
NIR reflectance has been found promising in
quantification of soil moisture, organic carbon
and total nitrogen. A marked difference in
reflectance throughout the 0.5 to 1.1 um
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wavelength region has been observed due to
presence of organic matter in a soil (Swain and
Davis, 1978). Spectral reflectance, generally,
decreases over the entire short-wave region as
organic matter content increases (Stoner and
Baumgardner, 1980). Chen et al. (2000)
observed that remotely sensed imagery of bare
soil field could be quantified to describe the
spatial variation in organic carbon. The soil
organic matter distribution as estimated from
Landsat-TM images was strongly correlated
with the spatial distribution determined by grid
soil sampling (Bhatti et al. 1991).
Salt affected soils: Salt affected soils
with salt encrustation at the surface are,
generally smoother than nonsaline surface and
cause high reflectance in the visible and near
infrared bands (Rao et al. 1995). Quantity and
mineralogy of salts together with soil moisture,
colour and roughness are the major factors
affecting reflectance of salt affected soils
(Metternicht and Zinck, 2003). With the
availability of very high resolution data from
IKONOS-II and Quick Bird-II within-field
variability in salt affected soils could be studied.
Work has been done in Sitapur district of Uttar
Pradesh in delineation of salt affected areas
using multispectral data from IKONOS-II. The
data acquired from IRS-1A were used to map
the spatial extent of salt affected soils in
Jaunpur district of Uttar Pradesh.
Soil nutrient management: Soil nutrient
management at field level involves delineation
of homogenious management zones (HMZs)
based on physica-chemical characteristics of
soils and crop yield needs to be done. Remote
sensing can provide valuable information about
soils and crops/vegetation conditions over large
areas for making decisions related to site
specific management. Research efforts are
currently directed to develop and validate the
remotely sensed data derived inputs to support
site specific crop management.
Application
of
Information
Communication Technologies (ICT)

Research System (NARS) to go online, share
their contents, and rural information kiosks
providing information access to the farmers.
India has 37% of world ICT enabled projects in
rural areas. Agricultural resource information
using GIS models, expert systems, databases
on successful technologies have critical role in
governance and decision making by farmers.
Simulation modeling and Expert system
in agriculture: An Expert System (ES) is a
computer programme designed to simulate the
problem solving behaviour of an expert in a
narrow domain or discipline. Several such
expert systems have been developed and
successfully used in pests and disease control,
farm management, livestock breeding, but more
concerted efforts are required to integrate the
concept in soil fertility management. Indian
Institute of Soil Science has developed a
computer aided model that calculates
the amount of nutrients required for specific
yield targets of crops based on farmers’
soil fertility. It is accessible on Internet
(http://www.stcr.gov.in/HTML/html/diary_fset.ht
ml). This software program reads data, performs
calculations and generates graphical and
tabular outputs as well as test reports. This
system has the ability to input actual soil test
values of the farmers’ fields to obtain optimum
dose of nutrients. The application is a user
friendly tool. It will aid the farmer in arriving at
an appropriate dose of fertilizer nutrient for
specific crop yield for given soil test values
(figure 2).

and

Agricultural development and sustainability
crucially depend upon relevant information
access at opportune time. There is a vast scope
of extending ICTs through public, private and
non governmental organizations with respect to
extension, marketing and community services.
The ideal delivery model for these ICTs is
envisioned to be a multi-pronged strategy
involving institutions under National Agricultural
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Figure 2. Internet enabled soil test based
fertilizer application software
Summary
The concepts and approaches of site
specific nutrient management (SSNM) are
discussed in the paper. The paper starts with
the basic approaches of SSNM followed by the
relevance of SSNM in Indian context. The
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importance of remote sensing and mapping in
SSNM are highlighted. This is followed by a
discussion on relevance of soil testing in SSNM
and the concept and achievements of STCR
and its benefits in terms of nutrient response
ratios. Some other relevant models that can
economize on fertilizer use are also discussed.
A special reference is made on the use of
remote sensing and GIS in site specific soil
fertility management. Different Soil Sampling
Strategies for Site Specific Management alongwith their merits and demerits are also
presented. The paper also provides some
recent research achievements of All India
Coordinated Research Project on Soil Test Crop
Response Correlations towards achieving site
specific nutrient prescriptions for sustainable
soil and crop management.
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Soil Biodiversity and Integrated Soil Quality Assessment
D.L.N. Rao
Project Coordinator
All India Network Project on Soil Biodivesity-Biofertilizers
Indian Institute of Soil Science, Bhopal (M.P.)
Introduction
Soil organisms contribute to the
maintenance of soil quality in that they control
the decomposition of plant and animal
materials, biogeochemical cycling of elements,
including nitrogen fixation; the formation of soil
structure and the fate of organics and inorganics
applied to soils. Soils and their biodiversity thus
play a critical role in maintaining soil health.
Non-return or diminished return of organic
matter and residues deprive the soil biota of
their food with loss of soil health and fertility. A
large, diverse, and active population of soil
organisms is the most important indicator of a
healthy soil. The effects of physical and
chemical degradation of soils are obvious. But
the effects of biological degradation which is
caused due to loss of specific soil organic
matter (SOM) fractions (and consequently the
loss
of
microbial
species/communities
dependent on them for nutrition) as well as and
specific toxicity influences on soil flora and
fauna are insidious. Proper management of soil
biodiversity will help in sustainable agriculture
and reduce the cost of external inputs especially
for nutrient supply and crop protection.
Organisms present in soil are classified
into two main groups: (i) soil flora, belonging to
plant kingdom, and (ii) soil fauna, the animal
forms. These are further divided into two
subgroups: macro- and micro-organisms based
on size. Even though fewer in numbers than
microorganisms, macro-organisms are crucial
for soil functions. Soil microflora consists of
heterotrophic and autotrophic bacteria, fungi,
actinomycetes, algae and their various
associations like mycorrhizae etc. Soil
microfauna (protozoa and nematodes) may
reduce or increase microbial numbers and
speed the turnover of microbial biomass. The
latter
effect
enhances
organic
matter
mineralization
and
nutrient
availability.
Mesofauna
(mites,
collembola)
increase
substrate surface by fragmentation. Soil
macrofauna
(ants,
termites,
centipedes,
millipedes,
earthworms)
communite
and
redistribute organic residues in the soil profile
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

(bioturbation). This increases the surface area
and modifies soil structure through formation of
macropores and aggregates through burrowing
activities and faecal pellets. Their other effects
are increased soil aeration, drainage and
turning in of large amount of surface soil.
Some of these organisms like mites, termites
feed on soil microorganisms including plant
pathogens.
Indicators of Soil Biological Health
Although it may be useful to examine
physical, chemical and biological aspects of soil
quality individually, soil should be viewed as an
integrated system. For example, physical and
chemical properties are shaped by biological
activity, and biological activity is enhanced or
limited by chemical and physical condition. A
healthy soil is ‘biologically active’ containing a
wide diversity of microorganisms. Relevant
biological properties include soil organic matter
content, microbial biomass, respiratory activity,
nitrogen mineralization, soil enzymes, soil fauna
and population of suppressive organisms. For a
good working definition of soil biological health
and ease of analysis, biologically active
fractions of SOM and biochemical attributes of
soil have proven more useful.
Particulate organic matter (POM,
>53m) represents a significant proportion of
the slow pool of SOM and is important in
maintaining the stability of macroaggregates
(>250m). POM contains about 20-45% of total
organic carbon and 13-40% of total soil N
(Cambardella and Elliott, 1992). POM and
microbial biomass are considered as biologically
active fractions of SOM and are sensitive
indicators of management-induced changes in
the fate of crop residues and the turnover of
SOM constituents. These have been found to
predict the direction and rate of change of soil
quality earlier and better than other indicators.
Soil
respiration
and
nitrogen
mineralization are widely used as indices of
biological activity. The proportion of microbial
biomass carbon to total organic carbon varies
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from 2-4% in different soils. A decrease of this
proportion over time or with a particular
treatment implies a reduction in microbial
transformation and intensity. The metabolic or
respiratory quotient, qCO2 , which is the amount
of carbon respired per unit of microbial biomass
carbon is a more sensitive indicator of soil
microbial reaction to cropping systems. A lower
value implies a more stable, mature and
efficient system where carbon utilization
efficiency of the microbial population is higher
due to the autochthonous microflora (stable soil
microflora that is always present in low
numbers, lives on the slowly decomposable
stable fractions of SOM and is at equilibrium).
The qCO2 is higher where zymogenous
microflora (that proliferates immediately on
addition of easily decomposable organic
materials and returns to equilibrium numbers
once this substrate is exhausted) predominates.
Dehydrogenase activity has been
widely used as a generalized comparative index
of microbial activity but it has not always been
consistently correlated with microbial activity.
There have been numerous attempts to
correlate soil biology/fertility with the activity of
extra-cellular
soil enzymes but
strong
correlations can only be expected in low input
agricultural systems. Increased activity of
several enzymes has been shown with addition
of organic amendments, and green manure/crop
residues.
Soil fauna communite and redistribute
organic residues in soil, increase the substrate
surface and speed the turnover of microbial
biomass. Enumeration and identification of at
least
the
burrowing
soil
fauna
and
measurements of faecal deposits has been
recommended to be a part of minimum data for
assessing soil health. The influence of some
management interventions on biological health
attributes is discussed in a later section. The
relative importance of these soil health
indicators is difficult to judge and to delineate
any quantitative estimates or limits representing
good, moderate or poor health in various soil
types and land use systems is an even more
complex task with no easy solutions.
Minimum Data
Assessment

Set

for

Soil

Health

It is expensive to devote the time and
effort involved in measuring a number of soil
health indices. In a study on soil quality, the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

sensitivity of the soil quality attributes decreased
in the sequence: Initial potential rate of N
mineralization > C mineralization > wet
aggregate stability > light fraction of SOM > total
organic C or N and highlights that monitoring
only a few sensitive parameters would suffice
(Biederbeck
et
al
1998).
Biological
measurements
viz.
microbial
biomass,
respiration, and ergosterol concentrations have
been suggested as very effective indicators for
assessing long-term soil and crop management
effects on soil quality (Karlen et al 1992).
Crop residues are broken down and
POM is the precursor for formation of microbial
biomass and various carbon fraction in soil. It is
the major source of cellular C and energy for the
heterotrophic microorganisms and nutrients
which are released during decomposition of
POM. The large amount of microbial community
associated with the decomposing POM
produces binding agents such as exocellular
mucilaginous polysaccharides. It acts as a
major food and energy for endogenic soil fauna.
Thus, POM is associated with a multitude of soil
process and functions and is therefore, a key
attribute of soil quality. For example growing of
cover crops led to the accumulation of higher C,
N and P-SOM in soil than by organic manure
treatment.
POM was the best index for biologically
active soil organic matter (Wander et al 1994).
Based on an extensive survey of literature it
was proposed that for a minimum data set,
measurement of microbial biomass carbon,
active (particulate) organic matter, soil
respiration and N mineralisation would suffice to
give a reliable picture of soil biological quality in
cultivated soils (Rao and Manna, 2005; Rao,
2007). Based on our recent studies on the
populations of ologotrophic bacteria, fungi and
actinomycetes; glomalin content (to reflect
mycorrhizal activity); and other reports on fungal
biomass, indicators like ergosterol content,
earthworm population/casts and indicators for
`suppressivenes’, all are highly related to `soil
health’.
The list of indicators is almost a dozen
and one could choose from the list and tailor as
per requirement of a specific situation. The suite
of biodiversity indicators listed above is very
broad based and robust and representative of
the various key players. When complimented
with soil pH, organic matter, few soil enzymes
involved in P and S cycling and some integrated
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measurement of soil aeration of the type
described by Witty and Mytton (2001) below, it
will serve to give a total picture of soil biological
health.
Integrated Measurements of Soil Health
The different metabolic activities of
microorganisms are a crucial basis for the soil
ecosystem function and determine soil
biological health (SBH) but devising a single
integrated index for measurement of SBH is still
a challenge. At present soil testing for `soil
quality’ is based on measurements of dozens of
parameters,
regression analysis to identify
significant
contributory
factors,
principal
components analysis and scatter plots, all of
which are useful for a scientist to identify the
variables but difficult to measure by a farm
manager let alone by a farmer. Whatever the
method, the index should be usable under field
conditions, so that both specialists and
producers can use them to assess soil health.
Despite 15 or more years of research focus on
soil quality we do not have a handle on how to
meaningfully integrate the various indices or use
them in a simple way for farmer’s advisory
purpose.
Farmers easily attribute earthworms
among soil fauna with fertility. In addition, ants
and termites have the most significant effects on
soil structure and function although termites are
a pest as they destroy the seed and emerging
seedlings. it is difficult to make broad
generalizations about earthworms or soil fauna,
in general, as indicators of high quality soils.
Enumeration and identification of at least the
burrowing soil fauna, and measurements of
faecal deposits have been recommended to be
a part of minimum data set for assessing soil
quality.

With respect to field measurements of
soil
biological
quality
and
devising
instrumentation for survey type work, the strong
functional bridges between the physics and
biology of soils needs to be factored in. Strong
negative relationships have been found
between activity of soil enzymes involved in
carbon cycling and soil bulk density (higher BD
in compacted soils leading to lower aeration and
lower enzyme activity) and positive relation with
water infiltration in soils amended with crop
residues and manures (Martens et al 1992).
Further progress was achieved when it was
observed that in soils under clover, the soil
particles are progressively aggregated into
distinct crumbs leading to drastic physical
changes that have a profound effect on soil
function (Witty and Mytton 2001).
As bulk density decreased, water
percolation improved due to better aeration.
They argued that although the soil system is
complex, there are a small number of key
physical and biological processes that when
measured and integrated can be used to
provide an index of soil health. These processes
relate to soil permeability, respiration and
production of a range of gaseous products.
They developed a method for rapid
measurement of soil porosity in the field and
developed a small portable electrochemical
sensor to measure O2 uptake and production of
CO2, NO2, H2S and CH 4 by soils in the field
which formed a basis for development of soil
quality index for pasture soils. Further research
is warranted to develop the theory and practice
of such measurements in various Indian Soils.

Sammi Reddy et al. (2012) designed an
ideal soil health card to bring uniformity among
various cards and recommended that SOM
along with earthworm population will suffice to
index soil biological quality. This avoids
cumbersome
procedures
for
estimating
microbial parameters which require soils to be
brought in fresh state to laboratory or in
rewetting and incubating dried soils for 7-10
days before analysis. Earthworm population in
plow layer in one sq.m. block 2-3 days after a
rain has been used to classify soils into poor
(0-3), fair (4-6) and good ( >6) health.
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Disease scenario in India: Diagnostics and Integrated Management
Strategies for Pulse Crops
Om Gupta
Prof. & Head
Department of Plant Pathology
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
Pulses are an integral part of human
diet since time immemorial because of their
multiple utility. They are the major source of
protein in the predominately vegetarian diet of
the people of India. We grow a greater variety of
pulses than any other country. Globally, India
has the privilege of being the top producer of
pulses accounting 25 per cent of the global
output of 58 m. tones a long cherished
goal. During 2010-11 the country has witnessed
18.2 m tones of pulse production against
the 13-15 m tones obtained during 1960-2009.
No doubt, this success has been possible
due to development of improved production
and
protection
technologies
their
demonstrations in the farmers field, Government
support and the favorable environment
conditions. It is needless to mention that,
at present the per capita availability of pulses
has declined from 69 g to 37 g, which is a
matter of great concern. Incorporation of pulses
in different cropping systems will not only
improve the soil health, system productivity on
the one hand and farmars livelihood and
availability
of pulses in the pulses on the
other. In order to feed the vegetarian population
in the country by 2020 AD, approximately 27 m
tones of pulses will be required. To meet out
this target, we have to further strengthened and
refined the both production and protection
technologies in the background of climate
change.
Several explanations for the
production of pulses have been offered:

low



Most of the pulse crops are grown by
small farmers either on rainfed areas,
marginal lands and as an intercrop of a
cash crops on residual moisture



The use of low input and non availability
of improved seeds and chemical
Poor crop management
Losses due to biotic and abiotic stresses
Inadequate support and marketing
arrangement





Chickpea,
pigeonpea,
mungbean,
urdbean, lentil and fieldpea are the major pulse
crops grown under different agro climatic
conditions viz., north west plain zone, north east
plain zone, central zone and southern zone.
At national level the most important pulse
growing states are Madhya Pradesh, Uttar
Pradesh, Rajasthan, Maharashtra, Andhra
Pradesh, Karnataka , Gujarat , Chhattisgarh and
Bihar which accounts > 90 per cent of the
production.
Disease scenario
Pulses are prone to be attack by large
number of plant pathogens. Among the major
diseases Wilt , Root rot ,Collar rot, Phytophthora
blight, Ascochyta blight , Botrytis grey mould,
Anthracnose Sterility mosaic and Mungbean
yellow mosaic virus (MYMv) are known to limit
the yield potential. Annual crop losses of 8-10
per cent due to disease alone have
been reported (VishwaDhar and Choudhary,
2001). Hence, to mitigate from the losses
caused by these diseases encourage the use of
integrated disease management which is most
compatible, sustainable and ecological sound
combinations of available disease suppression
techniques.
Chickpea and pigeonpea are the two
most important pulse crops, which are attacked
by over 175 and 210 pathogens respectively.
The economically important major diseases of
pulse crops in India are given (Table 1)
Disease diagnostics
Disease diagnostics (disease complex
and confirmation of target diseases) is one of
the most important criteria for its management.
It is therefore advisable that the field symptoms
must be followed with detailed examination of
diseased samples in the laboratory for correct
identification of the diseases being typical
symptoms for identification of the major
diseases of pulse crop under field condition.
[
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Table 1: Major disease problems of pulse crops in India
Crop
Chickpea

Pigeonpea

Mung bean and
urdbean

Field pea

Lentil

Disease

Pathogen

Problem areas

Extent of
Damage (%)
20-25

Wilt / root rots

Fusarium
oxysporum
f.sp.
ciceris, Rhizoctiona
spp., Fusarium spp.

NEPZ, CZ, SZ

Grey mould

Botrytis cinerea

5-10

Ascochyta blight

Ascochyta rabiei

Tarai – UP, Tal
Bihar
NEPZ, CZ, SZ

Wilt

Fusarium udum

NEPZ, SZ

15-20

Sterility mosaic

SMD Virus

NEPZ, SZ

10-15

Phytophthora
blight

Phytophthora
drechsleri
cajani

NEPZ, NWPZ

5-10 (up to 25 in
early crop)

Alternaria blight

Alternaria alternata

NEPZ (post rainy),
NWPZ

5-10

Yellow mosaic

Mungbean yellow
mosaic virus

NEPZ, NWPZ

15-20

Cercospora
spots

Cercospora
canescens
and
Psedocercospora
cruenta

SZ (rabi), NEPZ
(kharif)

10-15

Powdery mildew

Erysiphe polygoni

15-25

Powdery mildew

Erysiphe pisi

CZ (kharif)
SZ (rabi)
All zones

Rust

Uromyces
viciae
fabae
(syn.
U.
fabae)
Uromyces
viciae
fabae
(syn.
U.
fabae)
F. oxysporum f.sp.
lentils, Rhizoctonia
spp.

NEPZ

10-15

NEPZ

10-15

NEPZ, CZ

20-25

Rust

Wilt/root rot

leaf

CHICKPEA (Cicer arietinum L.)
Fusarium wilt (Fusarium oxysporum f.sp.
ciceri)
Seedling stage
Disease can be observed about 3
weeks after sowing. Entire seedlings collapse
without discoloration in 3 to 6 weeks after
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f.sp.

5-10

15-20

sowing. When uprooted, the affected seedling
usually shows uneven shrinking of the stem
above and below the collar region. No rooting on
the outer surface of seedling is seen and black
discoloration or browning of the internal tissues
is clearly visible when the seedlings are split
open vertically.
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Adult stage

Collar rot (Sclerotium rolfsii)

Wilt symptoms in adult plants are very
common at flowering and podding. The affected
plants show characteristic wilting i.e. dropping of
the petioles, rachis and leaflets. The lower
leaves are chlorotic but most of the other leaves
droop while still green. Gradually, all the leaves
turn yellow and then light brown or straw
colored. Dried leaflets are not shed at maturity.
No external rotting, drying or root discoloration
is seen when the wilted plants are uprooted.
When the stem is split vertically, internal
discoloration is seen. The xylem in the central
inner portion (pith part of wood) is discolored
dark brown or black around the collar region.
Sometimes only a few branches are affected,
resulting on partial wilt.

Foliage of diseased plant turns slightly
yellow before death. Drying of plants scattered
throughout the field is an indication of collar rot
infection. The disease is usually observed when
soil moisture is high and relatively warm
conditions prevail at the seedling stage. The
disease incidence decreases with increase in
plant age. The seedling collapse and show
rotting at the collar region and rotten portion is
covered with white mycelial strands.

Wet root rot (Rhizoctonia solani)
Drying of plants scattered throughout
the field is a common field symptom of this
disease. It is often noticed at seedling stage
(upto 8 weeks after sowing) in soils with higher
moisture. Affected seedlings gradually turn
yellow and petioles/leaflets droop. A distinct
dark brown lesion appears above collar region
on the main stem which can extend to lower
branches in older plants. The stem and root
below the lesion shows rotting, frequently with
pinkish mycelial growth.
Dry root rot (Rhizoctonia bataticola)
It is an important root rot disease
prevalent in most of the chickpea growing
countries. The disease usually appears around
flowering and podding stages however,
seedlings may also get infected. Drooping of
petioles and leaflets is confined to top of the
plant. Leaves and stems of affected plant turn
usually to straw color and in some cases brown
color. The tap root is dark, show rotting and
dark, minute ashy to black color sclerotial
bodies are seen on exposed roots. Most of the
lateral and finer roots decay. Roots become
brittle and can be broken easily. Maximum soil
0
temperature above 30 C and moisture stress
favor disease development.

Sclerotinia
sclerotiorum)

stem

rot

(Sclerotinia

The disease is usually seen after the
crop canopy has fully covered the ground and
characterized by the appearance of chlorotic or
drying branches or whole plants scattered in the
field. A web of white mycelial strands appears at
the collar region and may cover the base of
branches. Whitish or brownish irregular-shaped
sclerotia can be seen, occasionally high
moisture and cool weather (200C) favors
disease development.
Ascochyta blight (Ascochyta rabiae)
Although the disease can appear at a
very early crop stage, it is mostly noticed around
flowering and podding as patches of blighted
plants in the field. The initial symptoms are
appearance of water-soaked circular spots with
brown margin on younger leaves at the tip of
branches. Under favorable conditions, the spots
enlarge and coalesce, blighting the leaves and
buds. In cases of severe infection, the entire
plant dries up suddenly. Under unfavorable
conditions, the plants do not die and infection
remains in form of spots/lesions on leaves,
petioles, stem, and pods. Late infection results
in shriveled and infected seeds.
Botrytis grey mould (Botrytis cinerea)

The disease can occur at any crop
stage under excessive soil moisture and at 25300C temperature. Affected plants turn yellow
and wilt. The root system is rotten most of the
finer roots are shed and the remaining roots turn
black in color.

The disease is usually seen at flowering
stage when the crop canopy is fully developed.
Lack of pod setting is the first indication of this
disease. Leaves and stems may not show any
symptoms. Under very high humidity, the
symptoms appear on leaves, stems, flowers and
pods as gray or dark brown lesions covered with
moldy sporophores. Tender branches break off
at the point where grey mould has caused
rotting and the affected leaves and flowers turn
into a rotting mass. On infected plants, the pod
contains either small, shriveled seeds or no
seeds at all. Excessive vegetative growth due to
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much irrigation or rains, close spacing and
0
spreading growth habit, 20-25 C temperature
and
excessive
humidity
around
flowering/podding favours disease development.
Alternaria blight (Alternaria alternata)
Like ascochyta blight and BGM,
Alternaria blight also appears at flowering and
podding stage. Shedding of lower leaves and
sparse podding are the most notable symptoms.
Infection is generally severe on leaves. Initial
lesions on leaflets are water-soaked small,
circular and purple, surrounded by chlorotic
areas with irregular margin. Lesions later turn
brown to dark brown. Under high humidity the
spots coalesce, cover the leaf area and cause
rapid withering of individual leaflets. Sporulation
can be observed with a hand lens. On the stem
the lesions are elongated dark brown to black
and on pods they are circular slightly sunken.
Unmatured affected pods turn dirty black. Under
favourable conditions (similar to AB and BGM),
the entire foliage may die.
Chickpea stunt (Bean (pea) leaf roll virus)
This is most important viral disease of
chickpea prevalent in all chickpea growing
countries. Stunting of plant is most conspicuous
in early infection. In later infections, stunting
may not be obvious, but plant discoloration and
phloem browning are seen. Affected plants can
be easily spotted in the field by their yellow,
orange, or brown discoloration and stunted
growth. The most characteristic symptom of
stunt is phloem browning. The browning is seen
if the bark is removed at the collar region. A
transverse cut reveals a browning or a split
through collar region reveals brown streaks of
discolored phloem cells.
PIGEONPEA [(Cajanus cajan L) millsp ]
Wilt : (Fusarium udum)


Disease occurs when the crop is in
flowering or podding stage, wilted plants
shows purple colour extending upward
from base of main stem. Browning of the
stem below the purple band is the
characteristic feature. On splitting of main
stem brown to blackening of xylem
vessels can be seen.

Phytopthora blight: (Phytophthora drechsleri)
Symptoms:
Initially water soaked lesions appears
on leaves and brown to black, slightly sunken
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

lesions on stem and petioles. Formation of large
galls at the edges of lesions of stem and
branches break at the point of infection.
Sterility mosaic: Virus
Symptoms
Diseased plants exhibits light pale
green small leaves with Yellow green patches.
No formation of flowers and pods. Plants look
like broom. The disease is transmitted by
eryophide mite aceria cajani
MUNG/URDBEAN [(Vignaradiata L.) wilczele]
[(V. mungd L.) Hepper]
Seed and Seedling Rot (Rhizoctonia solani,
Macrophomina
phaseolina,
Pythium
aphanidermatum, Sclerotium rolfsii)
Symptoms
Several fungi growing on the seed coat
of mung/urdbean causes rotting of the seeds
resulting in failure of germination. Leaves of
affected seedlings dry and die suddenly. Basal
portion of the stem weakens and appears brown
in colour. Dried seedlings are seen sparsely
here and there in the field within 3 weeks after
sowing.
Anthracnose (Colletotrichum lindemuthianum,
C. capsici)
Symptoms
The fungus attacks in all aerial Plant
parts and at any stage of plant growth.
Symptoms are circular, black, sunken spots with
dark center and bright red orange margins on
leaves and pods. In severe infections,
the affected parts wither off. Seedlings get
blighted due to infection soon after seed
germination.
Cercospora
canescens)

leaf

spot

(Cercospora

Symptoms
This is an important disease of mung
and urdbean and is usually occurs in a severe
form causing heavy losses in yield. Spots
produced are small, numerous in numbers
with pale brown centre and reddish brown
margin. Similar spots also occur on branches
and pods. Under favourable environmental
conditions severe leaf spotting and defoliation
occurs at the time of flowering and pod
formation.
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Macrophomina
phaseolina)

blight

(Macrophomina

Yellow mosaic (Mungbean yellow mosaic
virus)

Symptoms

Symptoms

The disease appears on the leaves as
dark brown spot, which later on coalesce and
tissue are necrotic which shows blightening
appearance and start draying prematurely.

The disease is more prevalent in
summer. Initially mild scattered yellow spots
appear on young leaves, gradually increase in
size and ultimately turn completely yellow.
Infected leaves also show necrotic symptoms.
Diseased plants are stunted, and produce
very few flowers and pods. Pods of
infected plants are reduced in size and turn
yellow.

Root rot (Rhizoctonia solani)
Symptoms
The pathogen cause seed decay, root
rot, damping off, seedling blight, stem canker
and leaf blight. The disease occurs commonly at
podding stage. In the initial stages, the fungus
causes seed rot, seedling blight and root rot
symptoms. The affected leaves turn yellow in
colour and brown irregular lesions appear on
leaves. On coalescence of such lesions, big
blotches are formed and the affected leaves
start drying prematurely. Roots and basal
portion of the stem becomes black in colour and
the bark peels off easily. The affected plants dry
up gradually. When the tap root of the affected
plant is split open, reddening of internal tissues
is visible.

Leaf curl (Leaf curl virus)
Symptoms
The earliest symptom appears on
youngest leaves as chlorosis around some
lateral veins and its branches near the margin.
The leaves show curling of margin downwards
and sometimes twisting. The vein shows
reddish brown discoloration on the under
surface and extends to the petiole. Plants
shows symptoms within 5 weeks after sowing
growth remains stunted and die due to top
necrosis.

Powdery mildew (Erysiphe polygoni )

LENTIL [Lens culinaris medic]

Symptoms

Wilt, root rot, collar rot (symptoms as
discussed in chickpea)

Powdery mildew is one of the
widespread disease in mung and urdbean.
White powdery patches appear on leaves and
other green parts which later become dull
coloured. These patches gradually increase in
size and become circular covering the lower
surface also. When the infection is severe both
the surfaces of the leaves are completely
covered by whitish powdery growth. Severely
affected parts get shriveled and distorted. In
severe infections, foliage becomes yellow
causing premature defoliation. The disease also
creates forced maturity of the infected plants
which results in heavy yield losses.
Web blight/Aerial blight (Rhizoctonia solani)
Symptoms
Symptoms appear on leaves initially as
small, water-soaked, light green lesions of
various shapes which gradually increase in
number and size attaining reddish brown colour
and spread to young leaves also. Numerous
white sclerotia are formed in the pink coloured
web formed by the fungal mycelium. Affected
leaves shed and drop.

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Rust (Uromyces fabae)
Symptoms
Light to bright yellow rust pustules on
plant parts
Powdery mildew ( Erysiphe sp.)
Symptoms
Powdery growth of the fungus on all plant
parts (leaves, stem, pods) which cause the
defoliation of leaves and reduced yield. Seeds
obtained from the diseased plants are shriveled
and discolored appearance.
FIELDPEA [ Pisum sativum L]
Powery mildew ( Erysiphe pisi )
Symptoms
White powdery growth of fungus
mycelium and spore develop on all plants parts,
which affects the yield due to prematurity of the
crop.
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Downy mildew (Peronospora pisi )
Symptoms
Yellowish spots on upper surface of
leaves corresponding to white grayish cottony
fungal growth on lower surface. Premature
dropping of leaves occurs.
Rust (Uromyces fabae )
Symptoms
Light to bright yellow rust pustules
occurs on plant parts and more on lower surface
of leaves.
Management Strategies
Integrated disease management relies
on a judicious combination of techniques which
include biological control, host plant resistance
and cultural techniques with near total
avoidance of chemical pesticides that rode the
environment. Data generated by ICAR and
SAUs, system have clearly shown that by
adopting this strategy, pesticide usage can be
reduce and yield of crops maximized. Since,
many farmers not familiar with the new
techniques. There is need for supervised
operation at least in early stage or till the
IDM/IPM becomes widely known.
Chickpea
Chickpea is an important rainfed crop
grows in India in an area of 8.5 m tones with 7.8
m tones production and 900-920 kg/ha
productivity. In the present climate conditions
dry root rot and collar rot are emerging as
potential threats especially in dry areas and rice
chickpea or soybean chickpea cropping system.
However, diseases like Ascochyta blight,
Botrytis gray mould are location specific
(northen area, terai region). Efforts made under
National and International progammes have
enabled to identify resistant sources to wilt, dry
root rot and Ascochyta blight diseases and
being utilized in development of disease
resistant, high yelding verities for different
regions of the country.
However, instability of some of these
verities due to pathogenic variability in the
pathogens is hindering away the attempts.(
Annon , 2008., Gupta, et al, 1986., Gupta and
Mishra , 2007)
Identification of resistant sources
against major diseases is a regular feature in
AICRP’s Project, and dual/multiple/stable
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resistant genotypes have been identified (Dubey
and Singh, 2007, Nene et al , 1989, Gupta and
Babbar , 2006 , Gupta et al., 2007, Pande et
al., 2008, Babbar and Gupta, 2009 , Babbar et
al., 2009, Gupta and Mishra , 2009).
Besides resistant varieties other
management options have been developed, but
limited efforts to combat them with the crop
improvement has been made (Kotasthane et al,
1978, Vishwa dhar and Gurha, 1998, Debey et
al. 2001, Dhedhi et al . 2001, Gupta et al.2003,
Vishwa Dhar et al. 2005, Dubey et al. 2011,).
More concentrated efforts are needed to further
refine the available fruitful technologies to make
them profitable and acceptable (Chaudhary et
al. 2008)
Pigeonpea
Pigeonpea is the next important pulse
crop after chickpea and grown in an area of 3.5
m tones with production of 2.6 m tones and
average productivity 700-800kg/ha in various
parts of the country.
The major diseases are Fusarium wilt,
Phytophthora blight and Sterility mosaic. Other
diseases
like
Cercospora
leaf
spot,
Macrophomina blight and Powdery mildew are
location specific. Disease appearance and its
progress depends upon the weather parameters
and crop phenology.
Cultural manipulation viz. deep summer
ploughing, disease free field and seed,
inter/mixed cropping (sorghum, maize, finger
millet, soybean, sesame) crop rotation (non host
crops)
delayed
sowing
have
been
recommended to minimize the wilt incidence
(Reddy et al, 1998, Vishw Dhar et al. 2005). Soil
amendments (green manures, saw dust, oil
cakes) and seed treatment with carbendazim
has been found efficient against wilt
(Kotasthane et al 1987). IDM module for wilt has
also been developed and practiced at farmers
field (Reddy et al. 1998, Vishwa Dhar et al,
2005)
Management of phytophthora blight by
avoiding water logging (ridge and furrow
sowing) has been recommended. Pigeonpea
intercropping with soybean cowpea, groundnut,
mung/urd bean as a cover crop also helps in
reducing the disease incidence. Chaudhary et
al. (2008) recommended the integration of
resistant/tolerant variety, ridge sowing and inter
cropping with mungbean in NEPZ and
combination of ridge sowing + soybean as a
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cover crop and metalaxyl as seed treatment in
Central India. A large number of resistant
sources to wilt and sterility mosaic have been
identified under AICRP through its collaboration
with ICRISAT (Nene et al. 1989, Vishwa Dhar
and Chaudhary 2001; Vishwa Dhar and Reddy,
2004, Pande et al. 2008, Mishra and Vishwa
Dhar, 2010, Anon, 2011c) have been utilized for
breeding the resistant variety suitable for
different parts of the country. However,
variability in pathogens is again a threat to the
stability of released resistant varieties. (Anon,
2008, Tiwari and Vishwa Dhar, 2011)

Soil borne diseases viz, wilt , dry root
rot, collar rot and among foliar rust, powdery
and downy mildew are the major diseases of
lentil. A good deal of work has been done on
identification of resistant sources of wilt and rust
for breeding the resistant varieties (Anon, 2011
a). However, in Indian isolates prevalence of
more than one fol pathogenic groups has been
reported (Anon, 2008). Several workers have
recommended the effective use of fungicides as
seed treatment and foliar spray for the
management of rust. For soil borne diseases
other cultural practices are same as in chickpea.

Mung and urdbean

Fieldpea

Mungbean and urdbean are grown in all
the seasons, however maximum area in under
kharif cultivation where intercropping with
sorghum, pearl millet, maize, cotton, caster,
pigeonpea etc. is very popular. The major grown
states are Rajasthan, Maharashtra, Karnataka,
Andhra Pradesh, Orissa, Bihar, Tamilnadu,
Madhya Pradesh and Uttar Pradesh. Mungbean
and Urdbean is grown 2.84 m. ha and 2.67 m. h
2008-09, with the production of 1.03 in tones
1.17 m. tones in 2008-09 respectively.

Fieldpea is another rabi pulse crop grow
in about 0.76 m ha with annual production of 0.7
m tones. Uttar Pradesh, Madhya Pradesh,
Assam and Orissa are the major fieldpea
growing states. During sixties the cultivation of
fieldpea in northern regions was seriously
affected by powdery mildew disease and the
need for development of resistant varieties was
felt.

Fungal foliar diseases viz. Powdery
mildew, Anthracnose, Macrophomina leaf blight,
Cercospora leaf spot, Web blight) Mung yellow
mosaic virus (MYMV) and leaf wrinkle are the
important diseases.
Management of diseases is being
achieved by using resistant varieties and
chemical alone or in combination. Several
resistant sources to fungal foliar and MYMV
have been developed (VishwaDhar 2001,
Gupta, 2003, Singh et al. 2004, Anon, 2011
a,b). Management through use of carbendazim
and other fungicides have been worked out
(Dubey and Singh, 2006 a, b, Gupta and Khare,
1988; Tiwari and Gupta, 1997). Combination of
seed treatment through thiomethoxam 0.02%
and carbendazim 0.05 percent at 21 days
respectively after sowing enhanced lowest
Cercospora leaf spot and MYMV (Dubey and
Singh, 2010)
Lentil
Among rabi pulses, lentil is next to
chickpea being grown on an area of 1.48 m ha
with annual production of 1.02 m tones. It is
mainly cultivated in UP, MP, Bihar and west
Bangal which together contribute more than 80
per cent area and production of this crop.
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Fieldpea suffers badly from powdery
mildew, downy mildew, wilt, dry root rot, collar
rot and rust. Management of these diseases is
based on the use of resistant varieties, cultural
practices and chemicals (Anon, 2011 a). As per
reports two races of fol are known to occur and
race 1 is reported on India. Seed treatments
with fungicides and antagonists have been
recommended for management of collar and
root rot.
Future prospects
To improve the productivity, an efficient
management practices has been developed for
major diseases which plays a significant role if
they are properly utilized. However, integration
with crop production packages still needs
perfection.
Development
of
disease
management facets viz. cultural practices
especially
RCT
(Resource
conservation
technologies) use of bio-agents in combination
with host plant resistance should be is
essentially required to develop IDM packages
for major diseases. The following areas of
addressed properly for effective management
diseases of pulse crops.


Integrated disease management modules
developed for vascular wilt root rot of
chickpea, wilt and phytophthora blight for

284

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


pigeonpea are to be demonstrated in large
scale.








Traditional farmers has to practice deep
plunging in summer crop rotation,
intercropping, sowing time wider spacing,
limited use to fungicides, coupled with
resistant/ tolerant varieties.
Exploitation of cultural practices, use of
bio-agents as seed treatment /soil
application in combination of host plant
resistance (HPR) has a great scope in the
light of efficient production technologies.
Evaluation of the management options in
farmers field will lead to further refinement
and adopting of the technology. Infect in
recent past years new cultivars remittance
to diseases has been developed but their
effective utilization in disease management
is limited.
Existence of high pathogenic variability in
the newly developed varieties, hence it is
an area of major concern for pathologists
and breeders who are engaged in crop
improvement programme. Understanding
of the pathogenic variability across the
locations will lead to streamline the
resistance breeding programme.



Role of rhizobacteria in improving plant
health/growth, so that it can sustain the
entry of various pathogenic micro
organisms.



Development of efficient strains of bioagents
through
biotechnological
interventions.



Decision support system for economic
management of diseases.
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Introduction
Agricultural
production
system
is
impacted by the soil health so is the soil health of
the area by the existing agricultural production
system. Agricultural production system being a
dynamic but equally important is dynamism of the
soil. In the recent years in efforts to increase the
crop production and resultant decline in soil
health is a matter of worldwide debate.
Never before there have been more
concern of soil health as we hear these days. The
concept has shifted from soil nutrient status to
soil eco-system. Today, presence of soil
microbes (micro-flora and fauna) is set to be
important criteria to determine the soil health than
the yester years of soil nutrient status. Soil
organic carbon promotes microbial population,
while soil organic carbon is mostly through
addition of plant debris. In the days when
deforestation, desertification, climate change and
resource degradation soil is getting deprived of
soil organic carbon and microbial population. In
rainfed and mono-cropped areas declining cattle
population in rural household and improper
management of organic waste is one of the
reasons for low soil organic carbon. Investment in
agriculture for improving soil organic carbon is
high especially in rainfed areas where farmers
are under complex diverse risk prone situation.
However, in many of the rainfed areas in
Shahdol, Anuppur, Seoni, Mandla, Balaghat
district to mention a few there have an increase in
regeneration of Butea monosperma. In these
districts people are conserving B monosperma to
produce Lac by rearing Lac insect Kerria lacca on
it. Lac is a cash crop thus the economic benefits
are driving rainfed farmers to produce Lac. But a
simple doubt anybody may ask is what lac
production has to do with micro-agro-ecosystem
and rural economic improvement. It will be better
understood if the dynamics of micro-agroecosystem and rural economic improvement are
explained separately.
Micro-agro eco system analysis
Agro-ecosystem analysis (AEA) is a
methodology for zoning and analysing
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

agricultural systems in order to plan and
prioritise research and development activities in
the fields of agriculture and natural resource
management. It uses a holistic or systems
approach to gather bio-physical and socioeconomic information and, within the ecosystem,
to identify key issues or problems that will be
useful for rural development, extension and
research programmes.AEA can be conducted at
any level, province, district or zone depending
on particular needs. However when the exercise
is conducted at a village level we call it Microagro eco system analysis (MAEA).MAEA is
undertaken by multi-disciplinary teams through
collection of information Rapid Rural Appraisal
(RRA) and Participatory Rural Appraisal (PRA)
tools. The analysis relies heavily on secondary
data, both bio-physical and socio-economic
information. Examples of bio-physical data are
topography, climate, water resources, geology,
soils, communications, infrastructure, and land
use. It is the key for all rural development
planning.
The purpose of defining agro-ecological
zones is to define areas with fairly homogenous
biophysical and socio-economic conditions or
characteristics. A description and analysis of
each zone can then be undertaken. The analysis
reveals key agricultural, forestry and socioeconomic issues and problems for each zone,
for which solutions can be proposed, some
through research and others by extension and
development.
Local rural economy
"We often look at self-employment as a
stopgap measure, something done out of
desperation," Stephan Goetz, a Professor of
agricultural economics and regional economics at
Pennsylvania State University, said, "but, in fact,
self-employment has a tangible effect in raising
income
growth
and
lowering
poverty.
Decentralization in recent years, there is
increased responsibility being placed on
municipal and/or local government to develop
strategies to increase jobs and revitalise local
and regional economies.
288

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


The concept of local economic
development is based on promoting local
approaches that respond to local needs and
conditions. Local economic development
requires the creation of an environment that
enables the stimulation of new opportunities, in
rural and urban regions where there may be
limited existing opportunities for economic
growth.
Local
economic
development
programmes should aim to strengthen and reenforce good governance, and identify
sustainable income generating opportunities for
the local community, particularly for the poor.For
most smallholder producers, rural economies
driven by the dynamics of local-to-local markets
are far more important.
Recent change in the roles of rural
policies and services to revitalize rural
economies is evident in Indian economy. It
shares experiences and presents (new) insights
on developments, concepts and innovative
approaches that promote demand-driven, rural
economic development that is both inclusive and
sustainable.
Lac cultivation
Lac is the resinous secretion from the
specialized lac glands of a minute insect Kerria
lacca (order Hemiptera, family Coccidea).
These are scale-like insects feeding on host
trees are found in India, Burma, Thailand, Laos,
Cambodia, and Vietnam. The insect feed on the
sap from the succulent shoots of its host plant,
with its piercing and sucking type of mouthparts and secretes resin from its specialized lac
glands on the ventral side. Continuous secretion
of the resin results in its deposition over the
insect body in layers to form an encrustation, at
the end of the season. This encrustation is
called lac. The shoots of the host with lac on it
are called sticklac. Sticklac is cut from the tree
is either scrapped or and broken into small
pieces followed by crushing it, to separate resin
and wood by mechanical means. The resin thus
separated is then washed to partly remove the
dye and dried to obtain seedlac. The seedlac is
the raw material for shellac production.
Lac cultivation is a proven natural
resource based low input enterprise that can
narrow their economic disparity of the resource
poor. Lac is a cash crop, cultivated on natural
existing Palash , Ber and Kusum trees found in
large numbers in their fields, wastelands and
forest areas with least intervention.
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Table-1. Brief information of cultivation
Type of
Lac

Host

Rangeeni Palas,
Ber,
Ghont,
Kusmi
Ber,
Kusum

Brood
inocula
tion
July

Harvest
of lac
October

Name of
the Lac
crop
Katki

October

June

Baishaki

July

January

Aghani

January

JuneJuly

Jetwi

With a network of over 250 traders, two
processing units, abundant Palash trees,
conducive climate and availability of a technical
expertise on Lac are the factors that have
favoured promotion of Lac cultivation in Madhya
Pradesh. In the recent years, Lac sector is
gaining public acceptability due to low input,
marketability, farmer friendly policy and technical
support. Socio-economically disadvantaged group
always look low input activities to overcome their
financial crisis. Lac cultivation promotes
sustainable low input micro economical activities
based on local natural resources and skill to
increase employment opportunities of the poor,
boost productivity. It raises incomes and
promotes food security among the poor section.
Impact on Lac cultivation
As mentioned earlier Lac being a cash
crop it matters a lot to the resource, poor, forest
dependant as well the rainfed farmers. The price
of raw lac increased from Rs45/kg in the year
2000 to Rs 650/kg in June 2012. Normally a
well pruned Ber tree yields 5 to 13kg raw lac
whereas it is 3 to 5 kg from a Palash tree.
According to a social economic study
carried out in the year 2010-11 among 128 Lac
growers of Mediaraas village in Anuppur district ,
the lac growers increasingly invested in the
education, health, social ceremonies and
agriculture. Strengthening of local institutions,
empowerment, participation in the local election
process has been visible in the village.
People conserving Palash trees have
been a positive attitude towards environment
through Lac cultivation. In turn the tree sheds all
its leaves between February to March every year
which adds to the soil. Over the years lac
growers have reported increase in the crop yield
and soil porosity in their field. The village now is
known for its economic and environment growth
in Anuppur. Thanks to the large scale of
adoption of lac cultivation which made a small
beginning with just two people. Today there are
over 20,000 lac growers in Madhya Pradesh.
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Approach for Soil Site Suitability Evaluation
G.P. Gupta
Retd. ADR & Professor (Soil Science)
JN Krishi Vishwa Vidhyalaya, Jabalpur – 482004 (M.P.)
Basic natural resources namely soil, air
and water support all forms of life. Out of these,
soil constitutes an important medium through
which crops are grown, and food is produced.
Aeration in sufficient quantity in proper
proportion is a must to encourage metabolic
processes. Water also plays a significant role in
soil plant growth relationship.
Present day soil studies have been
generally a part of integrated land resource
programme, the major aim of which is often to
increase the crop production and also to
improve proper land use. Soil surveys at one
and locate the highly productive land with a
description of the inherent soil properties and on
the other they also define the so called
unproductive lands and even indicate the
appropriate technologies and cost for their
reclamation.
Many fold problems of the land have
increased due to increasing industrialization
which have resulted in polluting the natural
resource i.e. air, water and soil by way of
enriching with various harmful components.
Considering the food demand of the
future, Planning Commission of India in the year
1989 gave a major priority to inventorization of
soil and water and reclamation of problematic
areas for intensive food production.
Various approaches for land use planning
In order to develop a proper
methodology a number of approaches have
been made from time to time namely:
i)

Interpretational approach (through simple
soil surveys),

and soil slope/erosion hazards and was called
soil mapping unit (cl–d5/A-e1). Soils were
differentiated at high level between peodcals
and pedalfers depending essentially on
colour characteristics and on the eventual
presence of free lime in the profile. Some times
colour criteria was also linked with soil nutrient
status. However, no systematic methodology
with respect to any criteria was followed.
In cultivated areas, the soil appraisal
was based on extrapolation and evaluation of
crop yields obtained on similar well known soils.
In virgin soils an expression of soil fertility status
was based on the existence of native vegetation.
Overall the relative approximations were mainly
left to the personal interpretations of the soil
scientist.
2. Complex agro-pedological approach
After the world war 2nd, it was felt
necessary to develop more systematic approach
towards soil inventorization and their application
to agriculture. It was thought to replace the
personalized way of interpretations through
range of parameters and their ratings. Klingebiel
and Montgomery (1961) developed land
capability classification (LCC) in USA. They in
1966 listed a number of criteria/limitations for
judging the capability of soils to produce crops
which included soil depth, erosion, drainage,
workability, stoniness/ rockiness, WHC, nutrient
availability, salinity/alkalinity/climate. Based on
these parameters, 8 capability classes were
introduced indicating the potential to produce
crops and pasture over a long period of time.
Risk of soil limitations were progressively
greater from class I to class VIII.

1. Interpretational approach

This capability classification system
served the purpose for a longer period.
Wherever later on some of thefollowing
inconveniences were observed by the
researchers and end users.

In early sixties, interpretational approach
was started through simple soil surveys
considering soil mapping and interpretations. It
was mainly based on a few individual profile
characteristics like texture, drainage, soil depth

(i) Provided only general appraisal : The
system led to a general appraisal but did not
deal with the growth and production of specific
crops each having particular requirements. This
was very useful for broad planning purposes at
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regional/national level but lacked to answer
accurately regarding specific agricultural uses.
(ii) Based on soil characteristics:
Parameters considered for land capability
groups, were based on soil properties and no
attention was paid to climate growth
requirements. Capability ratings did not provide
productivity scale for crops.
(iii) Inaccurate criteria for grouping:
Accurate definitions of the criteria especially
ratings for drainage, soil depth or MHC were
provided however, no proper definitions of
climate and soil fertility existed for the purpose
of grouping the soils. This approach also did not
show link with agro-climatic conditions of the
region.
3. Integrated land evaluation approach
Factors influencing crop growth have
direct impact on the production. In this new
approach, prime concern has been given to the
plant and its specific growth requirements. The
capability of a land to produce crops is
determined by the combined effect of
(i) physical (climate, land form pattern, soil and
moisture conditions
(ii) Human (availability of farmers and their
ability and
(iii) Capital resource
resources.

availability

of

funds

Basic Principles
Basic principles of this new approach
include 5 fundamental assumptions.
(i) Specific kind of land use : Land suitability
can only be properly evaluated for specific kind
of use i.e. a preliminary decision has to be taken
with respect to the required land use before the
evaluation procedure is initiated.

higher produce achieved may not be economical
due to main markets located for away from the
place of produce. In other words, the evaluation
of the land must be done considering these
parameters.
(iv) Suitability assessment: The use of land
must be assessed on a sustained basis. One
should not think for short term profitability but on
the contrary long term productivity should be
maintained. Land degradation on the cost of
getting high produce must not be appreciated.
(v) Comparison of more than one single
kind of use: Evaluation is only reliable if the
benefits and inputs from any given kind of use
are comparable with one or several different
alternatives for example comparison of different
crops within one management type and viceversa.
Phases for establishing Soil Site Suitability
The integrated land evaluation system is
basically based on the crop growth requirements
expressed in terms of climatic, soil and
physiographic criteria followed by matching of
those with the corresponding environmental
parameters.
The step by step methodology as
suggested by FAO (1976, 1984) Sys et al.
(1981) and Verheye (1991). Is schematically
represented in figure 1. It has 5 phases :
Phase 1. Identification of land use type: Type
of crop or crop variety as well as the
management type under which production will
take place.
Phase 2. Definition of crop growth and
production conditions: Plant growth requires a
reasonable moisture and nutrient supply linked
to a sufficient rooting depth. The nature of
constraints can broadly be defined as :

(ii) Comparison of benefits: The evaluation
requires a comparison of the benefits obtained
and the inputs needed on different types of the
land. Suitability for each use needs to be
assessed by comparing the required inputs with
the yields or other benefits. This indicates that
highly productive land does not necessarily give
highest benefits.



No limitation - optimal characteristics with
no constraints.



Slight limitation - Nearly optimal for given
land and affects productivity by 20% only.



Moderate limitation- Moderate influence
on yield decrease which reaches upto 50%.
Benefits however, can still be expected.

(iii) Physical, economical and social context
of the area: This refers to the specific crop
growth requirements on one hand and their
marketing values on the other. For example



Severe limitation - Marginal influence of
productivity of the land where yield
decrease reaches below to the profitability
level.
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Phase 3. Collection of environmental data which
directly affect the crop production.
Phase 4. Key operation of the evaluation
procedure: It deals with the matching of the
environmental condition of the area with the
specific crop and production criteria. This
exercise leads to the evaluation for each
individual soil and climatic unit of the nature and
degree of limitations.
Phase 5. Criteria of suitability classification:
based on the number and degree of limitations,
a scale then be established and suitable and
unsuitable lands can be demarcated.
Criteria for Soil site suitability evaluation
(a) Three Category system of FAO (1976)
FAO (1976) introduced 3 category system
approach of the recent evaluation procedure.
The order (kind of suitability) and class (degree
of suitability) proposed are given in table 1.
Table 1. Three category system approach
for land evaluation FAO (1976)
Order (kind of
suitability)
S-suitable land

N-Non suitable
land

Class (degree of suitability)
S1-Highly suitable (Optimum
conditions for plant growth)
S2-Moderately suitable (Affecting
productivity by 20% or less)
S3-Marginally suitable (Severe
limitations but correctable)
N1-Non suitable but potentially
suitable (slightly correctable)
N2- Non suitable because potentially
unsuitable (non correctable)

Further the subclasses that reflect the kinds
of limitations viz., climate (c), topography(t),
wetness(w), physical and soil properties(s)
natural fertility(f) and salinity\alkalinity(a) are
presented in table 2.
Table 2. Kind of limitations
Limitations
Climate

Sym
C

Topography

T

Wetness
Phy.
properties

W
S

Factors
RF (cr), Temp.(ct), Growing
season (cg)
Slope (ts), Relief (tr), Erosion
(te)
Drainage (wd), Flooding (wf)
Depth (sd), Stoniness (ss),
testure (st), lime (sl), gypsum
(sg)
OM (fo), CEC (fc), Base status
(fb)
EC (ac), GW (ag), ESP (ae)

Natural
F
fertility
Salinity /
A
alkalinity
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

(b) Parametric approach of Sys et al (1981)
FAO (1976) system was later on was
modified by Sys et al. (1981). They proposed a
parametric approach for evaluating soil
suitability using Capability Index (Ci) i.e.Ci = A
B C D E F G.
The capability index included seven soil site
factors namely texture (A), soil depth (B),
calcium carbonate status (C), gypsum status
(D), salinity/sodicity (E), drainage condition (F)
and topography (G) that are presented in table
3. The basic calculations are also presented.
Table 3: Ci and their basis for calculations
Symb.

A

Rating for
factors

Basis for
calculation

If the
Soil is

Texture

Taken as 100 for
loam
& < 50 for c and s

loam

B

Soil depth

C

CaCO3
status

D

Gypsum
status
Salinity
alkalinity

F

Drainage
condition

Taken as
fraction of 1
Taken as
fraction of 1
Taken as
fraction of 1
Taken as
fraction of 1
Taken as
fraction of 1

G

Topography
(slope)

Taken as
fraction of 1

E

VD

<1%

5-10%
2-5%
4-8 dSm1

WD

Hence Ci of soil=100 x 1.0 x 0.9 x 0.8 x 0.9 x
1.0 x1.0 = 64.8 or 65 % i.e. suitability is 65 %
After having Ci calculated, a paaticular soil
is ratedeither as excellent, suitable, slightly
suitable, almost unsuitable or unsuitable as
given in table 4.
Table 4. Ratings of soils for suitability using Ci
Capa.
index Suitability
Ci)*

Limita
tions

 80

Excellent

No

60-80

Suitable

Slight

45-60

Slightly
suitable

30-45
< 30

Evaluation

Sym
bols

Optimal for plant
growth
Nearly optimal
(Productivity is
affected by only 20%

0

Mode
rate

Decline of crop yield

2

Almost
unsuitable

Sever
e

Use of soil not
economical

3

Unsuitable

Very
Decrease of yield
severe below profitable level

1

4
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In order to decide the suitability at subclass
level, four major parameters namely soil

physical property(s), salinity/sodicity (a), depth
(d) and topography (t) are considered (Table 5).

Table 5. Kind of limitations used for subclasses
Limitationsan
d symbols

Ratings of

Soil phy. properties (s)

Tex.(A), Depth (B), CaCO3 (C),Gyps.(D)

Salinity/sodicity

(a)

EC and ESP (E)

Depth

(d)

Drainage Condi.(F)

Topography

(t)

Slope (G)

Table 6. Kind and Degree of limitations for wheat crop

Climate
(c)
Topography
(t)

*RF(mm)
*T(° C)
*slope (%)

Wetness
(w)

*Drainage

Land
utilization
type
Plain (irri)
Hill (unirri)
Sprinkler
-

*Flooding
*Depth(cm)

-

Kind of limitation

Physical soil
property
(s)

*Stoniness

*Texture

Natural fertility
(f)
Salinity and
alkalinity
(a)

<50 cm
depth
>50 cm depth
-

*Lime
*Gypsum
*Org.M(%)
*PSB
*ECe
*GW(m)
*ESP

-

Degree of limitations
0
(none)
>750
15-18
0-1
0-3
0-8
Well
Nil
>80

1
2
3
4
(slight) (moderate) (severe) (very severe)
<250
500-750 250-500
18-22
>22
1-3
3-8
8-15
>15
3-8
8-15
15-30
>30
8-15
15-30
>30
Mod
Impeded
Poor V.
V.poor
Well
excess
Excess
Slight
Mod.
Severe
V. severe
50-80
20-50
<20
-

0
0

0
0

1
0

2
1

2
1

si
sil
sicl
scl
3-5
0.3-2.0
>1.5
>80
<2
>1.2
<8

sc
cl

sic
c
ls

ls
fs

cs

<3,15-25
<0.3,2-5
1-1.5
50-80
2-4
1.2-0.5
8-15

25-50
5-10
<1-0
35-50
4-8
<0.5
15-25

50-75
10-25
<35
8-15
25-40

<75
>25
>15
>40

Table7 : Physico-chemical properties of soils on which wheat crop is to be grown
Soil series
(Say)

pH

Ece
(dSm -1)

Clay
(%)

Gyp-sum
(%)

Lime
(%)

CEC

Org. M. (%)

Soil depth
(cm)

GW
Depth
(m)

A

7.0-7.9

2-8

20-40

0.3-0.8

24-27

20-25

2.0

200

5

B

7.6-7.8

8-15

27-31

1-2

23-28

16-18

1.4

200

4

C

7.0-7.8

18-25

37-46

1-5

25-28

17-25

1.7

150

1.5

D

7.0-7.7

19-38

48-53

0.2-1

24-26

23-26

1.1

<20

-
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Table 8 : Degree of limitation and soil site suitability for wheat crop
Degree of limitations due to
Stonine
ss

Texture

Lime

Gypsum

Org.M.

Base
saturati
on

ECe

GW (m)

1
1
1
1

0
0
1
2

0
0
1
2

1
0
1
1

0
0
0
3

0
0
0
0

0
0
0
1

2
1
1
1

0
0
0
0

1
0
0
0

0
0
0
0

2
3
4
4

0
0
0
0

Soil site suitability for wheat: A case study
In order to explain the above new land
evaluation approach, a case study on wheat crop
has been presented in table 6, 7 and 8.
Conclusion
India, followed the USDA system of land
capability classification till 1980 (Vadivelu, 1997)
but lateron started adopting FAO guidelines
(FAO, 1976) and their derivatives for assessing
the suitability of land for growing various crops.

Overall
limitation

Soil site
suitabili
ty
evaluate
d

2
3
4
4

S2a
S3a
N1a
N1as

a

Depth

f

Floodin
g

s

Drainag
e

w

Topogra
phy

A
B
C
D

t

Climate

Soil
series

c

1984). Guidelines : Land evaluation for
rainfed agriculture. FAO Soils Bull No.
52, Rome.

F.A.O.

Klingebiel A. A. and Montgomery P. H. (1961).
Land capability classification USDA Hd
bk. 210 SCS, Washington DC P.21
Klingebiel A. A. and Montgomery P. H. (1966).
Soil
Survey
interpretation,
Land
evaluation
and
land
resource
management. Agropedology. 1: 17-32.

Soil site suitability conditions for various
arable and nonarable crops viz., soybean, rice,
cotton, wheat, sorghum, maize, eucalytus, rubber
etc. have been judged and defined by a number
of scientists of the country.

Sehgal,

Further the scientists of the country,
developed the modified version of land evaluation
guidelines (Sehgal et al. 1989) of FAO (1976)
and Sys et al (1981) by refining the

Sys,

soil site suitability criteria for different crops.
However, still the improvements in the land
evaluation approach are being made by NBSS &
LUP, in India.

Vadivelu S. (1997). On the method of land
evaluation from a case study of
Lakshadweep soils. Agropedology. 7:
102108.
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Study of Benchmark Black Soils and their Suitability Rating
G.P. Tembe
Associate Professor
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004

Vertisols and associated soils, derived
from Deccan trap, have mostly developed
under semi arid and sub humid climatic
conditions. In Madhya Pradesh, vertisols
occupy 16.7 m ha. According to Tomar et al.
(1995), the medium and deep black soils
occupy an area of 16.21 m ha and shallow
and medium black soils 3.06 m ha in the state.
These are spread over central and western
parts of the state, covering Narsinghpur
Hoshangabad, Damoh, Sagar, Raisen, Guna,
Vidisha, Bhopal, Rajgarh, Shajapur, Sehore,
Dewas, Khandwa, Khargone, Indore, Ujjain,
Dhar, Jhabuia, Ratlam, Mandsaur, Jabalpur,
Chhindwara, Seoni and Betul districts. Mixed
with red soils these also occur in Chhatarpur,
Tikamgarh, Sidhi, Rewa, Balaghat, Mandla,
Shahdol, Satna and Panna districts.
Table 1: Distribution of Vertisols in India
(after Murthy et al., 1982)
State

Area
(m/ha)

Maharashtra
29.9
Madhya
16.7
Pradesh
Gujrat
8.2
Andhra
7.2
Pradesh
Karnataka
6.9
Tamil Nadu
3.2
Rajasthan
2.3
Orissa
1.3
Bihar
0.7
Uttar Pradesh Negligible

Percent
of gross
area
under
vertisols
in India

Percent
of total
geograp
hical
area in
India

35.5
23.0

7.9
5.1

11.9
10.0

2.6
2.2

9.4
4.2
3.0
2.0
2.0
-

2.1
1.0
0.7
0.4
0.2
-

With the help of Soil Survey unit,
Department of Agriculture, Madhya Pradesh,
located at Jabalpur, Indore, Hoshangabad and
Sagar, two master soil profiles were exposed
in each major series identified by the NBSS
&B LUP, Nagpur. The area covered included,
Kymore plateau and Satpura hills, central
Narmada valley, Malwa plateau, Nimar valley
and Vindhyam plateau zones covering 32
series of Vertisols and associated soils of the
state (fig. 2.1) Exposed profiles were studied
for morphological and physic-chemical
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

properties of soils. Soils were characterized
and classified to the level of soil family. The
area of benchmark soils has been reported
from soil survey reports of the Department of
Agriculture, Madhya Pradesh, Bhopal and
NBSS & LUP, Nagpur. Vertisols are found to
occur on lower elements of the toposequence
such as pledmont plaints and flood plaints,
while upper slopes of piedmont plains, and
gently sloping piedmonts. Based on aerial
extent, difference in agriculture use and
proportional distribution of different series in
different agroclimatic zones of Madhya
Pradesh,
27
benchmark
soil
series
representing 14 vertisols and 13 Vertic sub
group of inceptisols were selected for more
detailed study including agricultural use. Their
salient features and properties are discussed
under following sections.
Geology
The Madhya Pradesh State is
underlain principally by Deccan trap (34%),
the Vindhyan sandstone (25%), Archaean
gneisses (20%), the Gondwana (10%), older
and newer alluvium (6%) and Lameta
sandstone and limestone (5%).
The Deccan trap covers the major
part of the districts, like Mandala, Seoni,
Chhindwara, Betul, Khargone, Dhar, Indore,
Dewas, Sehore, Shajapur, Ujjain, Ratlam,
Mandsaur, Rajgarh, Guna, Vidisha amd
Sagar. The most common rock is a normal
augite-basalt.
The Vindhyam system is a vast
stratified formation of sandstones, shales and
lime stones. A large area of Vindhyan rock is
covered by the Deccan trap. The Vindhyam
system covers part of Gird region, Damoh,
Panna, Satna, Rewa, Sidhi and Sehore
districts.
The Archaean group of crystalline
rocks, granites and gneisses cover major part
of Bastar, Balaghat, Chhatarpur, Tikamgarh,
Seoni, Chhindwara, and Jhabua districts. The
Gondwana party cover Sidhi, Shadol,
Jabalpur, Chhindwara, Betul, Hoshangabad
districts. These consist of sandstones, shales
intervaded within coal seams.
The rock components of the Jabalpur
district are basically soft, massive sandstones
and white, yellow shales with some lignite and
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coal seams and in addition of few lime stone
bends.
The
Jabalpur
stage
is
of
paleontological interest because of its having
yielded a rich Jurassic flora of newer age viz.
Ioeroalite.
Mineralogy
Soils of Jabalpur, Narsinghpur,
Indore, Sehore and Hoshangabad are
Table 2: Contd.

primarily rich in smectite clay mineral (Tables,
2.2 and 2.3). Its content varies from 60 to 78%
other important clay minerals are kaolinite and
and mica/illite. Quartz content ranges from 5
to 10 percent and that of feldspar from 1 to 3
percent. The surface area of 2 fm clay fraction
varies from 91 to113 m2/g. The internal
surfaces of clay fraction are more than the
external surfaces.

Location of profile
Khamond (depth, m)
Sural (depth, m)
CaCO3 (%)
<0.1
<0.1
<0.1
0.1
CEC (cmol(p+) kg-1)
72.6
76.5
83.0
70.1
Clay mineralogical composition (based on X-ray diffraction)
Mica/lllite
15
15
15
15
Kaolinite
15
10
10
10
Smectite
60
65
70
65
Quartz
10
5
5
10
Feldspar
2
1
1
3
Surface area of 2 fm clay fraction
BET-N2 area (m2/g)
96
113
99
91
EGME retained (Mg/g)
150
161
177
155
Total External surfaces
64
74
66
61
Internal surfaces
86
87
111
94
% smectite Calculated
38
39
50
42
from EGME
Ratio of estimates of
1.6
1.7
1.4
1.6
smectite
and
XRD/
EGME
Parameter

Gotegaon (depth,m)
1.20
1.57
75.5
67.2
+
10
10
5
5
75
70
10
10
2
1
+
108
110
162
147
72
73
90
74
40
33
1.9

2.1

Table 3: Mineralogical composition of clay fraction of some soil series (Vertisols of Madhya
Pradesh (Chaterjee and Rathore, 1976)
Place/(series)

Depth (m)

Clay mineral (% oven dry basis
Smectite
Kaolinite
III ite
Indore
0.1-0.16
78
9
7
Sarol
1.2-1.5
60
8
5
Sehore
0-0.225
60
7
5
Budhwara
1.35-1.65
65
7
5
Powarkheda
0-0.15
60
9
10
Budhwara
1.35-1.65
65
10
10
Jabalpur (Kheri)
0-0.15
70
10
11
1.35-1.65
76
12
12
2.3 Extent and Climate Characteristics of
and probabilities of rainfall, the area has been
Soils
classified into assured rainfall zone (Virmani,
et al. 1982). The area receive assured annual
Climate is also an important factor in
rainfall ranging from 750 to 1250 mm per
assessing the suitability of soils for multiple
annum covering 43 to 77 percent of the
cropping of sequential cropping under rainfed
annual potential evapotranspiraiton (PET).
situations. In the central peninsular India
Extent and climate characteristics of
rainfall mainly concentrated in four months
each soil series studied in the area of
(June 15 to October 15) and dry periods 4-8
Vertisols and associated soils of Madhya
months occur each year. The maximum
0
0
Pradesh are given in table 2.4 Benchmark soil
temperature ranges from 43 C to 45 C in
central to western Madhya Pradesh in may
series of Nimar valley and Malwa plateau
0
occur in semi arid sub tropical monsoon type
and minimum 2.-12 C in December and
January months. The monsoon usually breaks
climate. The mean annual rainfall is 804.5
with storms in the second
to third week
mm, whereas PET is 1728 mm. the area,
of June. On the basis of amount, distribution
therefore, has huge water deficit. Mean pre
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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monsoon and mean winter temperatures are
0
0
28.75 C and 8.75 C, respectively.
Basic and cumulative
different benchmark soils

infiltration

of

Initial infiltration test was carried out at
each site of the benchmark profile using
double ring infiltrometers. The basic infiltration
-1
rate (BIR) varied from 2.0 to 40.0 mm hr
(table 2.6). in kymore plateau and satpura hills
zone, the Sehora and pindral series had BIR
of 3.5 mm hr-1 and 4 mm hr-1 respectively.

Infiltration rate carried out insitu in profiles of
Kheri and nunser series revealed that subsurface layers had very low infiltration rate,
which BIR was lower than 3 mm hr-1, sub
surface layer were impervious due to higher
bulk density values recorded in these profile
layers. In Nunser and Kheri series impervious
layer was in between 120 and 200 cm depth
-1
where the BIR was <2 mm hr as compared
-1
to 3-4 mm hr as compared to 4 mm hr-1 for
-1
surface layers and 8 mm hr for lower layers
(Kaushal, 1981 and Gupta et al., 1976).

Basic Infiltration Rate (BIR) of deep (> 0.80 m) and shallow (< 0.80m) benchmark soils of
different agro-climatic zones of M.P. State
Region/ Agroclimatic zones

Deep soils
Series

Shallow soils
-1

BIR (mm hr )

Series

-1

BIR (mm hr )

Malwa plateau

Sarol

5.0

Kamaliakheri

7.4

Nimar valley

Daswi

10.4

Tonki

15

Mirzapur

8.0

Sengwal

14

Mandleshwar

4.0

beria

12

Bikhron

2.0

Zirnla

11

Chhapari

2.0

Kherighat

8

Bapalgaon

1.5

Masania

5

Khurgaon

3

Bahrampur

2.1

bajatta

2.0

Vindhyan plateau

Marha

10.0

Bishramganj

40.0

Sundra

8.0

Bartuma

27.0

Jamra

7.0

Bamori

10.0

Sontalai

11.5

Rajon

8.0

Budhwara

3.5

Kymore plateau

Amgaon

6.0

and satpura hills

Gopalpur

15.0

Kunda

12.0

Nunser

4.0

Pindral

4.0

Sehora

3.5

Kheri

3.0

Makkee

2.0

Central Narmada
valley

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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Benchmark
soil
of
different
agroclimatic zones have been arranged with
decreasing rate of BIR taking the average
values of test in shallow and deep soils of
different series. In Nimar valley and Malwa
plateau benchmark soils, maximum soils
are under shallow depths. Among shallow
soils, Tonki, Sengwal, Baria and Zirnia soil
series had higher BIR (>10 mm hr-1) and
remaining Kherighat, Masania, Khurgaon,
Bahrampur and Bajatta series had BIR (<
10 mm hr-1). Benchmark soils of Khurgaon,
Bahrampur and Bajatta series had BIR < 5
mm hr-1. In deep benchmark soils Daswi,
Mirzapur and Kamaliakheri series had
higher BIR
(> 5 mm hr-1) than Sarol,
Mandleshwar, Bikhron and Chhapari series
which had < 5 mm hr-1. All the benchmark
soils of Kymore plateau and Satpura hills
are classified as deep soils. Gopalpur and
Kunda soils had higher BIR (>10 mm hr-1)
while, Nunser, Pindrai, Sehora, Kheri and
Makkee soil series had BIR 5 mm hr-1
Lowest BIR was recorded in Makkee (2 mm
hr-1) and Kheri (3 mm hr-1) series. The
benchmark soils of central Narmada valley
are also classified as deep Vertisols. Higher
BIR was recorded in Sontalai (11.5 mm hr-1)
and Rajor (8 mm hr-1) series and lowest in
Budhwara
(3.5 mm hr-1) series. In
Vindhyan
plateau
(Sagar
district),
benchmark soils of Bishramganj, Bartuma
and Bamori are classified as shallow.
Bishramganj and Bartuma soil series had
higher BIR (>25 mm hr-1) as compared to
Bamori series (BIR 10 mm hr-1). In this zone
Marha, Sundra and Jamra asoils are
classified as deep soils which had BIR ≤ 10
mm hr-1.
Marha soils had slightly higher
BIR as compared to Sundara and Jamara
soils.
According to FAO if BIR of soils
varies from 1 mm to 2 mm hr-1 then these
soils are classified as excessively slow
permeable soils. In these soils the ponding
of water may reduce the yield of crops.
Such, situations were observed in
benchmark soils of Kymore plateau and
Satpura hills and Central Narmada valley
zones. As per the FAO norms optimum
infiltration rates are generally within 7 to 35
mm hr-1. Results of this study indicated that
the benchmark soils have dominantly very
low to low BIR and corroborates with the
findings of Shanware and Gawande (1988)
and Bull (1981). The results of this study

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

indicated that out of 20 deep Vertisols 3
belonged to very low and 8 to low BIR.
The mineralogical data of some of
the important benchmark soils presented in
tables 2.2 and 2.3 revealed that these soils
had expanding type of mineral, initially
intake of moisture is fairly high due to large
number of cracks but when these soils swell
on wetting there is substantial reduction in
micro and macro pores resulting in low
water intake. In Vertisols of Jablapur and
Central Narmada valley due to higher clay
content and profile depth the BIR is lower (6
mm hr-1) and classified as very low to low
BIR categories. Critical study of these
benchmark revealed that high concentration
of CaCO3, Fe and Mn concretions, sub
angular blocky structure and presence of
disintegrated murrum layer are responsible
for higher BIR in some of the Vertisol
profiles.
From the BIR data and cumulative
infiltration curves it is concluded that low
category of BIR to be divided into sub
classes viz., class I (3 mm hr-1), class II (310 mm hr-1) and class III (10 mm hr-1). With
these modifications survey investigations on
water intake or infiltration studies can be
helpful in further classifying unsuitable
areas of Vertisols of 3 mm hr-1 BIR and save
post irrigation problems of waterlogging,
salinity, pan formation and so on for
sustainable agricultural production.
Hydraulic conductivity
The hydraulic conductivity of surface
and sub-surface layers of different
benchmark soils was studied and the values
obtained are summarized and presented in
table 4 for reporting the hydraulic
conductivity data of deep soils, 0-70 cm
depth has been denoted as first layer and
70-150 cm/180 cm as second layer. In
shallow soils 0-30 cm has been denoted as
first layer and 30-60 cm depth as sub
surface layer. In most of the cases, the
values were not considered at the depths
where higher rates were observed as
compared to upper layer.
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Table 4: Hydraulic conductivity (mm hr-1) of surface (0-0.1 m) and sub-surface (0.1-0.2 m) of
benchmark soils of M.P.
Deep soils
Shallow soils
Hydraulic conductivity
Hydraulic conductivity
-1
-1
(mm hr )
(mm hr )
Series
Series
Surface
Sub surface
Surface
Sub surface
Daswi
5.40
2.10
Baria
3.7
6.3
Mandleshwar
9.20
3.00
Zirnia
16.8
Bikhron
2.50
0.26
Vindhyan
Marha
12.10
4.30
Bishramganj
83.2
plateau
Sundra
11.45
5.60
Bartuma
29.5
40.6
Jamra
12.10
4.20
Bamori
10.4
Central
Sontalai
18.00
17.50
Narmada
Rajon
17.50
14.90
valley
Budhwara
5.00
3.0
Kymore
Gopalpur
11.8
10.40
plateau and
Kunda
9.3
7.80
satpura hills
Nunser
3.3
3.70
Pindrai
3.9
4.40
Sehora
3.9
2.10
Kheri
3.0
2.20
Makkee
4.7
3.30
retentively even at high soil moisture suctions.
Soil
moisture
retention
and
release
Moisture retention under field conditions of some of
characteristics
the benchmark soils of M.P. State are presented in
table 2.5 and 2.8. Depth wise moisture retention
The
moisture
content
–
suction
and profile available water storage capacity data
relationship is the most important physical property
are given in table 2.5. The available water capacity
of soil which reflects its available soil moisture
data i.e. water retained per unit depth of soil are
storage capacity to support the crop under rainfed
given in table 2.8. these data clearly indicate that if
conditions, drainage behaviour and the ease with
soils are deep, Vertisols will retain high amount of
which the soils can be tilled, the change in bulk
available water. Shallow and light textured retain
density its moisture content and swelling property.
less water. Thus soil and water management
Mineralogical data presented in tables 2.2 and 2.3,
practices and cropping systems will-be different for
revealed that due to relatively high smectite
different soils series.
content, Vertisols had remarkably high moisture
Region/
Agroclimatic
zones
Nimar valley

Table 5: Available water capacity of different Benchmark soils of M.P. State
Region/ Agroclimatic
zone
Malwa plateau
Nimar valley

Vindhyan plateau

Central
Narmada valley
Kymore plateau
And
Satpura hills

Series
Sarol
Daswi
Mirzapur
Mandleshwar
Bikhron
Chhapari

Deep soils
-2
AWC (cm m )
29.65
22.13
25.79
26.81
27.33
26.68

Bapalgaon

26.45

Marha
Sundra
Jamra
Sontalai
Rajon
Budhwara
Gopalpur
Kunda
Nunser
Pindrai
Sehora
Kheri
Makke

12.42
16.53
15.78
7.01
6.44
16.41
5.21
13.15
18.68
20.57
22.05
24.65
19.95

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Shallow soils
-1
Series
AWC (cm m )
Kamaliakheri
10.34
Tonki
13.56
Khurgaon
11.21
Beria
24.25
Zirnia
27.63
Kherighat
22.64
Masania
Baharampur
Bajatta
Sengwal
Bishramganj
Bartuma
Bamori

24.58
28.85
26.82
13.05
8.28
8.63
5.57
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Depth of soil
The major characteristics of vertisols
in this region is that during dry months cracks
develop (2-5 cm wide on the surface) and
taper downward to a depth of 1.0 m or more.
Thick surface layers between the cracks are
separated into massive prism like blocks.
These prismatic structure break into
subangular or angular blocky peds at places
with shiny pressure faces. In most of the
vertisol pedons studied of kymore plateau and
satpura hills and central narmada valley.

derived from Basalt or basic rockmaterial
rich in Mafic minerals and alkaline earth. The
solum depth of Kamaliakheri series (Paralithic
Vertic ustochrept) is 0.45 m and that of the
Sarol soils 0.60 m Marha soils have the
highest silt and lowest clay percent in control
section (approximately) between 0.25 and 1
meter) and Kheri soils have lowest silt and
highest clay percent. Kamaliakheri and Kheri
soils have the same clay content and slighly
higher than other soils, although content of silt
are similar.

Vertisol profiles are deep to very deep
(1.0
m
to 1.8 m). while Vertic sub groups
Intersecting slickensides forming the surface
inceptisols
are generally shallow (0.40 wedge shaped structural aggregates are
0.60m).
As
discussed and suggested by
found below 0.4-0.5 m. slickensides are
Sehgal et al. (1992). The minimum depth of
observed to a depth of 160 cm from the
vertisol should be 0.80 m instead of 0.50 m as
surface.
defined in soil taxonomy (USDA Soil Survey
In most of the soil series studied,
Staff, 1975). The profile study carried out in
depth ranged from 0.20 m to 1.80 m depth.
this project also suggest that the minimum
These soils situated on piedmont plains and
depth criteria should be 0.80 m for interpreting
old flood plains of mature river system in
soils for agricultural use in management
central peninsular India with 1-3% slope, and
practices under irrigated and rainfed farming
developed into deep outwash or alluvium
situations.
Table 7: Categories of soil properties for suitability ratings
Categories
Soil property

Well suited
(S1)

Moderately
suited (S2)

Poorly
suited (S3)

Depth (cm)

>100

100-45

<45

Clay content of 0 to 50 cm
(%”)

40-50

50-60

>60

Bulk density of fine textured
-3
soil (Mgm )

<1.0

1.0 to 1.3

>1.3

Bulk density of fine textured
-3
soil (Mgm )

<1.4

1.4 to 1.6

>1.6

6.0 to 7.5

7.5 to 8.5

>8.5

CEC of 0-50 cm (cmol) (p+)
-1
kg

>40

40 to 20

<20

AWC (mm m-1)

>100

100 to 45

<45

2.0 to 6.25

0.8 to 2.0

0.4 to 0.8

pH

BIR (cm hr-1)

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Very Poorly
(S4)

<0.4
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Table 8: General soil suitability ratings of different soil series of Nimar valley and
plateau

Malwa

Name of soil series

Soil
property
Kg

Mn

Tk

Sw

Bm

Ba

Zn

Mp

Bj

Cp

Bk

Bp

Dw

Mw

Kh

Kkh

Sri

Sgr

Depth (cm)

S2

S3

S3

S3

S2

S3

S3

S1

S2

S1

S1

S1

S1

S1

S2

S2

S1

S1

Clay
content
Bulk density
-3
(Mgm )

-

-

-

-

S1

S1

-

S1

S1

-

S1

-

-

S1

-

S1

S1

-

A)Fine
textured soil

-

-

-

-

-

-

-

S3

S3

-

S3

-

-

S3

-

-

S3

-

B)medium
texture soil

S2

S2

S2

S3

S3

S3

-

-

-

S2

-

S3

S2

S1

-

-

-

S2

Soil
reaction: pH

S1

S2

S2

S2

S1

S2

S2

-

S1

S2

S1

S2

S2

S2

S2

S1

S1

S1

CEC
(cmol(p+)
-1
kg )

-

S2

S2

S3

S1

S2

S2

-

S1

S3

S3

S1

-

S1

S1

-

-

-

AWC
-1
(mm m )

-

-

-

-

-

-

-

S3

-

S3

S3

S3

S3

S3

S3

-

-

-

S3

S2

S2

S1

-

S2

S1

S3

S3

S4

S4

S4

S2

S3

S3

S1

S1

Infiltration
-1
rate (cm hr )
(Suitability for S4
irrigation
class)

Kg-Khurgaon, Mn-Masania, Tk-Tonki, Sw-Sehgwal, Bm-Bahrampur, Ba-Baria, Za-Zirnia, MpMirzapur, Bj-Bajatta, Cp-Chhapri, Bk-Bikhron, Bp-Bapalgaon, Dw-Daswi, Mw-Mandleshwar, KhKherighat, Kkh-Kamliakheri, Srl-Sarol, Sgr-Songuraria.
2.5 General Soil Suitability Ratings of
Different Benchmark Soils for Crop
Production
Sarol soils belong to the family of fine
montmorillonitic
hyperthermic
Typic
Haplustert. The major differences in physical
and chemical properties can be deduced from
tables 2 to 3 sarol soils are well drained as
compared to Kheri and other series. This had
noticeable effect on the performance of rainy
season crops grown in these soils. The
reasons for the difference are probably that
Kheri soils have more fine clay, somewhat
more magnesium and Sodium ions on the
exchange complex than that of the sarol and
Kamaliakheri soils (Chatterjee and Rathore,
1975). Kheri soils thus have very hard
consistency when dry and surface horizons
breakup into very hard, massive, prismatic
blocks some 20-30 mm in size. Sarol soils are
somewhat in better structure, have softer
consistency and the surface of the dry soils is
covered by 20-30 mm thick loose pulverized
granular surface mulch (Gupta, 1991).
Although both soils are high in Vertisols
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

having >60 percent clay are classified into
very fine familes and Kheri, and Nunsar all
meet this criteria. Kheri soils have the large
amount of exchangeable Mg++ in the upper
horizon. These soils are largely used for
paddy cultivation. The presence of high Mg++
which relates to water logging is probably a
direct, result of this agriculture use. Among
benchmark soils of Kymore plateau and
Satpura hills, paddy is an important crop
which is grown only in Kheri soils having
highest annual rainfall among all the soils
reported in this report. Traditional combination
of sorghum and pulses, sorghum and cotton
and cotton and pulses are generally grown in
rainfed situation of Malwa and Nimar valley
soils where annual rainfall is <1000 mm. in
some of the soils of Nimar valley and Malwa
plateau cotton is grown extensively. In the rabi
season wheat, chickpea, lentil and linseed are
commonly grown in these soils.
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Table 9:

General soil suitability ratings of different soil series of Narmada valley
(Hoshangabad district)
Soil property

Name of soil series
Rn
St
S1
S1
S1

Bw
S1
S1

Depth (cm)
Clay content %

Nk
S2
-

Mg
S2
-

-

--

S2
-

S1
--

-3

Bulk density (Mgm )
A)Fine textured soil
B)medium texture soil
Soil reaction: pH
CEC (cmol(p+)kg-1)
-1
AWC (mm m )
Infiltration rate (cm hr-1)

S1
S1
S1
S2
S3

S2
S1
S1
S2
S4

-S2
S2
S3

(Suitability for irrigation class)
Bw – Budhwara, Rn- Rajon, St- Sontalal, Nk Neemkheda, Mg- Mahendgaon
Table 10:

General soil suitability ratings of different soil series of Kymore plateau and
Satpura hills

Soil property
Depth (cm)
Clay content %
-3
Bulk density (Mgm )
A)Fine textured soil
B)medium texture soil
Soil reaction: pH
CEC (cmol(p+)kg-1)
AWC (mm m-1)
Infiltration rate (cm hr-1)
(Suitability for irrigation class)

Name of soil series
Knd
Pnd
Sha
Mk
-S1
S
S1
S1
S1
S2

Amg
S1
S2

Gol
S1
-

S2
S1
S2

S1
S1
S3

S2
S1
S2

S3
-S2
S2

S3
S2
S

S4

S3

S4

S5

S5

Nun
S1

Khr
S3

S3
S2
S1

S3
S2
S1

S3
S1
S1

S4

S5

S3

Reference:
Tomar S. S., Tembe G. P., Sharma S. K., Bhadauria U.P.S, Tomar U. S. (1996), improvement of
physical conditions of black soils in Madhya Pradesh (Research highlights) bulletin published
by Department of Soil Science and Agricultural Chemistry JNKVV, Jabalpur (M.P.) and ICAR
New-Delhi
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Technologies Available in Biofertilizers Production
N.G. Mitra
Principal Scientist
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004
Introduction
The success of green revolution
depends upon the availability of fertilizes, high
yielding of seeds, improved agronomical
practices and timely availability of water. The
demand for nitrogenous fertilizers has been
increasing but its production has always fallen
short.
In such a scenario, the use of
microbes who do not need fossil energy is of
immense value, low input sustain farming
through biological nitrogen fixation or
increased efficiency of fertilizers applied. The
part of increasing deficit of nitrogenous
fertilizers can be made up if part of the vast
reservoir of atmospheric nitrogen in a simpler
way-in the nodules of roots legume plants e.g.
soybean, groundnut, chickpea, etc. These are
called natures mini fertilizer factories.
Biofertilizers have an important role to play in
improving nutrient supplies and their crop
availability in the years to come. They are of
environment friendly non-bulky and low cost
agricultural inputs. A biofertilizers is an
organic product containing a specific microorganisms in concentrated from which is
derived either from the plant roots or from the
soil root zone (Rhizosphere).
1. Nitrogen Fixing bacteria (NFB)
a)

Symbiotically by Rhizobium,

b)

Non symbiotically
Azospirillum,

by

Azotobacter,

Potassium mobilizing micro-organism
(KMB-Frateuria aurentia)

4. Zinc and Sulphur solubilizing bacteria
(Thiobacillus spp.)
5.

Manganese
citrinum)

solubilizer

i. Crops suffer from potassium deficiency
because of excessive use of nitrogen
based fertilizers.
ii. Excessive potassium treatment decrease
available nutritive food such as ascorbic
acid etc.
iii. Continuous use of ammonium fertilizes
increase soil acidity and radioactivity.
iv. Chemical fertilizers have less effect on
succeeding crops.
On the other hand biofertilizers are
advantageous over chemical fertilizers due to
low cost, simple methodology of production,
no any hazard to agroecosystem and
considerable residual effect on succeeding
crop, reported from the application of 30 - 40
kgN/ha; Phosphorous 5-10 kg P2O5/ha;
Potassium 10-15 kg K2O/ha. Biofertilizers
make a significant contribution towards the
development of strategies for productivity
improvement and help for economizing the
production cost. Since long effect of nitrogen
fixers, phosphate solubilizers singly has been
studied by many workers on many crops. But
no work on combined effect of inoculant has
been reported.
Types of Biofertilizers Formulations

2. Phosphorous solubilizing micro-organism
(PSM)
3.

recent years, a need has arisen for organic
fertilizers including biofertilizers to minimize
our dependence on fertilizer nitrogen,
phosphorous or potassium. The reasons are
many

(Pencillium

Biofertilizers are the preparations
containing cells of microorganisms which may
be nitrogen fixers, phosphorus solubilizers,
Potassium
mobilizing
micro-organism
(Frateuria aurentia) sulphur oxidizers or
organic matter decomposers. In short, they
are called as bioinoculants which on supply to
plants improve their growth and yield. In
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

There are a wide variety of
formulation types, both liquid and solid. The
main types currently used for organisms have
been classified by into dry products (dusts,
granules and briquettes) and suspension
(water-based and emulsions). A wider range
of formulation types, together with additive
types are
1. Carrier Based Biofertilizers
1.1. Dry Products
These comprise dusts, granules a
classification based on particle or aggregate
size. Also included in this group are wettable
powders, which are formulated as dry powder
designed to be added to a liquid carrier,
normally water, just before application.
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1.1.1.

Dusts

1.1.3.

Based on inert diluents or carriers,
normally of low absorbent capacity, these
have particle size ranging from 5-20 mm.
Particles of <10 mm are so an inhalation
hazard, but the smaller particles adhere best.
Minerals such as lignite, vermiculite, clays, etc
are often the first choice of manufacturers, but
silica minerals are also used varying the
proportions to obtain the desired bulk density.
Dusts typically contain <10% of an organism
by weight. The proportion of components is
varied to form a free-flowing, fluffy powder
which does not stick to machinery or allow
separation of the organisms from the diluent
during transport, storage and application.
Separation of organisms occurs if diluent
particles are larger in size.
1.1.2.

Granules, Briquettes, Pellets and
Capsules
3

Granules are discrete masses 5-10 mm in
3
size, pellets are >10 mm and briquettes are
large blocks up to several cubic centimeters;
the sizes are defined as in case of dusts.
These products contain an inert carrier like
charcoal, lignite, vermiculite, clay, coirpit, etc.
holding the organisms. Other Carriers include
clay minerals, starch polymers, dry fertilizers
and ground plant residues. Choice of carrier
depends on absorption (more important for
formulating slurries of organisms), hardness,
bulk density and product disintegration rate in
water.
Soft
carriers,
e.g.,
bentonite,
disintegrate quickly to release the organism.
The product can be coated with various
materials to slow and control the rate of
release, which also depends on unit size.
Typically the concentration of organisms 512%, usually <15%. Some producers also use
seaweed extract with bacteria. The product is
picking up in some states. However, there are
three types of granules.
1. The organisms are attached to the outer
surface of a granular carrier in a rotating
drum by a sticker
2. The organisms are sprayed onto a granular
carrier without a sticker along with
seaweed. Mostly, producer adopted this
process.
3. The organisms are incorporated into a
carrier paste or power which sets as a
matrix size being controlled by passing the
product through a sieve. It is the most
common, but very few manufactures
adopted it; perhaps, because the cost of
production is high and market competition.
Although the process is most effective.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Wettable powder
dispersible granules

and

water

Earlier
Rhizobium
commercial
products were made as wettable powders,
because they were relatively easy to produce.
It is now realized, however, that these
formulations
have
two
disadvantages:
difficulty with mixing into water and
comparatively large particle size. Wettable
powders consist of technical powders plus
additives to make them readily miscible with
water and stable during storage on the shelf.
Up to 80% of the product can be technical
powder the remainder being fillers, surfactants
and dispersants included to improve
application and handling.
1.2. Liquid Biofertilizers (Formulations)
A formulation comprises aids to
preserving organisms, to delivering them to
their targets and once there, to improving their
activities. A technical concentrate of an
organism that has been formulated is termed
a formulation, or product which may be stored
and put on sale commercially.
Liquid Biofertilizers are special liquid
formulation containing not only the desired
microorganisms and their nutrients, but also
special cell protectants or substances that
encourage formation of resting spores or cysts
for longer shelf life and tolerance to adverse
conditions.
Reasons for failure of carrier based
biofertilizers:

















Short Shelf life
Sensitivity to temperature
Dosage contradictory to farmers
Lack of identifiable character
Lack of instant visual effects on application
Unavailability of good carrier in local area
Quality in consistency of carriers
Poor cell protection
Poor moisture retention capacity
Bulk sterilization problem in terms of
economic and facilities
Problem of proper packing
High transport cost
Labour intensive
Restriction on use as a measure of
conservation (wood charcoal)
For quality control takes more time
Very slow adoption by farmers
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Advantages of Liquid Biofertilizers:
 Better shelf life
 No effect of high temperature
 Identified by typical fermented smell
 No loss of properties due to sub-culturing
 Better survival on seeds and soil
 Cost saving on carrier material,
pulverization, neutralization, sterilization,
packing and transport
 No contamination etc.
 Easy to quality control
 Dosages is 10 times less than carrier
biofertilizers
 Greater potentials to fight with native
population
The number of products are sold in
market in the liquid form. Few of them have a
good impact on the crops as well as the
farmers acceptability. All the product available
in the market have a separate bacteria like
Azospirillum,
Azotobacter,
Rhizobium,
Phosphorous solubilizing micro-organism,
Potassium
mobilizing
micro-organism
(Frateuria
aurentia)
and
PGPR
(Pseudomonas fluorescence). The use of
these product in the field needs about 3-4
products to get the N, P, K nutrient for
maximum yield. The price of these product
varies Rs. 200- 400/- per liter, which is costly
to afford by small and marginal farmer. Hence,
the product is popular among few section of
the farmers, either who have big holding or
have a capacity to purchase these products.
The growing demand of product shows that
the performance of the liquid biofertilizers are
incredible, provided the quality is maintained.
1.2.1.

Dormant Aqueous Suspension

Currently
several
commercial
products are available in the market following
the dormant technology. Generally, they are
using growth suppressants, contaminant
suppressant like sodium azide, sodium
benzoate, butanol, acetone, fungicides,
insecticides, etc. for the long term viability. It
has been experienced, that these formulations
are not suitable for short duration crops,
where actions are required immediately. It has
been observed that the Rhizobium dormant
liquid formulations, when used after 8 months
of storage reduced the size of the nodules and
minimize the nitrogen fixation process. In
cases of Azospirillum, Azotobacter and PSM,
these bacteria cross the extreme dormant
stage. Therefore, when they are applied on
crops they take prolonged reactivation time,
which is not desirable for short duration crops
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Use of Pvp K30 in liquid formulation:
Polyvinylpyrrolidone
(Pvp),
also
commonly called Polyvidone or Povidone, is a
water-soluble polymer made from the
monomer N-vinylpyrrolidone. Pvp is soluble in
water and other polar solvents. When dry it is
a light flaky powder, which readily absorbs up
to 40% of its weight in atmospheric water. In
solution, it has excellent wetting properties
and readily forms films. This makes it good as
a coating or an additive to coatings.
Chemical name: Poly[1-(2-oxo-1pyrrolidinyl)ethylene]; Molecular Formula:
(C6H9NO)n; CAS No.: 9003-39-8; K30 is
catalogue listing
It has been noted the number of
workers are using Pvp K-30 in their liquid
formulation with amended media after it had
been published by NIFTAL on trail basis. The
same media was slightly changed by the
Indian workers and published for the
multiplication of different biofertilizers.
Pvp
K-30
has
the
following
disadvantage: Pvp K-30 contains nitrogen
which provides faster growth of bacteria
during multiplication in the small scale.
However, when it starts large scale
production, it fails due to nitrogen content. It
allows bulging/bursting bottle. The use of Pvp
K-30 ensures maximum contamination due to
its nitrogen content. Hence, the quality of the
product deteriorates after 2-4 months. It was
also noted the efficiency of the nitrogen fixing
bacteria
like
Rhizobium,
Azospirillum,
Azotobacter
decrease
drastically.
The
performance of the PSM culture is also
affected as it's solubilizing power decrease
about 60-80% in the field. The Pvp material
available in the market is not good quality,
contains heavy metals, which affects the
quality of the product and also have no export
value as it crossed the permissible limits of
heavy metals.
1.2.2. Dormant Oil Suspension
Microorganisms can be suspended in
oil at high concentration in various degrees of
dehydration to remain viable. This formulation
delivers organisms in a physiologically
dormant state and dose not encourage the
growth of contaminants during the storage.
The bacteria / fungus have been successfully
dried by continuous aeration as a suspension
in oil to provide inoculants with Shelf life of
several years.
The oil suspension (mainly coconut
oil) available are not so promising as claimed
and also has the limitation in reactivating the
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bacteria. It generally takes 10 - 20 days to
regenerate and the initial requirement of the
plant is not fulfilled by them.
To cope up with this problem, a
combined
formulation
from
nitrogen,
phosphorus, potash cultures has been proved
more successful.
Apart from giving maximum benefit,
the concept of combined culture (NPK) is cost
effective i.e. about Rs. 400-450 per litre.
Manufacturing this culture is a very difficult
task as each bacterium has different
characteristics and secretes different enzymes
and organic acids. The compatibility of
bacterium is the main task in the
manufacturing process.
The different cultures are multiplied
separately and mixed with the liquid base
material which are suitable for all NPK
bacteria. The survivability of the culture was
recorded, which showed that Azospirillum
could survive upto 12 months, whereas
phosphorus and potash bacteria for more than
a year except Rhizobium combination.
The salient features of NPK formulations
are as
 Due to bacterial secretion of organic acid
and enzymes, this formulated product is
high in nutrition. Hence, crop response can
be noted within 5 days of application.
 Even when the product expires and the
bacteria die, the impact on the growth of
crops is yet noticeable.
 Each NPK bacteria survives for a year and
8
its minimum count is 1x10 cells per ml.
Basic Concept of Liquid Formulation
 To
stabilize
the
organism
during
production, distribution and storage;
 To aid handing and application of the
product so that it is easily delivered to the
target in the appropriate manner and form.
 To protect the agent from harmful
environmental factors at the target site,
thereby increasing persistence.
 To enhance activity of the organism at the
target site by increasing its activity,
reproduction, contact and interaction with
the target crop.
1.2.3. Production of Liquid Biofertilizers
The bacteria of NPK are multiplied in
fermentor. Liquid suspension concentrate is
formulated from ex-fermentor slurry of each
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

organism. The base material contains
emulsifier,
dispersant,
cell
protectant,
moisturizer,
humectants,
etc.,
and
micronutrients. Dyes can be incorporated in
base material, since it has no adverse effect
on the growth of bacteria. The choice of dye is
individual preference.
Use of additives: Additives was used in the
formulation which help a spray/dip irrigation to
reach its target and improve performance
once it is there. The efficiency of each type of
additive in functionally increasing the potency
of a NPK- Inoculants or decreasing the
adverse effects of the hazards.
Use of wetters: They improve spray coverage
on hydrophobic leaf surfaces. They facilitate
mixing into water of hydrophobic spores and
toxic crystals. They are also used to form
emulsions between chemical used and water
by reducing interfacial tension and surface
tension summarizes uses, qualities and
performances of many wetters, as well as the
concentrations in formulation depends upon at
which they are applied. However, it is used @
0.01-5% in fermentor base material. Briefly,
the best include the Tritons, Tweens and the
new organosilicone super spreaders: nonionic wetters are preferable.
Use of stickers: Sticker plays an important
role in NPK liquid formulation in ensuring that
the inoculant adheres to seed They also
protect the bacteria from desiccation and
therefore contribute to the shelf-life and
efficacy of the inoculant. Much work has
evaluated the effectiveness of a wide range of
potential stickers. Carboxymethylcellulose (4%
3
w/v) was excellent sticker, binding over 10 4
10 inoculant per seed and protecting the
bacteria from desiccation. Readily available
wallpaper glue (10% w/v ) bound more
inoculant per seed. Water, sugar, corn syrup,
honey and evaporated milk were poor stickers
and did not protect the bacteria. NPK-liquid
culture contains sticker which absorb excess
moisture and provide better survivability of
micro-organism.
Use of humectants: For maximum microbes,
it may be necessary to increase the water
availability in a formulation by addition of
humectants. Humectants, such as glycerol,
glycols or molasses, increase hygroscopicity
to reduce evaporation. Suspended particles,
such as microbes, also alter physical aspects
of drops. Humectants in the fermentation
medium also increase the subsequent shelflife of NPK organism.
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Base material was sterilized separately after
o
Adjusting pH 6.8. Autoclave at 121 C and 15
Ibs. Autoclaving time depends upon volume of
media to be sterilized, the following data given
on experience basis’s as

 Enhancing activity
Liquid Formulations: contains (by wt)
 Desired Microorganisms: 10 - 40%
 Suspended ingredient: 1 - 3%

Up to 500 ml

20 minutes

1000 ml

30 minutes

 Surfactant: 3 - 8%

2.0-4.0 liters

40 minutes

 Liquid carrier (or water): 35 - 65%

5.0-10.0 liters

45 minutes

11.0-50 liters

50 minutes

51-70 liters

55 minutes

80-120 liters

80 minutes

130-500 liters

1 hour 30 minutes

30% of the broth material was added
to base material and left for curing to 72 hours
for stabilization. In general, stabilization of
activity in aqueous emulsions is more difficult
and shelf-life is shorter if not allowed 72 hours
for curing. The formation of emulsions from
the
aqueous
concentrate
improves
stabilization of the physical state of a product.
It reduces sedimentation of particles during
storage. It mainly involves the prevention of
microbial growth and the action of enzymes,
most of which have alkaline or near neutral
optima. It is achieved by lowering the pH of
raw ex-fermentor material and by adding
preservatives
such
as
xylem
sugar
concentrates or antibiotics, and preservatives
common in the food and cosmetics industries.
Suitable
preservatives
include
sodium
benzoate, benzalkonium chloride, sorbic acid
and propionate.
Organisms are particulate, which
further
complicates
formulation.
Since
beneficial organisms are regarded as
environmentally friendly, it is advisable that
any formulation additive also should be
environmentally friendly, in order to retain this
advantage.
Special Features of Liquid Formulation of
Biofertilizers
Things that are Essential to produce a High
Quality Liquid Biofertilizers:
 A suitable fermentation medium
 A suitable vessel fermentor
 A suitable set up and place for bottling
Basic Concepts of Liquid Formulations
 Stabilization
 Persistence
 Good Delivery
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 Dispersant: 1 - 5%

Special Features of Liquid formulation:
 Stabilization by adding additives etc.
 pH buffer maintained by adding some
additives.
 Prevent clumping of the organisms and
ensure its ready resuspension after
prolonged storage.
 Addition of surfactant or oil and emulsifier
to water or use of pure oil.
 Liquid efficiency is almost same in all
environment.
 Sunscreens added to a formulation to
protect microorganism from UV-rays.
 Microbes in liquid formulation grow at 37oC
and able to tolerate temperature up to
o
45 C.
 Liquid formulation contains humectants
facilitates easy germination on target site.
Deterioration of Liquid Formulation
There
are
many
causes
of
deterioration of bacteria, because they have
live components and complex proteins, such
as crystal toxic and polyhedron NPKformulation needs more attention otherwise it
start deterioration at the different stages of
production, storage and transport. The
principal causes of deterioration are high
temperature, length of time of exposure to
causative factors, presence of free water (as
opposed to molecularly bound water), adverse
pH,
enzymes
(particularly
proteases),
surfactants and combinations of these factors.
Some substances, e.g., certain sugars and
amino acids, stimulate bacterial spores to
germinate and lose their innate resistance to
adverse factors. Some time elapses between
stopping the production process and
preservation by drying. Deterioration in
fermenter liquors can be minimizes by cooling
and lowering pH to a minimum of 6.0-6.9 to
curb not only dissolution of the NPK-bacteria.
However, it is recommended us of buffering at
pH 6-6.5 by addition of food grade stabilizers,
e.g., ascorbic acid, to simultaneously prevent
growth of contaminant microorganisms. The
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above
conditions
established
during
stabilization and harvest allow stable shelf
storage of NPK – microbes for 12-18 month to
many years, depending on formulation type.
Formulation counteracts most cases of
deterioration by using a series of additive.
Basic Laboratory Facilities required for
production of Liquid Biofertilizers / Biocontrol Agents (1 lakh litre per annum) /
and Quality Control
Since Biofertilizer production involves
microorganisms which are cultured and tested
periodically under sterile conditions, the
following equipments and laboratory facilities
are essential.
1. Laminar Air Flow Cabinet (Horizontal type
with 0.2 micron German made happa
filter) - 2 nos.
2. Phase Contrast microscope-1no.
3. BOD Incubators-2 nos.
4. Fermentors with attachment of computer
for reading the pH and temperature 1000
lit. Capacity of each - 2 nos.
5. Horizontal autoclave - 1 no.
6. Orbital Shaker (small) - 1 no.
7. Bottle filling machine, automatic - 1 no.
With sterilized pipelines
8. Air filter system (0.1 micron) to supply
pressurized air to filling room
9. Reverse Osmosis Process
10. Demineralised water plant
The total cost of the project including
building and machinery will be about 1-5
crores (personal estimation may vary the cost
depends upon quality of the equipment and
the laboratory location is proposed to set).
The production unit/quality control laboratory
should have sufficient space with properly
fitted equipments and rooms should be
maintained clean and contamination free.
Further, undisrupted electricity, water supply
should
be
ensured.
Biofertilizer
production/quality control must be handled by
trained person.
Quality Management
Biofertilizer quality management can be
effectively operated considering the following
aspects:
1.

Advice from commitment organizations
like Regional Centre of Organic Farming
(RCOF) and State Govts.
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2.

Procurement of quality mother culture
from appropriate source

3.

Establishment of appropriate laboratory

4.

Recruitment of qualified personnel

5.

Adoption of standard protocols with
intermittent qualitative and quantitative
tests of products

6.

Regular maintenance of the laboratory

7.

Procurement of relevant instruments,
glass wares and chemical

8.

Manufacturing biofertilizers as per BIS
standards

1.3. Encapsulated inoculum for use in
abiotic stress agriculture
Application of biofertilzers may
increase crop yield by 10-20% with addition of
nutrients 10-30 kg N or P / ha to the soil.
However, performance of biofertilizers is
highly unpredictable due to their biological
nature and susceptibility to biotic and abiotic
stresses.
Environmental factors:
1. The physico-chemical characteristics of
soil - water holding capacity, its levels of
nutrients like N, P, and even Ca, Mo (that
helps in protein synthesis in Rhizobium)
and the alkalinity, salinity and acidity of
the soil. Higher dose of mineral nitrogen
as
starter
suppresses
nodulation,
reducing response of Rhizobium but
phosphate deficiency can be an inhibitor
also.
2. The inadequacy of organic matter
especially common in dry land agriculture
serves as a deterrent more for the nonsymbiotic strains, which essentially
depend on soil organic matter for energy.
Phosphobactrin (PSM) response was
found to be positive only in soils with high
organic content and low available
phosphorous.
3. Soil water deficit and high temperature
(hyper-thermia) are prominent abiotic
factors that affect nitrogen fixation in
dryland agriculture.
4. Native microbial population opposes the
inoculants. In general, predatory microbes
/ organisms often present in the soil are
more adapted to the environment and out
compete the inoculated population.
5. Apart
from
environmental
factors,
deficiencies in handling procedure are a
major cause of under performance in real
life application. The high sensitivity to
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temperature and other external conditions
of these living inputs calls for enormous
caution at the stage of manufacturing
culture, transportation / distribution and
application. This involves investment and
time in research (for more tolerant
strains), packaging, storage and use of
suitable carrier materials.
Hence, it is the high time to knock the
door of our sense towards application of a
new type of biofertrilizers ‘Encapsulated
Inoculants’ that can simultaneously and
promptly supplement nutrients in sustainable
and eco-friendly manner. The concept
underlying encapsulated or immobilized
microbial cells is to entrap beneficial
microorganisms into a matrix. The formulation
(bacteria-matrix) is then fermented in a
bacterial growth medium. Encapsulated
bacterial formulations in agriculture have two
distinctly different goals: (i) to temporarily
protect the encapsulated microorganisms from
the harsh soil environment and microbial
competition, and (ii) to release them gradually
for the colonization of plant roots.
Technique of Encapsulation

The beads are collected in saline (0.85%),
lyophilized and stored for further use.
Other substitutes in place of alginate
are K-carrageenan, polyacrylamide, agar and
agarose, xanthan-carob gum, polyurethane
foam, polysaccharide adhesive, etc.

Scanning electron micrographs of humic acid
enriched alginate bead loaded with B. subtilis
showing: (a) surface of an intact bead (b)
distribution of B. subtilis on the bead surface
(c) cross section of the bead showing the
porous internal structure and (d) distribution of
B. subtilis in the internal gel matrix. A: Pointing
the bacteria and (B) pointing the humic acid
particles.

To a proper mixture of humic acid
(10%), glycerol (30%) and sodium alginate
(medium viscosity 500 m Pas; 2% solution),
bacterial culture is added and centrifuged. The
cell pellets are washed with saline (0.85%)
and suspended in alginate-humic acid mixture
followed by extrusion through a 26-gauze
needle over a pre-cooled aqueous solution of
Comparison of Encapsulated and Traditional
CaCl2 (1.5%) with mild agitation. The beads of
inoculants
insoluble calcium alginate are allowed to
harden for 3-6 hours at room temperature.
Encapsulated
Traditional (carrier based)
S.
No.
1
No inexpensive industrial
Various successful industrial processes exist
technology exists
2
Chemically and physically
Non-uniform (complex organic matter
uniform
3
More consistent root
Erratic root colonization with some PGPB; however, more
colonization with PGPB
consistent with rhizobia even under commercial usage
4
Bead strength and release of
Release of bacteria can not be controlled
bacteria is controlled and can
be easily manipulated during
formulation
5
Quality control is technically
Difficult to maintain the same quality between batches
simple
Limited shelf life even at 5º C (about 1 year for non-sterile
6
Long shelf-life at ambient
temperature
and 2 ears for sterile
7
Storage requires little space
Bulk
8

Can not be contaminated after
production

Easily contaminated under inappropriate
storage and contains all kinds of contaminants
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9
10
11
12

13
14

Long term survival in soil
under water field capacity
Resistant to moisture
fluctuations
No direct effect of the alginate
polymer on plant growth
Possible to add nutrients for
auxotrophic bacteria or to
accomodate special nutritional
requirements of some
bacteria. Nutrition also
increases survival time
11
Can be loaded with a to 10
cfu inoculant
Bacteria in beads are dry until
rain comes. Seed germination
after rain is accompanied by
"awakening" bacteria.

Survival of rhizobia is just long enough to
incur root colonization
Susceptible to moisture fluctuations
Some peals inhibit plant growth
Nutritional supplements in sterile
preparations only

8

Inoculants normally do not exceed 10 cfu
Needs wet conditions immediately after application

1.4. Cyst and Spore Cultures

Spores and bipyramidal crystals of Bacillus
thuringiensis Morrisoni
Technique
A method of preparing a composition
comprising a combination of a strain of
Bacillus thuringiensis subspecies israelensis
that produces toxins and a strain of Bacillus
sphaericus that produces toxins comprising
the steps of separately culturing the strains,
concentrating each strain, combining the
concentrated strains to form a slurry mixture
and spray drying the slurry mixture to yield
individual particles which contain toxins from
Bacillus thuringiensis subspecies israelensis
and toxins from Bacillus sphaericus that have
larvicidal and resistance reduction activity.
The combination slurry may have from about
1:10 to about 10:1 weight ratio and or potency
ratio of Bacillus thuringiensis subspecies
israelensis to Bacillus sphaericus ; preferably
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

from about 1:4 to about 4:1 weight ratio of
Bacillus thuringiensis subspecies israelensis
to Bacillus sphaericus ; more preferably from
about 1:2 to about 4:1 weight ratio of Bacillus
thuringiensis subspecies israelensis to
Bacillus sphaericus ; and most preferably a
4:1 potency ratio of Bacillus thuringiensis
subspecies israelensis to Bacillus sphaericus.
Biopesticides are a class of naturally occurring
pesticides frequently derived from unicellular
or multicellular organisms which have
developed natural defenses against other
organisms. The group of microorganisms
pathogenic to insects is varied and diverse.
The gram-positive soil bacterium Bacillus
thuringiensis subsp. israelensis is one of
many B. thuringiensis strains able to produce
insecticidal
proteins.
These
proteins,
expressed during the sporulation cycle of the
bacterium,
assemble
into
parasporal
crystalline inclusion bodies. The parasporal
crystal produced by B. thuringiensis
subspecies israelensis is toxic when ingested
by the larvae of Diptera, including mosquitoes
and black flies. Upon ingestion, crystal
proteins are solubilized in the larval midgut
and disrupt the epithelium of the larval midgut
region. Swelling and/or lysis of the epithelial
cells is followed by larval death from
starvation.
Bacillus sphaericus is most effective on Culex
species. The activity of B.s. is due to a binary
toxin, and repeated use of this toxin in the
same habitats has been reported to lead to
development of resistance.
The compositions disclosed above may also
include additional components such as a
surface active agent, an inert carrier, a
preservative, a humectant, a feeding
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stimulant, an attractant, a drift control agent, a
spray deposition aid, an encapsulating agent,
a binder, an emulsifier, a dye, a U.V.
protectant, a buffer, a free-flow agent, or any
other component which stabilizes the active
ingredient, facilitates product handling and
application for the particular target pests,
Diptera.
Suitable surface-active agents include anionic
compounds such as a carboxylate, for
example, a metal carboxylate of a long chain
fatty acid; a N-acylsarcosinate; mono or diesters of phosphoric acid with fatty alcohol
ethoxylates or salts of such esters; fatty
alcohol sulphate such as sodium dodecyl
sulphate, sodium octadecyl sulphate or
sodium acetyl sulphate; ethoxylated fatty
alcohol sulphates; ethoxylated alkylphenol
sulphates; lignin sulphonates; petroleum
sulphonates; alkyl aryl sulphonates such as
alkyl-benzene
sulphonates
or
lower
alkylnaphthalene sulphonates, e.g., butylnaphthalene sulphonate; salts or sulphonated
naphthalene-formaldehyde condensates; salts
of
sulphonated
phenol-formaldehyde
condensates; or more complex sulphonates
such as the amide sulphonates, e.g., the
sulphonated condensation product of oleic
acid and N-methyltaurine or the dialkyl
sulphosuccinates, e.g., the sodium sulphonate
or dioctyl succinate.
Non-ionic agents include condensation
products of fatty acid esters, fatty alcohols,
fatty acid amides or fatty-alkyl- or alkenylsubstituted phenols with ethylene oxide, fatty
esters of polyhydric alcohol ethers, e.g.,
sorbitan fatty acid esters, condensation
products of such esters with ethylene oxide,
e.g., polyoxythylene sorbitan fatty acids
esters, block copolymers of ethylene oxide
and propylene oxide, acetylenic glycols such
as 2,4,7,9-tetraethyl-5-decyn-4,7 diol, or
ethoxylated acetylenic glycols.
Examples of a cationic surface-active agent
include, for instance, an aliphatic mono-, di-,
or polyamide as an acetate, naphthenate or
oleate; an oxygen-containing amine such as
an amine oxide of polyoxethylene alkylamine;
an amid-linked amine prepared by the
condensation of a carboxylic acid with a di- or
polyamine; or a quaternary ammonium salt.
Examples of inert materials include inorganic
minerals such as kaolin, mica, gypsum,
fertilizer, sand, phyllosilicates, carbonates,
sulphate, or phosphates; organic materials
such as sugars, starches, or cyclodextrins; or
botanical materials such as wood products,
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cork, powdered corncobs, rice hulls, peanut
hulls, and walnut shells.
The formulation may also contain added drift
control agents or spray deposition aids to
control droplet size and to facilitate aerial
application. Examples of suitable compounds
for these purposes include polyvinylalcohol
polymer solutions, polyamide copolymer
solutions, polymerized acrylic acid derivatives
and blends thereof, vegetable oils and blends
thereof, petroleum oils and blends thereof, as
well as natural and synthetic polymers.
In the formulations, more than one of the
additional components described above may
advantageously be utilized.
The compositions of the present invention can
be applied as a liquid, an aqueous
suspension, an emulsifiable suspension, or a
solid by conventional application techniques
for each. Solid formulations are presently
preferred. In general, the application rate of
the larvicidally-effective combination of the
present invention will deliver a quantity of
pesticide sufficient to control the population of
a target pest.
Solid compositions may be formed by spray
drying the B.t.i. and B.s slurries separately
and combining the powder or by combining
the slurries and spray drying the combined
slurry to form a powder.
The composition of the present invention can
be in a suitable product form for direct
application or as a concentrate or primary
composition which requires dilution with a
suitable quantity of water or other diluent
before
application.
The
pesticidal
concentration will vary depending upon the
nature
of
the
particular
formulation,
specifically, whether it is a concentrate or to
be used directly. The composition may contain
from about 1 to 98% by weight of a solid or
liquid inert carrier, and 0.1 to 50% by weight of
other suitable components such as a
surfactant, a dispersant, a suspending agent,
a free-flow agent, a stabilizing agent, UV
protecting agent, a polymer or combination
thereof.
These
compositions
will
be
administered at the rate of about 50 g (liquid
or dry) to 20 kg or more per hectare.
Preservatives: static agents used to inhibit
the growth of microorganisms, most often in
foods. If eaten they should be nontoxic.
Examples are calcium propionate, sodium
benzoate, formaldehyde, nitrate and sulfur
dioxide. Table 3 is the list of common
preservatives and their uses.
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Table 3. Common food preservatives and
their uses
Effective
Uses
Concentration
Antifungal
Propionic acid
agent
in
and
0.32%
breads, cake,
propionates
Swiss cheeses
Antifungal
agent
in
Sorbic acid
cheeses,
0.2%
and sorbates
jellies, syrups,
cakes
Antifungal
agent
in
Benzoic acid
and
0.1%
margarine,
benzoates
cider, relishes,
soft drinks
Antifungal
Sodium
0.32%
agent
in
diacetate
breads
Antimicrobial
agent
in
cheeses,
Lactic acid
unknown
buttermilk,
yogurt
and
pickled foods
Antimicrobial
Sulfur
agent in dried
dioxide,
200-300 ppm
fruits, grapes,
sulfites
molasses
Antibacterial
agent in cured
Sodium nitrite 200 ppm
meats, fish
Prevents
microbial
Sodium
unknown
spoilage
of
chloride
meats,
fish,
etc.
Prevents
microbial
of
spoilage
Sugar
unknown
preserves,
jams, syrups,
jellies, etc.
Prevents
microbial
spoilage
of
Wood smoke unknown
meats,
fish,
etc.
Preservative

Salt - retards bacterial growth. Not good for
blood pressure.
Nitrates - can be found in some cheeses, adds
flavor, maintains pink color in cured meats and
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

prevents botulism in canned foods. Can cause
adverse reactions in children, and potentially
carcinogenic.
Sulfur dioxide and Sulfites - are used as
preservatives and to prevent browning in
alcoholic beverages, fruit juices, soft drinks,
dried fruits and vegetables. Sulfites prevent
yeast growth and also retard bacterial growth in
wine.
Sulfites may cause asthma and
hyperactivity. They also destroy vitamins.
Benzoic acid and Sodium benzoate - are used to
preserve oyster sauce, fish sauce, ketchup, nonalcoholic beverages, fruit juices, margarine,
salads, confections, baked goods, cheeses,
jams and pickled products. They have also been
found
to
cause
hyperactivity.
Propionic acid and Propionates - used in bread,
chocolate products, and cheese for lasting
freshness.
Sorbic acid and Sorbates - prevent mold
formation in cheese and flour confectioneries
Chemotherapeutic
agents
(synthetic
antibiotics): antimicrobial agents of synthetic
origin useful in the treatment of microbial or viral
disease. Examples are sulfonilamides, isoniazid,
ethambutol,
AZT,
nalidixic
acid
and
chloramphenicol. Note that the microbiologist's
definition of a chemotherapeutic agent requires
that the agent be used for antimicrobial purpose
and excludes synthetic agents used for therapy
against diseases that are not of microbial origin.
Hence,
pharmacology
distinguishes
the
microbiologist's chemotherapeutic agent as a
"synthetic antibiotic".
Antibiotics: antimicrobial agents produced by
microorganisms that kill or inhibit other
microorganisms. This is the microbiologist's
definition. A more broadened definition of an
antibiotic includes any chemical of natural origin
(from any type of cell) which has the effect to kill
or inhibit the growth of other types cells. Since
most clinically-useful antibiotics are produced by
microorganisms and are used to kill or inhibit
infectious bacteria, we will follow the classic
definition. Note also (above), pharmacologists
refer to any antimicrobial chemical used in the
treatment of infectious disease as an antibiotic.

Three bacterial colonies growing on this
plate secrete antibiotics that diffuse into
the medium and inhibit the growth of a
mold.
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Antibiotics are low molecular-weight (nonprotein) molecules produced as secondary
metabolites, mainly by microorganisms that live
in the soil. Most of these microorganisms form
some type of a spore or other dormant cell, and
there is thought to be some relationship (besides
temporal) between antibiotic production and the
processes of sporulation. Among the molds, the
notable antibiotic producers are Penicillium and
Cephalosporium, which are the main source of
the beta-lactam antibiotics (penicillin and its
relatives). In the Bacteria, the Actinomycetes,
notably Streptomyces species, produce a variety

Table 4. Classes of antibiotics and their properties

of
types
of
antibiotics
including
the
aminoglycosides (e.g. streptomycin), macrolides
(e.g. erythromycin), and the tetracyclines.
Endospore-forming Bacillus species produce
polypeptide antibiotics such as polymyxin and
bacitracin. The table below (Table 4) is a
summary of the classes of antibiotics and their
properties including their biological sources.
Semisynthetic antibiotics are molecules
produced by a microbe that are subsequently
modified by an organic chemist to enhance their
antimicrobial properties or to render them unique
for a pharmaceutical patent.

Chemical class

Examples

Biological source

Beta-lactams
(penicillins
and
cephalosporins)
Semisynthetic
penicillin

Penicillin
G,
Cephalothin

Penicillium
notatum
and Cephalosporium
species

Clavulanic acid

Streptomyces
clavuligerus

Gram-positive and Gramnegative bacteria

Monobactams

Clavamox is
clavulanic acid
plus
amoxycillin
Aztreonam

Chromobacter
violaceum

Gram-positive and Gramnegative bacteria

Carboxypenems

Imipenem

Streptomyces cattleya

Gram-positive and Gramnegative bacteria

Aminoglycosides

Streptomycin

Streptomyces griseus

Gentamicin

Micromonospora
species

Glycopeptides

Vancomycin

Streptomyces
orientales

Gram-positive and Gramnegative bacteria
Gram-positive and Gramnegative bacteria esp.
Pseudomonas
Gram-positive
bacteria,
esp.
Staphylococcus
aureus

Lincomycins

Clindamycin

Streptomyces
lincolnensis

Macrolides

Erythromycin

Streptomyces
erythreus

Polypeptides

Polymyxin

Bacillus polymyxa

Gram-positive and Gramnegative bacteria esp.
anaerobic Bacteroides
Gram-positive
bacteria,
Gram-negative bacteria not
enterics,
Neisseria,
Legionella, Mycoplasma
Gram-negative bacteria

Bacitracin

Bacillus subtilis

Gram-positive bacteria

Amphotericin

Streptomyces
nodosus
Streptomyces noursei

Fungi

Gram-positive and Gramnegative
bacteria,
Mycobacterium
tuberculosis
Gram-positive and Gramnegative
bacteria,
Rickettsias
Gram-positive and Gramnegative
bacteria,
Rickettsias
Ehrlichia,
Borrelia
Gram-positive and Gramnegative bacteria

Polyenes

Ampicillin,
Amoxycillin

Nystatin

Spectrum
(effective
against)
Gram-positive bacteria

Gram-positive and Gramnegative bacteria

Rifamycins

Rifampicin

Streptomyces
mediterranei

Tetracyclines

Tetracycline

Streptomyces species

Semisynthetic
tetracycline

Doxycycline

Chloramphenicol

Chlorampheni
col

Streptomyces
venezuelae
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Fungi (Candida)

Mode of action
Inhibits steps in cell wall
(peptidoglycan) synthesis
and murein assembly
Inhibits steps in cell wall
(peptidoglycan) synthesis
and murein assembly
Suicide inhibitor of betalactamases

Inhibits steps in cell wall
(peptidoglycan) synthesis
and murein assembly
Inhibits steps in cell wall
(peptidoglycan) synthesis
and murein assembly
Inhibit translation (protein
synthesis)
Inhibit translation (protein
synthesis)
Inhibits steps in murein
(peptidoglycan)
biosynthesis
and
assembly
Inhibits
translation
(protein synthesis)
Inhibits
translation
(protein synthesis)

Damages
cytoplasmic
membranes
Inhibits steps in murein
(peptidoglycan)
biosynthesis
and
assembly
Inactivate
membranes
containing sterols
Inactivate
membranes
containing sterols
Inhibits
transcription
(eubacterial
RNA
polymerase)
Inhibit translation (protein
synthesis)
Inhibit translation (protein
synthesis)

Inhibits
translation
(protein synthesis)
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of contamination will be the least and
production process will be rapid. In future, the
entire plant may be controlled with
microprocessor based system. Further,
additional production of various formulations
will be possible with minor addition / alteration
of basic systems set for production of carrier
based cultures. The existing plant has three
basic units viz., carrier processor unit,
fermentation unit, and mixing and packaging
unit (flow sheet diagramme as below)

Automation in Culture Production
Looking to huge demand of biofertilizers and
biocontrol agents in M.P. and adjacent states,
NAIP-ICAR, New Delhi (Govt. of India) and
MP Marketing Board, Bhopal (Govt. of M.P.)
have provided sufficient funds to establish a
automatic set up of production plant under the
jurisdiction of JNKVV. The capacity of the
production plant ranges from 2-6 tons/day
requiring less cost of production. Being the
plant automated at almost every section in
concealed vessels and ducts connected with
pumps, aspirators and conveyors the chance
S.

Relative advantages of existing and new set
up of biofertilizer production systems

Particular

Existing production system

New production system

Production cost and
selling price per pkt

Production cost Rs. 9/-

Production cost Rs. 14/-

Selling cost Rs. 10/-

Selling cost Rs. 15/-

No.
1.

Due to involvement of higher initial cost for
infrastructure development worth Rs. 2.47 crores (Rs.
1.40 crore from Mandi and Rs. 1.07 crore from BPD)
2.

Production mode

Manual

Mechanically automatic
with further provision to attach of PLC system for
making entire production plant fully automatic through
computer control room

3.

Production capacity

0.25 to 0.50 ton/day

2.0 to 6.0 ton/day
Subjected to availability of more number of packing
machine (cap. 2 ton/machine/day)

4.

Labour requirement

25 (5 male and 20 female)

8 (6 male + 2 female)

5.

Storage capacity
(unpacked carrier based
culture)

Nil

4 to 6 ton per day

6.

Storage capacity (packed
carrier based culture)

18 to 36 ton per season
o

at room temp. 20 C under
room cooler condition

o

144 to 432 ton per season at 4 C under cold storage
condition

7.

System maintenance

Routinely and completely
manual for each & every
component

Routinely and completely in
maintenance with a single labour

8.

Qualitative aspect of
products

Liable
to
frequent
contaminations in the final
products
due
to
involvement of manual
operation at each step of
production.

Quality assured products with least chance of
contamination as the involvement of manual
operation is minimum

9.

Workers’ hygienic safety

Not ensured

Hygienically safe as handling of microorganisms are
performed in seal closed containers of the automatic
plant

10.

Further prospect with the
system

Nothing
preparing
culture

11.

Product types

other
carrier

than
based

Individual production of
carrier based biofertilizers
and biopesticides, one at a
time
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situ

automatic

1. Liquid cultures (in bottles, 50-100 ml) - with
attachment of liquid filling machine (viability 1 year)
2. Spore cultures (in small pouches, 2-5 g) -with
attachment of small pouch filling machine (viability 2
year)
Simultaneous
production
of
biofertilizers,
biopesticides (against harmful bacteria, fungus and
viruses)
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Schematic flow diagramme of Machineries
for mass production of biofertilizers and biocontrol agents

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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INTEGRATED RESOURCE MANAGEMENT FOR SUSTAINABLE
AND ECO-FRIENDLY CROP PRODUCTION
D.L. Kauraw

Retd. Professor
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004

With the current food production at about 240
million tones, country need 5-6 milliion tones
annually as additional food to meet the
requirement of >120 corers population by
2020AD. To attain the same we have to
produce more food and other agricultural
products too. The ability of plant to produce
more grain is dependent on the availability of
adequate plant nutrients. The goal can be
achieved only with rational and scientific
management of plant nutrients as also other
resources.
For the production level of 206 million
tonnes during 1999-2000, the nutrient
consumption was recorded about 18 million
tonnes, and an estimated removal of 28 million
tonnes, resulting in a net negative balance of
about 10 million tonnes. Organic manures and
biofertilizers contribute about 4 million tonnes
of nutrients, which means that about 6 million
tonnes of nutrients need to be replenished.
This is a seroious soil health hazard, which
needs urgent attentiomn of all concerned.
Recently, the Govt. heas announced the
target of doubling of food production within 10
years. It implies that nutrient removal will be
enhanced phenomenally. Thus the gap
between nutrient supply through all sources
and removal would further escalate and the
soil health problem would further aggravate.
At present, the productivity of major
crops in Madhya Pradesh is below the national
average. This is attributed to very low nutrient
use (47 kg NPK/ha). The fertilizer nutrients
use and removal by different crops in various
agro-climatic zones of MP have shown that
there is a negative balance of about 1.09
million tonnes of NPK and 0.05 million tonnes
of Sulphur in the state. The balance of NPK &
S is negative in all the agro-climatic zones
except the Nimar Valley Zone.
Acute
deficiencies of other nutrients in the future are
expected if remedial measures are not taken
to reduce the nutrient gap.

J.N. KrishiVishwa Vidyalaya, Jabalpur - 482 004

Era of inadequate and imbalanced fertilizer
use :
During 1998-99, consumption of N,
P2O5 and K2O was 11.32, 4.10 & 1.33 million
tonnes, respectively @ 90.04 kg/ha in the
country. Imbalanced use of nutrients is
reflected by N : P2O5 : K2O ratio which
widened from 5.9 : 2.4 : 1 during 1991-92 to
8.5 : 3.1 : 1 during 1998-99 (Table 1)
Table 1 : Trend in Nutrients Consumption and
Use Ratio in India
Year

NPK
Consum-ption
(kg/ha)

Consumption ratio
N

P2O5

K2O

1991-92

69.84

5.9

2.4

1

1992-93

65.48

9.5

3.2

1

1993-94

66.27

9.7

2.9

1

1994-95

72.13

8.5

2.6

1

1995-96

74.38

8.5

2.5

1

1996-97

76.69

10.0

2.9

1

1997-98

86.77

7.9

2.9

1

1998-99

90.04

8.5

3.1

1

Overall desirable norm

4

: 2 : 1

If the nutrient consumption patterns
were to be in the 4 : 2 : 1 ratio in 1998-99,
then to match 15.42 million tonnes, N, P2O5
consumption should have been 5.66 tonnes
more (40% more than actual) and K2O
consumption should have been 2.83 in spite
of 1.33 million tonnes or 112% more than
actual.
Among the causes of major concern is
nutrient depletion on a large scale as a result
of inadequate and unbalanced use of plant
nutrients and intensive agriculture. Most of our
soils have low ferttility (Table 2).
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Table 2 : Nutrients Deficiencies in Soils of
India
Nutrient

Nitrogen
Phosphorus
Potassium
Sulphur
Magnesium
Zinc
Iron
Boron

Nutrient status catagory
( No. of development
districts)
Low
Medium
High
228
118
8
170
184
17
47
194
122
Deficiency scattered over
130 district
Kerala,
other
southern
states, very acid soils
50% of 200,000 soil samples
analyzed found deficient
Widespread
in
upland
calcareous soils.
Parts of West Bengal, Bihar
and Karnataka

To sustain the productivity of different
crops and cropping systems, efficient nutrient
management is vital. In general, the wheat-rice
system consumes the loin share of fertilizer
used in the country. The mineral fertilizer has
and will continue to play the key role in the
augmentation of the food production. Nitrogen
is the most deficient in Indian soils and is also
difficult to retain in soils due to various loss
mechanisums, such as surface runoff,
volatilisation in the form of ammonia, leaching
as nitrate, and denitrification. Further, nitrogen
is the key nutrient of proteins in food grains
and is thus removed in largest amounts. As a
contrast to nitrogen, plant requirement for
phosphorus (‘P’) is much less and the ‘P’ is
also retained by the soil. Even then the Indian
soils are either medium or low in available ‘P’
and for good yields ‘P’ fertilization is a must.
‘S’ and ‘Zn’ is also becoming deficient in most
of our soils. Thus, balance fertilization and
integrated plant nutrient supply system (IPNS)
are the key for sustained agricultural
production.
Nutrient management
Though, the efficient use of mineral
fertilizers is recognized to be a quick and sure
way of boosting crop production, it must be
realized that their cost and other constraints
frequently deter farmers from using them in a
recommended quantities and in balanced
proportions. Hence, a judicious combination of
mineral fertilizers with locally available organic
sources of plant material is being promoted.
The nutrients use efficiency of some of the
nutrients is listed in Table 3. The data
indicated that only the potashic fertilizer do
J.N. KrishiVishwa Vidyalaya, Jabalpur - 482 004

have higher efficiency, followed by N containg
fertilizers.
Table 3 : Current status of nutrient use
efficiency in India
Plant Nutrient
Nitrogen ( N )
Phosphorus ( P )
Potassium ( K )
Zinc ( Zn )
Iron ( Fe )
Copper ( Cu )

(%)

Nutrient Use
Efficiency
30-50 %
10-20 %
< 80 %
02-05 %
01-02 %
01-02 %

During the past four decades the use
of high yielding varieties of crops and
inorganic fertilizers has resulted a rapid
increase in agricultural production. Fertilizers
is the key to increasing agricultural production
by enhancing the land productivity, but it must
be realized that their cost and other
constraints frequently deter farmers from using
them in recommended quantities and
balanced proportion. In view of national food
security demands sustenance of soil fertility is
important through balanced and integrated
plant nutrient use. Resource integration is not
only to supplement the need for fertilizer
nutrients but also to derive maximum benefits
of positive interactive effect of the various
nutrient resources applied to the soil to restore
depleted / depleting soil fertility. It also
involves the integration of the contributory role
of soil process with the other factor regulating
ecosystem
functions
including
those
determining resources availability and access,
and farmer’s decision-making processes.
Organic
and
inorganic
nutrient
applications are not only complementary but
synergistic since organic inputs have
beneficial
effects
beyond
nutritional
components. The Integrated Plant Nutrients
Management System ensures that plant
nutrient applications are environmentally,
socially and economically viable. Concurrently
it encourages, informs, trains and organizes
farmers to increase crop production while
sustaining soil productivity.
The agricultural sustainability has
different
meanings
and
interpretations
depending on the context (Carter, 1988). In
India, as in many countries facing the task of
feeding an expanding population from a
near-stabilized net cultivated area, the concept
put forth by TAC (1989) is applicable, in
principle. The TAC report states that "The goal
of sustainable agriculture should be to
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maintain production at levels necessary to
Integrated resource management
meet the increasing aspirations of an
(IRM) minimize the purchased inputs (Fertilizer
expanding world population without degrading
& equipment) and rely as much as possible on
the
environment.
Further,
''sustainable
the renewable resources of the farm. The
agriculture should involve the successful
contributions of input and various improved
management of resources for agriculture to
agronomic techniques on wheat yield has
been analyzed by Singh et al. (1978). It was
satisfy changing human needs while
maintaining or enhancing the quality of the
observed that irrigation alone contributed 24%,
environment
and
conserving
natural
irrigation + weed control 70%, irrigation +
resources”.
fertilizer 92% and irrigation + fertilizers + weed
IPNS concept
control contributed 124% increase in yield.
Over mining of nutrients
The
basic
concept
underlying
Anand Swarup et. al. (2001) estimated total N,
Integrated Plant Nutrient Supply (IPNS) is the
P2O5 , K2O and S removal by the major field
maintenance or adjustment of soil fertility and
crops in the state of Madhya Pradesh. If we
of plant nutrient supply to an optimum level for
consider the overall status of nutrient balance in
sustaining the desired crop productivity
the state, there is nergative balance of nitrogen
through optimization of the benefits from all
(N), phosphorus (P2O5) and potassium
(K2O)
possible sources of plant nutrients in an
to
the
extent
of
0.18,
0.09
and
0.82
million
integrated
manner.
The
appropriate
tonnes, respectively. The total negative balance
combination of mineral fertilizers, organic
of N+ P2O5 + K2O is amounting to 1.09 million
manures, crop residues, compost or N-fixing
tonnes at present level of crop production during
crops varies according to the system of land
1998-99. According to available literature,
use and ecological, social and economic
farmyard manure, rural and urban compost and
conditions.
city refuse in M.P. have the potential to supply
The objectives of integrated nutrient
about 0.3 million tonnes of NPK (Table 4). After
use is to reduce inorganic fertilizer
utilising these four manure, a physical gap of
requirement, restore organic matter in soil,
0.79 milion tonne of NPK still exists in the state
enhance nutrient use efficiency and to improve
at present level of productioon. Beside these four
or maintain soil qualities in terms of physical,
manures, considerable quantities of crop
chemical and biological properties. The
residues, forest litter, press mud, poultry manure
integrated nutrient management includes
etc. and biofertilizers are also available in the
state ( Table 5). As per general estimates about
intelligent use of organic and on-line biological
¾ of crop residues are used as cattle feed, only
and inorganic resources so as to sustain
¼
of the crop residues are available for
optimum yields and provide crop nutrition
incorporation
in to the soil. Cosidering the
packages which are technically sound,
various resources available, the available
economically attractive, practically feasible
statistic clearly indicates that after utilizing all the
and environmentally safe. Bulky organic
available resources to the extent possible, there
manures may not be able to supply adequate
is a negative balance of 0.6 to 0.7 million
amount of' nutrients nevertheless their role
tonnes.
becomes important in meeting the above
objectives.
Table 4 : Quantities of some organc manures available in M.P. and their nutrients suppling capacity
Items

FYM

Quantity available (mt)
Nitrogen
P2O5
K2O
Sulphur
Total N (tonnes)
Total P2O5 (tonnes)
Total K2O (tonnes)
Total S (tonnes)
Total N,P2O5,K2O (tonnes)

12.87
0.75%
0.20%
0.50%
0.25%
96525
25740
64350
32175
186615

Rural
compost
5.04
0.75%
0.25%
0.50%
0.30%
37800
12600
25200
15120
75600

Source : Tandon, HLS, (1995)
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Urban
compost
0.24
1.75%
1.0%
1.50%
0.70%
4200
2400
3600
1680
10200

City refuse
1.14
19.7 kg N, P2O5,
K2O per tonne

---20000

Total
(tonnes)
-----

138525
40740
93150
48975
292415
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Table 5 : Availability of manures / biofertilizers
in M.P.

Manures/Biofertilizer

Quantity

Crop residues (million
tonnes)

45.64

Press mud (million tonnes)

0.04

Forest litter (million tonnes)

4.0

Rhizobian (packets in lakh)

26.2

Azotobacter (packets in
lakh)

6.4

PSB (packets in lakh)

41.8

Blue Green Algae (kg)

155334

Nutrient deficiency
The main culprit to blame for
unsustainable productivity and in soil
fertility decline is imbalances in fertilizer
use and thus deterioration of soil's
chemical. biological and or physical
qualities. On an average rice and wheat
crops together remove > 250 kg N, > 50
kg P and >300 kg K ha-1 under best
management practices and NPK fertilizer
use (Swarup & Singh, 1989). Besides
these, 3250 g Fe, 2600 g Mn and 800 g
Zn are also removed. Hence, nutrient
deficiencies / imbalances are inevitable
unless steps are taken to restore soil
fertility levels. The status of deficiencies of
essential elements in Indian soils and
crops started emerging since 1950 with
the initiation of efforts of Govt. of India.
The micro-nutrient such as Zn is also
becoming deficient in wide areas of the
country.
Integrated Nutrient Management
Integrated nutrient management
envisages the use of chemical fertilizers in
conjunction
with
organic
manures,
legumes in cropping systems, use of
bio-fertilizers and other locally available
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nutrient sources for sustaining soil health
and productivity. The integrated nutrient
management technique could play an
important role in meeting the challenge of
sustainable productivity. Some important
strategies of IPNS should be adopted to
ensure the goal of sustainable agricultural
production. They are as :
A)

Integrating inorganic
with FYM/Compost

sources

On an average, FYM and compost
contain 0.5 to 1.0% Nitrogen, 0.2% P205
and 0.5% K2O. The average chemical
composition of some organic manures is
given in Table 6. Depending upon the
composition, 10 tonnes of FYM will thus,
supply at least 50 to 100 kg N, 20 kg P2O5
and 50 kg K20. From this, about 15 to 30
kg N, 15 kg P2O5 and 35 kg K20 are made
available to crops during first season of
application and rest of the nutrients
become available to subsequent crops.
The influence of organic manure on ricewheat sequence is depicted in Table 7.
FYM and compost possess similar
properties and their nutrient content
depends on the nature of the organic
substrate used and its preparation.
Prasad and Mahapatra (1970)
reviewed the experiments conducted
during 1967-68 under the All India
Coordinated
Agronomic Experiments
Scheme on groundnut and sesamum in
the plateau region. Groundnut gave a
mean response of 92.5 kg and 177.5 kg of
unshelled dry pods ha-1 to application of
15 and 30 kg K2O ha-1, respectively (Table
8). The rainfed crop of sesamum also
gave significant response of 77 kg ha-1,
even to application of 10 kg K2O ha-1.
These responses were found even on
medium to high K status soils (1 N
NH4Oac. K below 108 kg ha-1 is rated low,
108-280 kg ha-1 medium and above 280
kg ha-1 high). These soils represent a fairly
high degree of weathering and the
dominant clay mineral is kaolinite. The
economics of potassium application
showed a return of Rs. 8.40 per rupee
invested on potassium in groundnut.
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Table 6 : Average chemical composition of some organic manures (%)
Nitrogen

Phosphorus

Potash

(N)

(P2O5)

(K2O)

FARM YARD MANURE (FYM)

0.5 – 1.5

0.4 – 0.8

0.5 – 1.9

COMPOST (URBAN)

1.0 – 2.0

1.0

1.5

COMPOST (RURAL)

0.4 – 0.8

0.3 – 0.6

0.7 – 1.6

GREEN MANURES (AVERAGE)

0.5 – 0.7

0.1 – 0.2

0.6 – 0.8

CASTER CAKE

5.5 – 5.8

1.8 – 1.9

1.0 – 1.6

MAHUA CAKE

25 - 26

1.8 – 1.9

1.8 – 1.9

KARANJ CAKE

3.9 – 4.0

0.9 – 1.6

1.3 – 1.4

NEEM CAKE

5.2 – 5.3

1.0 – 1.1

1.4 – 1.5

SAFFLOWER CAKE

4.8 – 4.9

1.4 – 1.5

1.2 – 1.3

COTTON SEED (DECORTED)

6.4 – 6.5

2.8 – 2.9

2.1 – 2.2

COTTON SEED
(UNDECORTED)

3.4 – 3.9

1.8 – 1.9

1.6 – 1.7

GROUNDNUT CAKE

7.0 – 7.2

1.5 – 1.6

1.3 – 1.4

LINSEED CAKE

5.5 – 5.6

1.1 – 1.5

1.2 – 1.3

NIGER CAKE

4.7 – 4.8

1.8 – 1.9

1.3 – 1.4

RAPESEED CAKE

5.1 – 5.2

1.8 – 1.9

1.1 – 1.3

SESAMUM CAKE

6.2 – 6.3

2.0 – 2.1

1.2 – 1.3

FISH MANURE

4.0 –10.0

3.0 – 9.0

0.3 – 1.5

BONEMEAL (RAW)

3.0 – 4.0

20.0–25.0

–

BONEMEAL (STEAMED)

1.0 – 2.0

25.0–30.0

–

ACTIVATED SLUDGE (DRT)

5.0 – 6.5

3.0 – 3.5

0.5 – 0.7

NIGHT SOIL

1.2 – 1.3

0.8 – 1.0

0.4 – 0.5

0.60

0.15

0.45

No.

Material

I.

BULKY ORGANIC MANURES

II

OILCAKES
(A)

(B)

III

NON-EDIBLE CAKE

EDIBLE CAKES

MANURES OF ANIMAL
ORIGON

CATTLE DUNG + URINE
Source : Kirti Singh (1991)
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Table 7 : Influence of zinc enriched organic manures on the grain yield of rice and
wheat crops in balck clay soil of Jabalpur
Treatments

Rice grain yield
Wheat grain yield
(kg ha-1)
Response
(kg ha-1)
Response
Control
2250
--2860
--10 kg Zn/ha
3470
1220
3460
600
10 t FYM/ha
3060
810
3430
570
5 t PM*/ha
2690
440
3060
200
5 t FYM** + 5 kg Zn/ha
3460
1210
3390
530
5 t FYM +2.5 kg Zn/ha
2910
660
3130
270
2.5 t PM + 5 kg Zn/ha
3230
980
3330
470
2.5 t PM + 2.5 kg Zn/ha
3150
900
3180
320
CD (5%)
680
--NS
--* PM- Poultry manure, ** Farm yard manure
Source: Rathore et.al. (1995) Twenty Five years of Micronutrients Research in Soils and Crops of
Madhya Pradesh, Dept. of Soil Sci. & Agril. Chem. JNKVV, Jabalpur.
kg Zn ha-1
through ZnSO4 alone. It gave
about 1.2 t ha-1 additional grain yield over
control. An application of 2.5 t ha-1 PM
-1
enriched with 2.5 to 5 kg Zn ha , produced
-1
extra yield of 900 to 980 kg ha . Effects of
these treatments on the succeeding wheat
-1
crop amounted to 270 to 600 kg ha additional
yield.

A field experiment was conducted on
black clayey soil (pH 7.3, CaCO3 5.5%, DTPA
Zn 0.37 ppm) of Jabalpur to study the
influence of zinc sulphate alone or in
combination with organic manures like farm
yard manure (FYM) and poultry manure (PM)
to rice wheat sequence. The data reveal that
maximum rice grain yield was recorded for 5 t
-1
-1
and 10
ha FYM enriched with 5 kg Zn ha
-1

Table 8 : Response (kg ha
District

Available
K status

Hazaribagh

Medium

) in crop to applied potassium in different districts of Bihar

Crop
&
Variety

Groundnut

No.
of
Trials

Yield
of NP
plot

Response to K over
NP at level
15 kg
-1
ha

30 kg
-1
ha

C.D.
5%

Doses of
N & P2O5
(kg ha-1)

12

1346

63

128

65

30- 30

06

2913

122

227

173

30- 30

12

610

77

98

23

40- 20

AK-12- 24
Santhal
pargana

High

Ranchi

High

Groundnut
Local
Sesamum

Source : Dev & Sarkar (1993) Use of potassium in Bihar Agriculture. Potash & Phosphate Institute of
Canada. India Programme, Gurgaon, Haryana.
B)

Integrating inorganic sources with
bio-fertilizers

Symbiotic and non symbiotic microbes
fix atmospheric N and make it available to the
associated field crops. Micro organisms
function as P-solublizers and mobilizes (VAM:
Phosphobacteria) by releasing native as well
J.N. KrishiVishwa Vidyalaya, Jabalpur - 482 004

as added bio-fertilizers. The use of
bio-fertilizers
Azotobactor,
Rhizobium,
Azospirillum, Blue Green Algae and Azolla
have been observed to be effective with a
saving of 15 to 30 kg N for many crops (Table
9) besides improving the yield and other soil
parameters. Rhizobium was the first bio-fertilizer to be used at large scale.
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Table 9 :Effect of integrated nutrient management on nutrient use efficiency (%)
Treatments
50% NPK
50% NPK+FYM
50% NPK+BGA
50%NPK+FYM +BGA
100% NPK
100% NPK+FYM
100% NPK+BGA
100% NPK+FYM+BGA
(C)

Wheat
P
19.4
28.2
24.7
29.3
16.0
21.8
18.9
26.1

N
47.6
60.6
51.1
56.4
37.7
47.7
43.8
50.1

Integrating with crop residues

Different crops residues (200 million
tones/year) are capable of supplying 5, 6 and 15
lac tonnes of N, P2O5 and K2O, respectively,
besides contributing 1000 lac tonnes of
bio-mass. Application of crop residues to ragi
helped in the build up of available nutrients,
organic carbon and increased yield (Ravi Kumar
& Krishnamoorthy, 1983).

K
135.3
164.0
152.3
160.3
114.3
156.3
144.2
156.7

N
45.8
60.3
50.1
58.3
41.0
48.8
46.0
51.0

Maize
P
16.7
22.0
21.1
23.6
13.4
19.8
18.5
20.2

K
144.1
180.0
174.1
174.0
141.0
158.1
137.5
164.8

Table 10 : Green manure production and
nitrogen addition by legume mean
manure (mean of two years).
GM

N
addition

(q ha-1)

(kg ha-1)

Dhaincha (control)

174.5

55.8

(D)
Integrating with green manure, leaf
manure

Dhaincha (50% N)

178.0

58.7

Dhaincha (100% N)

178.5

62.4

Green manure, leaf manure mobilizes
soil nutrient resources, provides better soil
structure, creates conducive environment for soil
microbes and saves on mineral nitrogen by fixing
atmospheric nitrogen. The potential of different
green manures is given in Table 10. The results
of some of the experiments related to green
manuring are presented in Table 11.

Greengram (control)

51.0

21.2

Greengram (50% N)

55.0

23.4

Greengram (100% N)

56.0

24.7

(E)

Integrating with other waste materials

Pressmud from sugar industries and the
Sewage Sludge/Effluent available in some areas
could also be used in conjunction with organic
fertilizers. The pressmud contains about 3.2, 8.4,
0.9 per cent NPK plus 13.5 % CaO and 17.0%
organic carbon, with C-N ratio of 5.4%.

Table 11 :

Treatments

Fig. in parenthesis indicate N level of previous
crop
Incorporation of pressmud improves the
properties of saline and sodic soils by reducing
the exchangeable Na and improving the
available macro and micro nutrients. Rajpoot
(1997)
have
recorded
significant
yield
improvement of bajra, wheat and rice by
incorporation 10 tonnes of pressmud in saline
sodic soils of Chambal Command areas.

Effect of green-manure of legume on green-matter production and nitrogen
addition (mean of two years)

Treatments

Rice
Grain yield
(kg ha-1)
Green-manuring crop
Control
2732
Dhaincha
3390 (17700)
Greengram
2984 (220, 5460)
Cowpea
2950 (10800)
CD (5%)
211
Nitrogen levels
Control
2193
50%
332
100%
3625
CD (5%)
272

Effective
3
tillers/ M

Wheat
Grain yield
(kg ha-1)

Effective
3
tillers/ M

B:C ratio

265
301
278
277
9

2112
2235
2210
2211
NS

289
295
291
291
NS

1.84
2.04
2.01
1.4
0.08

248
290
302
11

1170
2361
2994
242

263
298
310
11

1.34
2.13
2.46
0.011

Fig. in parenthesis indicate dhaincha GM yield, Greengram grain & haulm wt. and cowpea fodder yield.
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Impact of integration, of input resources crop
production, nutrients uptake and soil health.
Rice-chickpea (Sahu, 2003) and soybeanwheat (Bhawsar, 2003 cropping systems are
amongst the important cropping systems in some
parts of M.P. Soil physical properties such as soil
structure, porosity are adversely affected growing
rice. Therefore, a complex experiment was
conducted at the experimental station of the
Jawaharlal Nehru Krishi Vishwa Vidyalaya
Jabalpur, in which most of the available input
resources
were
integrated
in
variable
combinations to achieve the information
applicable to the different levels of farming
communities and to develop suitable integrated
nutrient supply system for rice-chickpea and
soybean-wheat cropping sequences. The
investigation was to evaluate the impact of
integrated resource management on soil health,
nutrients uptake and the productivity of these
cropping sequences”, with the following
objectives :
 To evaluate the impact of inorganic fertilizer
application
alone
and
in
different
combinations with organic sources and
biofertilizers under variable soil environment
on
a. Nutrients
uptake,
efficiency etc.

concentration,

b. Soil environment .
c.

Crop growth and yield parameters.

 To determine the ideal combination of
indigenous available resource inputs with
different levels of available input resources
for sustainable crop production.
Experiment Details:
Main Treatments
I0 - 50 % of the optimum dose (100 % or part
of it as per sub treatments) of NPKS (based on
soil test) through different sources and only
come-up irrigation for Chickpea.
I1 - 75 % of the optimum dose (100 % or part of
it as per sub treatments) of NPKS (based on soil
test) through different sources and with moderate
moisture regime (1 irrigation for each crop Rice
and Chickpea).
I2 - Optimum dose (100 % or part of it as per
sub treatments) of NPKS (based on soil test)
through different sources and Optimum moisture
regime (2 irrigations for each crop Rice and
Chickpea).

J.N. KrishiVishwa Vidyalaya, Jabalpur - 482 004

Sub treatments
S1 = 100% NPKS as per soil test.
S2 = 75% NPKS of S1 + 5t ha-1 of FYM
S3 = 50% NPKS of S1 + 5t ha-1 of FYM
S4 = S2 + Rhizobium / Azatobactor / BGA
S5 = S2 + PSB @ 1.5 kg ha-1
S6 = S2 + PSB + Rhizobium
S7 = S6 + Zn (to chickpea)
S8 = S6 + Mo (to chickpea)
S9 = S6 + Zn + Mo
The grain yields (kg/ha) and the per cent
increase in yield, under various treatments are
presented in Tables 12 & 13, Protein contents
and its per cent increase due to applied
treatments are listed in Tables 14 & 15.
Table-12 : Grain yield of crops (kg ha-1)
Treatment Soybean
S1
1921
S2
2185
S3
1950
S4
2229
S5
2267
S6
2323
S7
2432
S8
2478
S9
2546
Mean

2259

Rice
1992
2149
1733
2226
2329
2423
2794
2553
2953

Wheat
36.28
39.03
36.64
40.33
41.08
41.97
43.21
44.11
46.23

Gram
1089
1183
806
1272
1306
1389
1525
1675
1750

2350

40.99

1333

Table-13 : % increase in Grain yield of crops.
Treatment
S1
S2
S3
S4
S5
S6
S7
S8
S9
Mean

Soybean
0.00
15.11
2.60
17.73
19.88
22.69
28.29
30.74
34.00
19.00

Rice
0.00
7.76
-13.32
11.56
17.04
21.64
39.95
27.11
47.38
17.68

Wheat
0.00
7.79
1.24
11.55
13.55
16.11
19.39
21.91
27.64
13.24

Gram
0.00
9.25
-25.02
18.36
21.77
29.15
41.55
54.98
62.00
23.56

Table-14 : % protein content in grain
Treatment
S1
S2
S3
S4
S5
S6
S7
S8
S9
Mean

Soybean
1921
2185
1950
2229
2267
2323
2432
2478
2546
2259

Rice
1992
2149
1733
2226
2329
2423
2794
2553
2953
2350

Wheat
36.28
39.03
36.64
40.33
41.08
41.97
43.21
44.11
46.23
40.99

Gram
1089
1183
806
1272
1306
1389
1525
1675
1750
1333
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Table-15 : % increase in protein contents.
Treatment Soybean
S1
1921
S2
2185
S3
1950
S4
2229
S5
2267
S6
2323
S7
2432
S8
2478
S9
2546
Mean
2259

Rice
1992
2149
1733
2226
2329
2423
2794
2553
2953
2350

Wheat
36.28
39.03
36.64
40.33
41.08
41.97
43.21
44.11
46.23
40.99

Gram
1089
1183
806
1272
1306
1389
1525
1675
1750
1333

The results of the study indicated that
1.

The soil physical parameters estimated
includes soil aggregation and cumulative
water infiltration indicated better favorable
soil conditions if
the inputs resources
includes chemicals fertilizers, organic
manures and biological sources.

2.

The nutrients contents in various soil layers
were recorded higher in treatments were
production was higher, uptake was more, as
well as soil availability increased due to
integrated inputs. The nature of nutrients
content profiles were relatively similar
irrespective of soil moisture regimes.

3.

In rice - chickpea crop rotation the grain
yields of crops (kg/ha) increased with
increasing level of integration irrespective of
soil moisture regimes.

4.

The per cent of nutrients contents, i. e. the
% ‘N’ , % ‘P’ , % ‘K’ , % ‘S’ and Zn (ppm)
contents. of rice grain as well as that of
chickpea increased with increasing level of
integration. The relative increase was more
in rice than chickpea.

5.

% Protein contents of chickpea grain
increased
with increasing level of
integration.

6.

In soybean - wheat crop rotation the grain
yields of crops (kg/ha) also increased with
increasing level of integration irrespective of
soil moisture regimes.

7.

The per cent of nutrients contents, i. e. the
% ‘N’ , % ‘P’ , % ‘K’ , % ‘S’ and Zn (ppm)
contents. of soybean grain as well as that of
wheat increased with increasing level of
integration. The relative increase was more
in soybean than wheat.

8.

% oil content of soybean and protein
contents of wheat grain increased with
increasing level of integration.

9.

The highest production of any crop was
recorded in treatments were all the input

J.N. KrishiVishwa Vidyalaya, Jabalpur - 482 004

resources were used from chemicals,
organic manures and biological sources.
10.

The contents of every nutrients, tested were
found increasing with level of integration
and the highest content was recorded in
treatments were all input resources were
used, its yield was also the highest.
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Rainwater Management : Conservation & Utilization
D.L. Kauraw
Retd. Professor
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur -482 004

he life of mankind and almost all the flora
Tand fauna on the earth depends on the
availability of fresh water resources.
Nevertheless, the global distribution of water
is highly variable. Water is also limited in its
accessibility and suitability. Of the earth’s
total water volume of about 1386 million
km 3, about 96.5 per cent is saline ocean
water that is unsuitable for human as well as
plant use. Of the remaining 3.5 per cent, 35
3
million km , is considered fresh, 2.4 million
3
km is stored in ice sheet and glaciers and
10.53 million km3 constitute the ground
water reserves which exit to a depth of 600
meter below the ground surface. The Fresh
water lakes total is 0.91 million km3 and
3.
Thus, only
rivers occupy about 2120 km
the water resources consisting of 1 per cent
of the earth’s water are cycled in the
hydrological cycle.
In ancient days, the idea of utilizing
rain water collected in depressions, valleys
and low lying areas for meeting the water
demands of human beings, livestock and
crop production was known to man. The
techniques of rainwater harvesting and
utilizing the same at time of need were then
followed. The ponds prevailing in the
southern parts of India give ample evidence
about the knowledge of man regarding
harvesting and utilization of runoff water in
low rainfall areas.
The soil topographic features and
climatic factors prevailing in most dryland
areas are highly conductive to generation of
runoff. Further, intense and heavy showers
(characteristics of tropical areas) are a rule
rather than an exception in these areas. The
combination of these factors results in
excessive runoff from the fields with the soil
profile generally remaining unsaturated.
Research conducted in several areas of
drylands in the country and elsewhere has
revealed the feasibility of harvesting and
storing excess runoff in small dugout ponds
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

and reutilizing the same for providing
supplemental irrigation to crops during
prolong periods of drought with success and
high payoff.
Our life is influenced by an
unending flux of water known as hydrologic
cycle.
Moisture
constantly
circulates
between the land, ocean and sky. In
hydrological cycle, soil act as reservoir and
water is always in transitory stored water
flows under ground to stream or is return to
the atmosphere by evaporation. Eventually,
however, all water temporarily stored in soil
must enter the transitory part of hydrologic
cycle by percolating to underground streams
or into atmosphere by evaporation. There
are many opportunities to influence the
hydrologic
cycle
and
affect
water
conservation in agriculture.
Rainfall
Source of all water is precipitation. A
number of factors such as ocean currents,
trade wind, air-mass movement, orographic
effect and the location of the place with
respect to physical barrier, all affect the
amount of rainfall at a given location. As a
result, the country is highly variable,
irregular and undependable with widespread
variations among various meteorological
sub-divisions in terms of distribution and
amounts. Khasi-Jaintia hills in the extreme
east (Meghalaya) are one of the rainiest
areas in the world with an annual average of
the order of 10000 to 10500 mm. In the
extreme west in Rajasthan, there are areas
receiving less than 100 mm. Almost the
o
entire country east of longitude 79 E and
the west coast has normal annual rainfall of
> 1000 mm. Most of the west coast gets >
2500 mm. Rainfall in peninsular India
excluding coastal belts is generally in the
range of 500 – 750 mm. In the north-west
India, it decreases to less than 300 mm west
of Jodhpur.
The rainfall Atlas of India contains
maps of normal monthly, seasonal and
annual rainfall, rainy days and variability is
more in areas with low rainfall (Table 1).
325

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


Another characteristic of the rainfall is that in
many areas of the country, it is only a few
heavy storms, which accounts for most of
the annual rainfall. Absence of heavy storms
would generally mean reduced rainfall.
Table 1 : Effect of mean annual rainfall on
coefficient of variation (CV) and
probability of occurrence of deficit
rainfall in India.
Stations

Mean
annual
rainfall
(mm)

CV of
annual
rainfall
(%)

Jodhpur

369

55

Probability
(%) of
occurrence
of deficit
rainfall
(< 75% of
normal)
51

Anantapur

568

30

38

Hyderabad

767

29

31

Varanasi

1026

25

25

Ranchi

1434

21

20

Shilong

2415

15

07

Source : Ramana Rao (1992).
On an average over space and time,
average rainfall over the Indian subcontinent has been estimated at 1200 million
ha m. On this basis, the annual precipitation
including snow fall is estimated at 400 M ha
3
m in (4000 km ). Distribution of this resource
with respect to different rainfall zones is
given in Table 2. About 300 M ha m of this
resource is generated during June to
September, while another 100 M ha m is
during the rest of the year. About 20 M ha m
of runoff is brought from outside India, thus
making a total of 420 M ha m of water
resources for exploitation and use.
Table 2: Distribution of geographical area in
different rainfall zones in India.
Rainfall
zone (mm)

Geographical
area (M ha)

100 – 500
500 – 750
750 – 1000
1000– 2500
>2500
Total

52.07
40.26
65.86
137.24
32.57
328.00

Rainfall
availability
(M ha m)
15.62
25.16
57.63
205.86
95.73
400.00
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According to
rainfall
amount
received per annum, the country has three
broad zones, dry (0-750 mm), medium (7501150 mm) and assured (>1150 mm),
occupying among themselves 30.0, 42.0
and 28% of the total area (Table 3).
Table 3: Distribution of area according to
annual rainfall.
Moisture
conditions

Rainfall (mm)

Dry
Medium
Assured

0 – 750
750- 1150
1150 – 2000
> 2000

Total

Approximate %
area receiving
rainfall
30.0
42.0
20.0
8.0
100.0

Source : Fertilizer statistics, 1992-93, FAI,
New Delhi.
According to the projections of the
National Commission on Agriculture, India is
likely to generate an irrigation potential of
113 m ha by the year 3035 AD. Despite this,
about 47% of the total cultivated area will
continue to be rainfed. This implies that the
country will continue to grapple with the
problems of rain depended agriculture for
decades to curve.
The distribution of net sown area
(143 m ha) according to rainfall received
during the year is given in Table 4. A net
sown area of about 51 m ha falls in the
rainfall range of less than 350 mm to 750
mm. About the same acreage (51 m ha)
experiences an average annual rainfall of
750 mm to 1150 mm. The net sown area
having assured rainfall (> 1150 mm) is 41 m
ha. The livelihood and aspirations of millions
of farm families depends on the level of and
regularity of production from these areas.
Table 4: Distribution of area according to
annual rainfall.
Rainfall
Net sown area
(mm)
(m ha)
Dry
19
Dry

32

Medium

51

Assured

41

Total
143
Source : Fertilizer statistics, 1985-86, FAI,
New Delhi.
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There are intra-state and intraregion differences in crop productivity. The
irrigated crops yield two to three times more
per unit area than the rainfed crops in the
same region/state. More clearer picture of
productivity of some of the important crops
grown in rainfed and irrigated areas
emerges from Table-5 (Sampat, 1988) and
Table-6 (Yadav, & Singh 2000). On an
average irrigated area give three times more
productivity of food grain crops than the
unirrigated area.
Table 5: Productivity of some food grain
crops in rainfed and irrigated area
(1980-81).
Crops

Rainfed

Irrigated

 (t ha ) 
-1

Rice

0.50

2.42

Wheat

0.74

2.02

Course grains

0.67

1.05

Pulses

0.41

0.80

Total food grains

0.60

2.00

Table 6 :

Crops

Yields of principal crops under
irrigated
and
un-irrigated
conditions.
Irrigated

Unirrigated

%
increase
over
unirrigated

Rice

1880.3

1220.4

54.1

Sorghum

1242.6

606.9

104.7

Pearl Millet

1170.2

596.2

96.2

Maize

2040.5

1339.2

52.4

Wheat

2068.1

1100.1

88.0

Gram

830.0

548.5

51.3

Groundnut

1244.2

844.4

47.3

Sugarcane

70687.5

43161.2

63.8

Rapseed
Mustard

893.6

573.2

55.9

Cotton

440.3

195.1

125.7
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Rainfall conservation
In irrigated agriculture, rainfall
conservation helps in reducing irrigation
water demand and runoff as well as inducing
ground water recharge. The storage of
rainfall in rice fields and imposition of
cultural practices concerned with water
management can help to control declining
water table. The amount of storage depends
upon the quantum of rainfall and its
distribution, height of dyke around the rice
field,
and
the
soil
and
varietal
characteristics. The dyke height should be
planned that it stores maximum rainfall in
the field to avoid moisture deficiency during
dry spells and minimize irrigation water
requirement without affecting the crop
yields. Mishra et al. (1997) studied the effect
of dyke height on water, soil and nutrient
conservation on rice yield under the agroclimatic conditions of Bhubaneshwar. No
reduction in crop yield was observed even at
rainfall storage depth of 20 cm. Studies
carried out by Khepar et al. (1999) have
shown that increase in rainfall storage depth
from 10-15 cm significantly reduce the depth
of irrigation water applied, runoff (excess
rainfall) and increase in deep percolation.
The crop yield did not differ significantly
under different storage depths.
Adverse effect of weather induced
moisture stress on crop production :
 Excessive rains (floods) (All zones)
 Scanty rains (drought) (Arid, rainfed)
 Untimely rains (Rainfed, arid)
 Storms and Cyclones (Coastal, rainfed)
 Thunderstorms, hailstorms and dust
storms (mountain, arid)
 Cold wave accompanied by frost
(mountain)
 Heat wave (Arid, rainfed)
 Excessive
or
deficient
insulation
(Coastal, mountain).
 High winds (Arid, coastal, mountain).
Management
of
rainwater,
especially in situ conservation of moisture,
is a vital component of dryland crop
management practices. In agriculture lands
with 1-3% slope, runoff is about 25-35%
when the rainfall is in the range of 700-800
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mm. Though a lot of emphasis has been laid
on soil and moisture conservation since
1930s,
the
earlier
efforts
mainly
concentrated on construction of various
types of bunds across slopes. This helped in
controlling the soil erosion rather than
achieving uniform moisture distribution. The
principle behind the recommendation is to
reduce the runoff by increasing the
opportunity time through modifying land
configuration and improving soil properties.
The red and black soils, two major
soil types of the rainfed areas, have
distinctly differed characteristics and hence,
differ in their need of moisture conservation
methods. The red soils have higher
infiltration rate and low water retention
capacity while, the black soils have low
organic matter and slow infiltration rate.
Conservation is incomplete without
smooth disposal of surplus water and
development of inter-terraced area. Hence,
the present emphasis is on replacing large
section bunds with small section bunds to
achieve uniform distribution of moisture.
Rainwater is the key input in dryland
agriculture. The success to dryland
agriculture lays in the wise use of natural
resources, particularly the rainwater. In
tropical country such as India which
experiences extreme variation in rainfall,
both in space and time, rainwater
management assumes vital importance in
reducing risks and thus sustainability of crop
production in dry areas.
It is estimated that the total
precipitation in the country is 400 millionhectare meters (M ha m) annually. Of this,
around 150 M ha m enters the soil, about
180 M ha m constitute as the runoff, and
about 70 M ha m is lost through evaporation.
The country has utilized only about 20 M ha
m of the 180 M ha m of runoff for all major
and minor irrigation projects, thus, leaving
about 160 M ha m of precipitation that flows
freely through rivers in to sea. A significant
quantity of rainwater is thus available for
harvesting,
which
through
small
interventions could be efficiently used for
combating drought-related crop failures. An
estimate reveals that areas receiving up to
1000 mm annual precipitation hold a
potential to add 6.3 M ha m water equivalent
through runoff.
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Climate and soil are the dominant
factors in deciding weather or not runoff
farming/water harvesting system will be
possible and sensible. According to
Bruins et al., (1986) the hyper arid zone
(P/ETP <0.03) is too dry for viable runoff
farming, while the sub humid zone
(with P/ETP : 0.5 –0.75) will be too wet. The
runoff farming zone is primarily situated in
the arid zone (P/ETP:0.03 - 02) and to some
extent in the semi-arid zone (P/ETP:0.2-0.5).
Water Harvesting
It is estimated that even after
development of full irrigation potential of
139.5 M ha as against the possible cropped
area of 200 M ha by the year 2010 AD,
about 60 M ha will be left as rainfed.
Therefore, our strategy should be to
conserve every drop of rainfall. This can be
done by rain water harvesting. Rain water
harvesting and management consists of insitu and ex-situ harvesting.
a. In-situ water harvesting
In situ rain water harvesting can be
achieved by increasing infiltration rate with
the help of deep ploughing, profile
modification, vertical mulching and by
keeping soil surface rough. The in situ rain
water harvesting techniques are location
specific and depend on the rainfall intensity,
slope and texture of the soil. On lands
having slope up to 1 to 2 per cent, water
conservation could ensure by field bunding,
land leveling, contour ditching, and
cultivation along contour. On lands having 2
to 6 per cent slope, graded contour bunds
can be constructed and on slopes ranging
from 6 to 33 per cent bench terraces can be
made.
b. Ex-situ rain water harvesting
In arid and semi arid areas, the low and
erratic rainfall normally occurs with high
intensity of short duration resulting in high
runoff and poor soil moisture storage. As a
result, the country losses about 50 to 60 per
cent of rain water. This surface runoff if
harvested over a large area can yield
considerable amount of water for storage
and providing file saving irrigation to the
crop during the dry spell in the monsoon
season and also for growing a second crop
in Rabi season. The surface runoff from an
area can also increase by reducing the
infiltration capacity of the soil through
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vegetation management, cleaning, sloping
surface vegetation and reducing soil
permeability by application of chemicals.
The ex-situ rain water harvesting
technology include roof top collection, dug
out ponds/storage tanks, nala bunding, gully
control structures/ check dams/bandharas
(weirs), water harvesting dams, percolating
tanks/ponds, subsurface dams/barriers etc.
The ex-situ rainfall harvesting technology is
highly location specific and practices
evolved in a given region have a limited
application in other regions.
Water Harvesting Systems
Several techniques to augment
rainwater, both for in situ moisture
conservation and for collection in farm
ponds have been developed and tried at
several research locations of the All India
Coordinated Research Project for Dryland
Agriculture
{AICRPDA),
Operational
Research Projects, and model watersheds
of the ICAR, besides many state agricultural
universities and ICAR Institutes. Farm pond
water harvesting system was most
commonly followed. Inter plot and inter row
water harvesting systems were extensively
tried at the Central Arid zone Research
Institute (CAZRI), Jodhpur. Raised and
sunken bed system was tried at the Dryland
Research Station Indore and All India
Coordinated
Research
Project
for
Improvement of Soil Physical Conditions at
Jabalpur. Rice is grown in sunken beds and
the soybean is sown on the raised beds,
thereby meeting the water requirement of
both the crops, through the in situ water
harvesting system.
Micro catchments or farm pond water
harvesting system:
Hydrological studies conducted at
some of the AICRPDA centers suggested
that even in arid and semiarid environments,
rains are some times received as heavy
downpours resulting in runoff. This runoff of
about 10-30% could be capitalized for water
harvesting and runoff recycling. The main
conclusions of these studies are listed:
 For designing small ponds, runoff
estimates of 100 - 300 m3 ha-1 are fairly
safe in different agro climatic regions.
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Either (a) soil cement lining, allow 1030% seepage losses, or (b) brick tiles
with plaster with 0.4% percolation losses
can be adopted profitably for lining
ponds in most soils except heavy soils.



In some heavy soils, even unlined
ponds can provide water stored for 2-3
months after the rainy season.
One
irrigation
through
alternate
combined furrow method results in
increased yields by 50-100% over the
control for most of the grain crops,
particularly when harvested water is
applied during the long moisture stress
period falling nearly in the middle of the
growing season.





Efficient utilization of harvested water in
a
pond
requires
an
elaborate
consideration of selection of site, runoff
inducement, storage and evaporation
losses, and water lifting and conveyance
devices and their efficiencies.
Farm ponds-types
Farm ponds are small storage
structures used for collecting and storing
runoff water. As per the method of
construction and their suitability for different
topographic conditions farm ponds are
classified in to three categories, viz.,
excavated farm ponds suited for flat
topography, embankment ponds for hilly and
rugged terrains with frequent wide and deep
water
courses,
and
excavated-cumembankment type ponds. For soils mild to
moderate sloping topography, excavated
ponds are more suitable. Excavated farm
ponds could be rectangular, square or
circular. Although circular ponds have the
geometrical advantage, in that they offer
highest storage capacity, square or
rectangular ponds are preferred. Stepping
method of construction has several
advantages.
Selection of site
For selection of an ideal site of a
farm pond, consider the catchments that can
yield fairly good amount of runoff during the
rainy season become imperative. Locating a
farm pond in the middle of the cultivated
field will be ideal so that a sizable amount of
runoff could be collected and irrigation given
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through gravity flow. Soils with low
permeability minimize seepage losses and
are, therefore, preferred for locating a farm
pond. In general, a farm pond of 150 m3
capacity, with 1.5 : 1 is considered sufficient
for each hectare of catchments area in the
black soils with provision of emptying the
pond after it is filled up to accommodate
subsequent events of runoff (Radder et al.
1995a). In areas where generation of runoff
water is low, significant increase in the yield
of runoff can be achieved through mere
shaping of the soil surface or through
surface treatment of soil with sodium salts,
bentonite clay, hydrophobic compounds,
asphalt, bitumen or water proofing
membrane.

Storage of runoff water – seepage and
evaporation losses:
Excessive seepage – Percolation losses
make water storage an uneconomical
proposition. In medium, to deep black soils,
lining with saline sodic soil gave the least
losses per day. Natural clay soil linings are
generally the most economical. The
minimum thickness of clay soil linings should
be 30 cm up to 3 m pond depth and 5 cm
extra for each additional 30 cm pond depth
(Radder, et al. 1995b). The evaporation
losses in farm ponds are quit high in arid
regions. Floating material covering the water
surface reduces the area where evaporation
can occur.

While excavating a farm pond the
stepping method of construction will be most
convenient. For preventing silting of ponds,
a silt trap with suitable dimensions should be
located near the inlet of the farm pond. The
percolation losses are generally low in
ponds located in deep black soils. For
preventing percolation losses in ponds
located in coarse textured soils, materials
such as natural clays, bentonite, bitumen,
soil + cement mixture, stones or bricks in
cement
mortar,
asphalt
compounds,
polyethylene/rubber sheets and chemical
additives could be used. To reduce the
evaporation losses from the free water
surface in the ponds, anti-evaporants such
as plant residues, oil emulsions, fatty
alcohols, gum mixture, polyethylene oxides
and non-toxic chemicals may be used.

Conveyance of water to the field :

Selecting a Catchments for a farm pond :



Selecting of catchments for locating
a farm pond is extremely important for
several reasons. It is selected on the basis
of its potential for yielding sizeable quantity
of runoff. Too big catchments result in rapid
silting, while too small catchments may not
bring in enough water into the pond. The
runoff amount from different catchments will
depend on several factors listed in Table-7.
The expected runoff water yields for several
locations in India, representing different soil
types are presented in Table-8.
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Water is carried to cultivated fields
by open field channels, which are unlined,
and therefore, a large amount of water is
lost through seepage. About 20 to 50% of
water is lost during conveyance from source
to the field in different soils due to seepage
and percolation losses.
Efficient Use of Rain water
Increasing the stored water in the
root profile and increasing its efficiency,
remains the crux of soil and moisture
conservation strategy. According to Kanwar
(1982), the most rewarding practices that
result in greater efficiency of rain water use
are listed below :
Judicious use of rainwater :




Use of crops and their varieties that
requires less water.
The tailoring of varieties to fit with the
period of moisture availability.
Improved fertility management and
rainwater management.
Synergistic effect of soil and water
management and crop management
systems.
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Table 7: Factors governing amount of runoff
Major
factors

Associated factors.

1. Rainfall

1.Rainfall intensity
2.Rainfall duration

Dehradun,
U.P.

Silty
loam

1600

2-4

16.5

Bellary
Karnata
ka

Deep
black

508

1 to 2

20.0

4. Extent of depression and
undulations
of
catchments.

Shiwalik
region

Sand
y
loam

1150

10 to
15

25.0

1. Soil infiltration rate.

Anantapur A.P.

Shall
ow
red

540

3 to 5

220.0

Hyderabad A.P.

Red
sand
y
loam

770

2 to 5

10.0

Bangalo
re
Karnata
ka

Red
soil

830

2 to 3

20.0

Karnal
Haryana

Alkali

650

<2

40.0

Chitradurga
Karnata
ka

Red
loam

612

5 to 10

10.0

Bunga
Haryana

Silty
clay
loam

1116

10 to12

50.0

3.Rainfall distribution
4.Events of rainfall causing
runoff
2. Land
topograph
y

3. Soil type

Table 8: Expected water yield into farm
ponds in different regions of India
Ann.
Land
Expect
Regions Soil
type
RF
slope
ed
(mm)
(%)
water
yield
(%)

1. Degree of land slope.
2. Length of run.
3. Size & shapof catchments.

2. Antecedent soil moisture.
3. Soil texture.
4. Soil structure.
5. Soil erodibility
Characteristics.
4. Land use
Pattern

1.Cultivated/uncultivated or
partially cultivated.
2.Under pasture or forests.
3.Bare fallow
vegetation.

or

with

4.Soil
&
moisture
conservation
measures
adopted or not.
5. Crop cultural practices
that are adopted.
Rain water harvesting in dry semi-arid
tropics
Water is the main limiting factor in
this region. Distribution of rain both in space
and time and the great variation in intensity
of individual rain showers, results in
considerable runoff (10-25%). Estimates
show that about 10% of the rainfall is lost as
runoff from rainy season cropped black soils
(Vertisols) and about 25% from red soils
(Alfisols) under Hyderabad conditions. Most
of the runoff occurs in a few storms of high
intensity (Kanwar, 1982) .
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Benefits from runoff collection and
reuse are quite substantial for Rabi crops
even in medium to low rainfall areas.
Averaged over 4 to 5 seasons, one life
saving irrigation on sorghum resulted in
43%, 91.5% and 218.6% increase in grain
yield over no irrigation at Bijapur, Solapur
and Bellary, respectively.
Response
to
supplementary
irrigation varies with the crops, time of
331

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


irrigation, depth of irrigation, method of
water application, and fertility management.
Response of crops : Data from several
studies indicated that one supplemental
irrigation at critical stages of the crop growth
increased the crop yields considerably.
Introduction of high value crops such as
hybrid cotton under protective irrigation
further helps in enhancing the income of
dryland farmers. Due to better moisture
availability through supplemental irrigation,
the crop may even response to high levels
of nutrient applications. Oswal and Khanna
(1983) reported the effects of harvested
water at Hissar when applied at the time of
severe drought condition to Kharif crops and
as a pre-sowing irrigation to Rabi crops
(Table 9).
When to irrigate? : In order to get the
maximum benefit of the collected water,
supplemental irrigation should be given
when the Kharif crops are under moisture
stress. In potential double-cropped areas,
supplemental irrigation may be used for
establishment of the second crop, as the
surface soil is dry enough to adversely affect
the crop stand after Kharif crop.
Depending on the crop, the critical
stage of irrigation has to be chosen, so as to
get the maximum benefit. In general, the
crown root initiation and/or flowering stages
are more beneficial. Water may be applied
as pre-sowing irrigation if the seed zone is
dry or as irrigation to remove water stress
and promote root growth.
Table 9 : Effect of harvested water on crop
yields
Crop
Crop yield (kg ha-1)
Growth
stage
Without
With 7
irrigation cm
irrigation
Bajra

Grain
filling

1320

2240

Mung

Pod
formation

830

1300

Gram

580

1960

Mustard

750

1650

Depth of irrigation and method of
irrigation also play a vital role in increasing
the efficiency of water use. For shallow
rooted narrow spaced crops combined
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

alternate furrow irrigation has an advantage
over furrow irrigation. An application of
modest dose of fertilizer increased the grain
yield of crops.
The nature of water availability from a
normal soil is presented in Fig. 1.
Field capacity

Available water
Permanent wilting point

P
Unavailable Water

Sandy


Loamy


Clayey

P

Fig. 1 : Water availability of different soils.
Inter-plot Rain Water Harvesting : In the
rainfall situations (less than 250 mm), the
rainfall is not sufficient to meet the water
requirement of any of the Kharif crops and
for conserving enough soil moisture for
cultivation of the Rabi crops for stable crop
production. Under such situations, it would
be more appropriate to cultivate the crops in
a part of the area and the rest can be used
as a donor area (catchments) for rain water
harvesting
for
the
cropped
area.
Vijaylakshmi (1983) reported that in the arid
soil of Jodhpur inter-plot water harvesting
(catchments to cropped area 1:1) yielded
2800 kg ha-1 of pearl millet against 1850 kg
ha-1 under control. Kataria and Malik (1988)
reported 50% increase in taramira yield
when 50% of the area was sown under interplot rain water harvesting system (25%
donor area on both sides with inward slope
of 3%) in comparison with when whole area
was sown without the provision of rain water
harvesting on inter-raw basis in below
normal rainfall condition. However, this
method of rainwater harvesting is not much
feasible and practicable on a larger scale
due to much earthwork involved in shaping
the land for cultivation of grain crops. This
method is more feasible and practicable for
arid fruit trees.
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Inter-raw Rain Water Harvesting
More practical and feasible approach for rain
water harvesting especially in the SouthWestern part of the state is on inter-row
basis by simultaneously making ridge-furrow
configuration and seeding the kharif crops in
the paired rows (30/60 cm) on the upper part
of the shoulder of the ridges with the tractor
as well as with the animal drawn ridge
seeders. The harvested rainwater on interrow basis has improved the pearl-millet crop
especially in normal & below normal rainfall
years (Table 10).
This technology of rain water
harvesting on inter-row basis also helps in
improving the crop stand especially of small
seeded crop like pearl millet by mitigating
the adverse crust effects on germination and
seeding burying problems due to rain during
germination period and also helps in safe
disposal of excess rain water in the high
rainfall years. Oswal et al. (1987) reported
that in the event of rainfall within 2-3 days
after seeding of the pearl millet crop, the
sowing in ridge-furrow system helped in
improvement (18.9 to 29.6%) in the
germination in comparison to flat seeding of
pearl millet.
Table 10: Effect of inter-row rainwater
harvesting on pearl millet yield
Rainfall
(mm)

Pearl millet yield (kg ha-1)
Control

With inter row rain
water harvesting

701

2502

2634

(5.3)*

238

1419

1710

(20.5)

77

1039

1153

(11.0}

*Data in parentheses are % increase in crop
yield in comparison to control.
Productive use of rainwater in these
agro-climatic conditions can be increased
further by the adoption of either improved
agro-techniques in conjunction with the
appropriate
rainwater
harvesting
technologies. These rainwater harvesting
technologies needs to be transferred to the
farmers’ fields especially through the
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

Operational
Research
Projects
and
Watershed Management Projects, and
through other agencies and projects
associated with the agricultural development
in the dryland areas.
Inter-plot and Inter-row Water Harvesting
Systems
In situ water harvesting studies
were initiated at CAZRI in 1969. Singh et al.
(1973) found that ridge-furrow (60 cm : 40
cm) and micro-catchments system of 4%
slope gave 203% and 121% higher yield
than the regular flat planting. Singh and
Singh (1997) has reported the results of a
number of studies carried out by him and his
colleagues at CAZRI :
1. Among the five crops tried in the water
harvesting system i. e. pearl millet,
sorghum, cowpea, mung bean and
cluster bean, the preference should go
to pearl millet for its high physical output
and fastest growth resumption after
rains fallowing a prolong drought.
Cowpea and mung bean are by far the
best for rotation with pearl millet for
water harvesting system in arid zone.
2. In seasons having well distributed and
above normal rainfall, both regular row
and double row plant geometry gave
similar yield of pearl millet. In dry
season with two cycles of prolonged
drought in the critical stage of growth, a
22% yield increase in double row over
regular row was recorded.
3. Besides crop selection, improved
management practices were integrated
in to water harvesting with a view to
making the system economically viable.
Improved
package
of
practices
consisted of better crop varieties,
judicious use of manures and fertilizes
and better crop husbandry practices are
most beneficial.
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Effect of Pesticide on Soil Health and Microbial Activity
B. Sachidanand
Principal Scientist
Department of soil Science & Agricultural Chemistry
JN Krishi Vishwa Vidhyalaya, Jabalpur 0- 482004 (M.P.)
The use of pesticides have increased
considerably under good agricultural practices to
combat pests and diseases. This has resulted in
reaching these chemicals in to the soil profile,
thereby persisting for a longer period causing
deteimental effect on the soil microorganisms.
Pesticides, whether natural or synthetic do have
toxicological significance posing risk in various
components of environments. A pest may be
any organism, insect diseases rodent nematode
fungal disease, weed, herb, bacteria etc., which
is injurious to health of man or to man’s
economic efforts.
Pesticides directly effect the soil
microorganisms in terms of influencing the plant
growth by1.

Altering the soil microorganisms which helps
in mineralization and making nutrients in
available form such as Azotobacter,
Rhizobium,
phosphorus
solublizing
microorganisms cellulolytic microorganism
which determine soil fertility, as the soil
microflora make valuable contribution in
making the soil healthy and fertile.

2.

Affects mycorrhizal symbiosis in plants
change number of nodules.

3.

Changes soil in several microorganisms in
quantitative
aspects
of,
disturbing
microbiological equilibrium and soil health.

4.

Variation in nitrogen balance in soil affecting
growth and activity of nitrifying bacteria,
Nitrosomonas and Nitrobacter and

5.

Interference with ammonificaiton in soil.

Thus the soil application of pesticides
may interfere in intermittent stage of profuse
microbial activity in the soil. Alternatively,
pesticide might affect the dormant structure and
possibly cause lethal to germination of the
spores, which may be susceptible either to
chemical or to adverse conditions, organisms
may die and are destroyed.

Classification of pesticides:
Pesticides come under a broad group of
chemicals
categorizing
into
chlorinated
hydrocarbons, organophosphorus compounds,
carbonates,
organosulphur
compounds,
heterocyclic
molecules,
halogenated
nitroaromatic compounds, phenols and inorganic
substances. They are being used for plant
protection measures since decades in the form
of
insecticides,
herbicides,
acaricides,
fungicides, rodenticides etc.
Nitrogen transformation and other elements
Ex.
Phosphorus,
Sulphur,
Iron
and
Manganese are in addition to carbon and
nitrogen
Microbial activity in soil:
The activities of microorganisms in soil
profile are an essential tool for the global cycling
of the nitrogen, sulfur, carbon, phosphorus and
other elements. It is very important to
understand the pathway that how the pesticide
enters or are transformed in soil. This mainly
depends on the nature and the conditions of the
microorganisms living in the soil environment.
Therefore, soil can not be considered as a single
environment but is a complex of microenvironments which usually interact with each
other. The micro environment can be modified
by the nature and amount of food substrates for
the microbes and a large number of physical and
chemical factors, food substrate originating from
a wide varieties of organic residues such as
dried and dead plants, the soil, animals and
corpses and droppings of the above fauna and
the microbes themselves.

In natural soils an alteration in any single
environmental factor may set off consequential
changes having more profound effect on soil
metabolism and population balance that might
have been anticipated. Slight change in moisture
content will effect aeration which, in turn, may
alter the oxidation reduction stages of inorganic
materials.
In animals, pesticide resistance appears Impact of pesticides on microorganism in
rapidly in mites, ticks and to some extent in soil:
aphids. After 65 years of GAP, DDT still
Pesticides applied directly or indirectly to
continues to be in practice for public health
soil to control various pests, destroy or affect the
programme though its use in agriculture is
agricultural crops, live stock and humans. Large
banned.
amount of organic and inorganic compounds
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)
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Table 1. Effects of selected pesticides on Soil Enzymic activity
Enzyme effect
Pesticide

Asporagenase

Dehydrogenase

Urease

Catalase

Phosphatase

Protease

Invertase

Proteinase

?

I

I

S

S

?

S

I

Carbamates

?

N

I

?

S

I

I

?

Hetero cycle Pesticides

?

I

I

?

S

I

I

I

Nitrophenols

?

ISN

IS

I

?

?

N

Substituted Ureas

IS

I

I

IS

S

I

I

?

Triazines

S

I

I

IS

S

I

I

?

Benzoic and Phenoxy
Alkanoic acid

I = Inhibition;
S = Stimulation;
? = Effect unknown;
Grossbard (1976) Bonamati et al (1985) and Litchfield and Huben (1973)

N = No effect

Table 2. Effect of some pesticides on soil microbial population
Microbial group
Chemoheterotrophic bacteria

Pesticide effect (IS?N)
Chlorinated

Fumigants

Fungicides

Substituted Ureas

Triazines

ISN

I

SN

ISN

N

Chemoautotrophic Bacteria

IN

I

N

?

IN

Actinomycetes

N

I

SN

SN

SN

Rhizobia

I

I

I

I

IN

Photosynthetic Bacteria

I

I

IN

?

I

Saprophytic Fungi

NS

I

I

IN

N

Mycorrhizal Fungi

IN

I

I

I

IN

I

I

I

I

I

Algae

I = Inhibition;
S = Stimulation;
? = Effect unknown;
Adapted from Babich and Stotzky, 1982, Lal and Saxena, 1982

N = No effect

enter in the soil from the disposal of wastes from
industrial, agricultural, domestic and national
defence programmes. Pesticides adversely
influence the growth and activity of beneficial
microorganisms. Microbial activity results in
biochemical transformation in soil. Nitrogen
transformation is one of the major microbial
functions transforming organic nitrogen to
inorganic form. The major transformation
includes ammonification,
nitrification and
denitrification.

ammonificaiton,
population.

Soil
microorganisms
such
as
mycorrhizal fungi is important for phosphorus
nutrition of plant, its transformation is of utmost
important for release of phosphrous.

Organism: Nitrobacter winogradskyi, N. agilis.

Sulphur cycle in the environment
through the activities of microbes that assimilate
sulphate mineralize organic sulphur compounds
and liberates H2S or oxides of H2S to elemental
sulphate.
Since a series of bacteria are possible
autotrophic nitrifiers such as chemoautotrophic
microorganisms, they are more sensitive to the
action of pesticides than processes such as

done

by

diverse

microbial

Ammonium oxidation to nitrite
NH4 + 3/2 O2  NO2 + H2O + 2 H (ΔF = -69 K Cal.)
+

+

Organism: Nitrosomonas europaea, Nitrosospira
briensis, Nitrococcus mobilis, Nitrosolobus
multiformis, Nitroso Vibrio tenuis
Nitrite oxidation to nitrate
NO2 + ½ O2 

NO3 (ΔF = -18 K Cal.)

Heterotrophic nitrification in soils:
Nitrite is highly toxic to many plants and
animal species including humans. Therefore
process that inhibits ammonium oxidation could
have adverse health effect.
+
Organic N, NH4 + ½ O2



NO2,NO3 + 2 H+

Organisms, Bacteria (eg: Arthrobacter
sp.
Pseudomonas
sp),
Actinomycetes
(Streptomyces sp. Nocardia sp) and Fungi
(Aspergillus sp. Penicillium sp)
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It is reported that substituted ureas and
atrazince inhibit denitrification in the presence of
pesticides resulting in preventing fertilizer loss
by denitrification. Several herbicides inhibit
denitrification upto 46% such as Diuron, Linuron,
Neburon, Chlorbromuron and Atrazine to the
extent of 27, 40, 46, 46 and 40 per cent
respectively.
Rhizobium sp. are more sensitive to
pesticides than free living bacteria Azotobacter
sp. Azotobacter chroococcum is affected by
aldicarb, disulfoton and fensulfothion, while BGA
(Nostoc) can tolerate up to 2000 ppm of
propazine where other strains are killed by just
of 1 ppm concentration (Gross bard 1976).

converted to dieldrin by Trichoderma, Fusarium,
Penicillium and Pseudomonas without any loss
of insecticidal properties. Heptachlor is
converted to heptachlor epoxide in soil by
Fusarium, Rhizopus, Penicillium, Trichoderma,
Nocardia,
Streptomyces,
Bacillus
and
Micromonospora Converts Lindane to & HCH by
clostridium and Escheriachia, disappearing fastly
in flooded soil.
The herbicides and fungicides are also
degraded by microbes. Simazine and atrazine
are degraded by Aspergillus, Rhizopus,
Fusarium, Penicillium and Trichoderma, Linoson
herbicides are degraded specially by Asperigillus
nidulans etc. Fungicides like Ferbam (Ferric
dimethyl dithiocarbomate) and Ziram (Zinc
dimethly dithio carbomate) are degraded by
yeasts. PCNB (Pentachloronitrobenzene) is
degraded by Rhizoctinia solanii and mercurial
fungicide are attacked by Penicilluim, Asperigllus
and Bacillus, species.
Factors influencing Pesticides in soil
Factors that influences the fate of
pesticides in soil are

Effect of some of the selected pesticide
on the enzymic activity has been well studies. It

is known that most of the pesticides are
inhibitors of different enzymic activity, little are
stimulated and very few have no effect.
Similarly, some of the microbial groups are
affected by pesticide, with inhibitory stimulatory
and no effects.
Pesticide degradation by microorganisms:
Pesticides
are
degraded
by
microorganisms in soil. It has been reported that
many bacteria and fungi converts DDT to DDD.
Example,
Achromobacter,
Aerobacter,
Agrobactrium,
Bacillus,
Clostriduim,
Corynebacterium, Escherichia, Ervinia, Kurthia
Pseudomonas and Streptococcus. Aldrin gets

1.

Chemical decomposition

2.

Photochemical decomposition

3.

Microbial decomposition

4.

Volatilization

5.

Movement in soil

6.

Plant and organism uptake and adsorption

Persistence of pesticide in soil varies
probably due to differences in analytical
techniques used in monitoring residues. The
effective persistence of pesticide in soil varies
from few weeks to several years depending on
the chemical characteristic of the compound and
its reaction in soil. Phosphates being highly toxic
don’t persist for longer periods of more than 3
months, but chlorinated pesticides persists for
more than 4 to 10 years.
Persistence
S. No. Pesticides
1.
Chlordane
5 Years
2.
DDT
4 Years
3.
BHC
3 Years
4.
Heptachlor
1-3 Years
5.
Diazinon
3 Months
6.
Disulfoton
4 Weeks
7.
Phorate
2 Weeks
8.
Malathion and Parathion 2 Weeks
9.
Deuron
8 Months
10.
Linuron
4 Months
11.
2-4 D
1 Month
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12.
13.

Zimazine
Atrazine

12 Months
10 Months

Environmental pollution and human
hazards due to use of intensive pesticides and
industry wastes are of great concern. Once a
pesticide is released in the environment, it is
distributed in soil depending on its physic
chemical properties of the soil. The microbial
components mainly bacteria, fungi, algae and
protozoa are important for degrading plant and
animal matter, recycling organic and inorganic
nutrients in soil, especially in carbon nitrogen
phosphorus and sulfur transformation. The
pesticide application should not be at the cost of
soil health deterioration. We have to look for Bio
pesticides application which can be a substitute,
to certain extent, to chemical synthetic
pesticides. This approach needs to educate
farmers from grass root level on the judiciously
use of pesticides in order to prevent
environmental
pollution
and
minimizing
contamination in food chain.
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Potassium the Important Nutrient for Improving Soil Plant and
Atmosphere Systems
S.D. Sawarkar
Senior Scientist
Department of soil Science & Agricultural Chemistry
JN Krishi Vishwa Vidyalaya, Jabalpur 0- 482004 (M.P.)
Potassium is absorbed by pants in
larger amount than any other nutrients except
N. Although the total K content of soil is
usually may times greater than the amount
taken up by a crop during a growing season,
in most cases only a small fraction of it is
available to plants. Potassium being the third
important nutrient is not largely taken care of
by farmers. But now its deficiency after N and
P is being observed in different parts of India
in most of the crops. Thus potassium
dynamics is of great significant in view of its
role in increasing yield of crops besides
improving quality.
K stimulates the degree and extent of
root proliferation, root branching etc. The
greater root proliferation usually gives plants
better access to sub soil moisture. Adequate
K decreases the rate of transpiration through
stomatal conductance. Available literature
reveals that K application decreases the
incidence of fungal diseases by 70%, bacteria
by 69%, insect and mites 63% and viruses
41%. Simultaneously, the yield of plants
infected with fungal diseases by 42% with
bacteria 57% with insect and mites by 36%
and with viruses by 78%.
Based on its relatively ease in
availability to plants, soil potassium can be
classified into three main groups viz.,
unavailable, readily available and slowly
available K. The bulk of soil potassium (about
98% of total K) usually exists in unavailable
form in primary (micas and feldspars) and
secondary (Illite group) clay minerals. The
readily available K constitutes only 1-2% of
total K and exists in soil in two forms, viz.,
solution and exchangeable K adsorbed on soil
colloidal surface. These forms remain in a
dynamic equilibrium with one another. The
readily available or water soluble K has been
reported to be a dominant fraction in the initial
stage while exchangeable and nonexchangeable K contribute more in the later
stages of growth. But due to continuous
removal of potassium by crops and through
leaching losses from soil, steady state

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

equilibrium probably never occurs and there is
a continuous but slow conversion of
potassium from primary minerals to the
exchangeable and slowly available forms
Generally, Indian soils are considered
to be rich in potassium but under intensive
cultivation of high yielding varieties of crops
with application of high rates of N and P tends
to deplete the K reserve of soil at a faster rate
and decline in productivity has been seen at
many places due to inadequate supply of K
sound fertilizers recommendation.
Under intensive cultivation, readily
available exchangeable K is removed by crop.
This is followed by further release of
exchangeable K from non- exchangeable
forms. The dynamic equilibrium are markedly
affected when applied soil solutions K is either
taken up by plants or leached into the lower
soil horizons or converted into unavailable
form. Under this situation non- exchangeable
K plays an important role by releasing K to
exchangeable and solution forms. The
dynamics of potassium in soil depends on the
rate of application and mining of K from the
system
Distribution of various potassium
fractions in soil
Many research workers found that the
amount of water soluble, exchangeable, nonexchangeable, lattice and total-K in Vertisols
profiles ranged from 3.0-31.8,54-278,83-1
787,1243-7387 mg kg and 0.14 - 0.82%,
respectively. In general, surface horizon
showed higher content of water soluble,
exchangeable and non-exchangeable K than
lower horizons.
Other workers estimated different
forms of K in soils and reported that the total
-1
K ranged from 10100 to 17500 mg kg (1.01
to 1.75%). Different components of total K
viz. water soluble, exchangeable, available,
non- exchangeable and lattice K were 0.09 to
0.15, 1.04 to 1.63, and 1.1 to 1.76. 3.16 to
5.25 and 93.17 to 95.66 per cent,
respectively.
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Plant nutrient content of common potassium fertilizer in percent
S.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Name of fertilizer

K2O

S

Mg

P2O5

N

Potassium Chloride
Potassium Sulphate
Potassium Mg. Sulphate
Potassium Nitrate
Potassium Hydroxide
Potassium Carbonate
Potassium Orthophosphates
Potassium Polyphosphate
Potassium thiosulphate
Potassium Polysulphide

60
50
22
44
83
68
30-50
22-48
25
22

17
22
17
23

11
-

30-60
-

13
-

Other sources: Wood ash, manure, crop residues, distillery & coir industry wastes, cement kiln dust etc.

Crops sensitive to high amounts of KCl :-

Yield of of crops



Tobacco, Grapes, Fruit trees, Cotton,
Sugarcane, Potatoes, Tomatoes, Straw
berries, Cucumber and Onion.



KNO3 also contains 13% N, is preferred
fertilizer for spraying on fruit trees and
horticultural crops.



Schoenite (double salt of K & Mg) is a
good source of K as MOP for groundnut,
banana, rice, wheat and maize.

Balance and adequate application of
potassium is necessary along with nitrogen
and phosphorus to achieve higher yields
besides other micronutrients.
Reports
indicate that application of integrated use of
optimal fertilizer dose with manure is
successful in maintaining high level of
soybean and wheat productivity and in the
maintenance and improvement of soil fertility.

Researchers observed that the higher
Potassium and crop quality :
yield due to farmyard manure application may
be due to additional nutrients supplied by it as
Potassium has long been referred to
well as improvement in physical and biological
as the quality nutrient. The quality effects are
properties of soil. Similarly other workers
more closely linked to nutrient interactions
showed
that
the
application
of
such as N-K, than to absolute levels of K.
recommended dose of NPK (100:50:40
Studies in India have shown that potassium
-1
for sorghum and 120:60:60 kg ha for
increases the proportion of best quality grade
-1
wheat) and 10 t FYM ha recorded the
tubers in potato, protein in cereals, oil content
highest grain and straw yield of sorghum
in oil seeds, total sugar, sucrose and vitamins
and wheat and also improved available
etc. in fruits, sucrose content and extraction,
NPK and organic carbon content of soil.
sucrose percentage in sugarcane and some
other quality parameters in other crops.
-1
Table 1 : Effect of different treatments on available K and its fractions in soil (mg kg ).
Treatments

50%NPK
100%NPK
150%NPK
100%NPK+FYM
Control
CD (P=0.05)
Treatments

50%NPK
100%NPK
150%NPK
100%NPK+ FYM

Control
CD (P=0.05)

Available – K
0–20
20–40
40–60
123.65
118.93 112.50
134.63
126.58 119.50
142.10
138.05 131.90
147.60
142.93 137.55
101.30
96.08
90.30
12.55
7.77
7.87
Non exchangeable – K
0–20
750
770
813
885
736
88

20–40
721
742
773
818
706
114

40–60
705
724
763
786
694
85

Water soluble – K
Soil depth (cm)
0–20
20–40 40–60
18.58
16.05
15.63
21.85
18.28
17.58
22.78
20.58
19.50
24.85
22.80
21.95
15.55
12.13
10.58
4.36
2.10
2.91
Lattice – K
Soil depth (cm)
0–20
20–40 40–60
3933
3409
3132
4035
3507
3421
4353
3656
3447
4366
3756
3518
3856
3319
2848
588
436
437

Exchangeable – K
0–20
105.08
112.78
119.33
122.75
85.75
9.58

0–20
4807
4939
5307
5398
4693
598

20–40
40–60
102.88
96.88
108.30
101.93
117.48
112.40
120.13
115.60
83.95
79.73
8.15
7.13
Total – K
20–40
4249
4375
4567
4716
4121
419

40–60
3950
4265
4342
4441
3632
459

(Source: Annual Progress Report of AICRP on LTFE 2009 -10)
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Studies
conducted
on
different
fractions of potassium indicate that all forms of
potassium decreased with depth due to the
effect of different treatments. Maximum part

was under lattice-k followed by nonexchangeable-k. The next in order was
available-k and water soluble -k

Table 2 : Potassium uptake by different crops under field conditions
Crop

Botanical name

Yield
( tonnes ha-1)
3.90
5.14
1.50
1.20
2.54
2.60
2.50
2.38
87.60
1.00
2.85
91.90
29.50
38.00
84.00
150.00

Triticum aestivum L.
Wheat
Oryza sativa L.
Rice
Cicer arietium L.
Chickpea
Cajanus cajan
Pigeonpea
Arachis hypogaea
Groundnut
Brassica juncea
Mustard
Glycine max Merr.
Soybean
Helianthus annus L.
Sunflower
Saccharum officinarum L.
Sugarcane
Camellia spp.
Tea
Nicotiana tabacum L.
Tobacco
Medicago sativa L.
Alfafa
Solanum tuberosum L.
Potato
Musa paradisiacal L.
Banana
Ananas sativa Schuff
Pineapple
Carica papaya L.
Papaya
Source: Tandon (1991)
Factors affecting availability of potassium:
1. Soil Texture: The effect of texture on K status
is more conspicuous in alluvial (Illite dominant)
soils than in black (Smectite dominant) or red
(Kaolinite dominant) soils because of the
presence of K bearing minerals in the finer
fraction of soil.
2. Depth: Calcareous alluvial soils show a
decrease in both the available and nonexchangeable form with depth. In swell shrink
(Vertisols / deep black) soils both available and
reserved K decreased with depth. IndoGangetic plains show more available K in the
surface soils while non-exchangeable K is more
in the sub surface soil.
3. Soil pH: Soil pH has a significant role in the
+
availability of potassium in soil. In acid soils, H
and hydroxy-aluminium ions compete with K
ions for the exchange or adsorption sites and
+
are able to keep more K ions in the solution
phase and reduce their susceptibility to fixation.
+
As the pH increases the H and hydroxyaluminium ions are neutralized or removed,
+
making it easier form of K ions to move closer
to soil colloidal surfaces where they become
susceptible to fixation.

1.

2.

3.

Total uptake
(kg K ha-1 )
137
180
49
16
95
133
101
141
270
37
65
669
119
1053
440
415

Luxury Consumption: Some crops tend to
absorb and accumulate potassium far in
excess of their needs if it is present in
sufficiently large quantities in the soil. This
tendency is termed “luxury consumption”,
because the excess K absorbed does not
increase crop yields to any appreciable extent.
Wasteful luxury consumption occurs especially
with forage crops.
Leaching losses of K: Significant losses of
applied K due to leaching occur mainly on
sandy soils, organic soils and soils with
kaolinite as the dominant clay minerals. On
fine textured soils, the vertical movement of K
in the profile is restricted. Since considerable
amount of K adsorbed by soil colloids, leaching
losses of this element normally do not result in
yield loss except on very sandy soils. For
some crops, split application of K is
recommended under high leaching conditions.
Soil erosion: Soil erosion also leads to
considerable loss of total potassium from the
soil. The erosion losses of K are serious and
generally exceed those of any other major
nutrient elements.

References :

4. Liming: Liming of acid soils (with pH dependent
negative charge) increases the cation exchange
capacity (CEC) of soil which results in increased
K adsorption by the soil colloids and a decrease
in the K level in the soil solution.

Anonymous (2009-10). Annual Progress Report of AICRP
on Long Term Fertilizer Experiment,
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Losses of potassium:

Fundamentals of Soil Science (2002). Indian Society of
Soil Science, Division of Soil Science and
Agricultural Chemistry, IARI, New Delhi : 369 –
380.

The losses of potassium may be due to luxury
consumption, leaching and soil erosion.

A Hand Book of
Mineral Nutrition and Diagnostic
Techniques for Nutritional Disorders of Crops
(2008) Agro bios India Publication : 66-69.

Soil fertility and fertilizers : An Introduction to Nutrient
Management III Edition (low priced)
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Organic Farming Paves Way for Second Green Revolution
L.N. Verma
Former Director
National Biofertilizer Development Centre and Chief Scientist
Department of soil Science & Agricultural Chemistry
JN Krishi Vishwa Vidhyalaya, Jabalpur - 482004
The Green Revolution has been a
landmark in transformation of Indian
agriculture, most of the contribution to the
success have been due to the use of high
yielding variety of planting material, fertilizers,
plant protection and irrigation system.
Establishment of agricultural universities and
adoption of research results obtained from
these universities by farmers through the
extension network of State Department of
Agriculture paved the way for substantial
increase in food production leading the nation
to self sufficiency and even surplus for export.
The success of the Green Revolution made
the nation jubilant. But in the recent decades
despite of commendable progress made
earlier deceleration of crop yield has become
a matter of serious concern.
High Agrochem Low Response:
Consumption of chemical fertilizers
have increased seven folds and of pesticides
by 375 folds while the resulting food
production had just doubled during the first 20
years of launch of Green Revolution
(Ramanathan, 2006). Increased use of
chemicals under intensive cultivation has
disturbed the harmony existing among soil,
plant and microbial population (Ghosh, 1999).
It is reported that the incidence of
insects, pests and diseases is more acute and
serious due to imbalance use of fertilizers, so
the use of pesticides during last a few
decades has become most essential agroinput to increase and sustain crop yields.
Agro-chemicals are very expensive input in
conventional farming and with the decrease in
yield per unit, use of agro chemical, the
farmers have suffered loss and their financial
system has become unsustainable.
Ailing Nutrition:
Scientific evidences indicate that
along with the content of food, particles of
pesticides, sprayed or used over crops leave
undissolved and harmful elements which are
transferred to human and other living bodies
through grains, vegetables, fruits and grasses
cause a number of diseases, ailments and
harmful effects on our health (Bhattacharyya,
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

2005). India stands first in the list of quantity
of pesticides consumed through food
(Table-1)
Table 1 : Quantity of pesticides consumed
through food
Country

USA
United European countries
Canada
Australia
Germany
Europe
India - Vegetarians
Non - Vegetarians

Pesticides
consumed
through
(mgd-1 person-1)
7.6
12.0
13.3
20.0
149.0
156.0
356.3
362.5

Source : Selvaraj et al. (2005)
Soil is most valuable input in farming.
An inch of soil formation requires 2 - 4
centuries and unwarranted use of chemical
inputs we are making it unhealthy in few years
at faster rate (Raju, 2011).
Organic Farming : Definition and Scope
Traditional agriculture, sustainable
agriculture, jaivik krishi are used as synonym
to organic agriculture. This is misnomer.
Some think that use of organic manures and
natural methods of plant protection in place of
synthetic fertilizers and pesticides is organic
farming. This partly includes the required input
and therefore not true in real sense. The most
accepted definition of organic forming is, "The
term organic is best thought of as referring not
to the type of inputs used, but to the concept
of the farm as an organism, in which all the
components - the soil minerals, organic
matter, microorganism, insects, plants,
animals and humans - interact to create
coherent, self regulating and stable whole.
Reliance on external inputs, whether chemical
or organic, is reduced as far as possible.
Organic farming is (w) holistic production
system (Bhattacharyya & Chakraborty, 2005)".
In literature organic - sustainable
agriculture is described either in negative
term- no dependence on synthetic fertilizers,
pesticides and antibiotics or in terms of
342

 CAFT on Advances in Agro-technologies for Improving Soil, Plant & Atmosphere Systems from 11-31 Oct. 2012


substitute practices (use of manures, crop
rotation, and minimum tillage). Such
specification negate attitudes, goals, values
and redesign components of organic sustainable agriculture (Verma 2002). Organic
sustainable agriculture is a philosophy, has its
roots in set of value that reflect a state of
environment of awareness of ecological and
social realities and the ability of the individual
to take effective action. Organic farming may
be comprehensively as environment friendly
ecological production system that promotes
and enhances biodiversity, biological cycles
and biological activities. It emphasizes on no
use of off-farm inputs and management
practices that restore maintain and enhance
ecological harmony.
Features of Organic Farming:
Organic farming system is required to have
the following salient features:
1. Production technology under agriculture,
animal husbandry, poultry farming and
aquaculture etc.
2. To do away with all synthetic or artificial
inputs including chemicals as fertilizers,
pesticides, weedicides and plant and
animal hormones.
3. The inputs from seed to seed, calf to calf
and egg to egg should only be
from
natural sources and processes.
4. At post harvest stage, food processing
should ensure non-use of any chemicals,
synthetics and preservatives, colouring or
flavouring agents. and
5. Increased use of on-farm inputs.
Principle of Organic Farming:
IFOAM has underlined the detailed
principle attached to the organic farming,
which in short is to
1. Maintains long term fertility of soils.
2. Avoid all forms of pollution that may result
from agricultural techniques.
3. Produce food stuff of high nutritional
quantity in sufficient quality.
4. Reduce the use of fossil energy in
agricultural practice to a minimum.
5. Maintain genetic diversity of agricultural
system of plant, wild life habitats.
6. Give live-stock conditions of life that
confirm to their physiological need.
7. The healthy use and proper care of water,
water resources and all life therein.
8. Encourage and enhance biological cycles
with in the farming system, increasing
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9.

10.

11.

12.

microorganism, soil fauna and flora, plants
and animals.
Use as far as possible, renewable
resources in the on-farm organized
agricultural system.
Use materials and substances which can
be reused or recycled either on
farm
or else where.
Produce non-food products out of
renewable resources which are fully
biodegradable, and
Allow everyone involved in organic
production and processing a quality of life.

Possibility and
farming in India:

Adoption

of

organic

Small and marginal farmers dominate
Indian agriculture. While many are directly
benefiting from the urban-oriented growth, a
far greater number still struggle to produce
sufficient food and income to sustain their
livelihoods. During "Green Revolution Era"
while agriculturally optimal areas and large
farmers with irrigation benefited while
subsistence farmers in rain-fed marginal land
areas were left out. It is in these marginal land
areas and for these small and marginal
farmers that organic agriculture holds much
promise to improve their livelihoods. Sixty five
percent of its small and marginal farmers are
either using few or no chemicals. The organic
farmers associations in Maharashtra and
several other states emphasize both the
economic benefits such as self-reliance in
inputs and premium prices, as well as the
intrinsic ecological benefits of organic
agriculture, such as improved soils, fewer
toxic chemicals and harmony with nature.
Organic agriculture has, thus, provided hope
to small farmers to move from a vicious cycle
of poverty and land degradation to a virtuous
cycle of food and income security and
environmental quality.
Organic farming denotes a holistic
system of farming which optimizes productivity
in a sustainable manner through creation of
interdependent agri-ecosystems where annual
crop plants (e.g. wheat), perennial trees (e.g.
horticulture) and animals (including fishes
where relevant) are integrated on a given field
or property. It is often confused with certified
organic farming (COF) or labeled organic
which is a commercial quality control and
marketing mechanism entailing third party
certification or any other form of independent
certification for individual commodities and the
process
or
their
cultivation
(see
www.ifoam.org for details.) It is important to
separate the two.
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The first - organic farming is
essentially an agriculture employing a
knowledge/understanding
of
naturally
occurring processes while the second - a
certified organic farming (COF) is essentially
the same as Organic Farming but there is an
addition of checks and balances to maintain
soil fertility and control insect-pests and
diseases. It is done by involving record
keeping on various aspects and is dictated by
market forces.
About 74% farmers in India are small
and marginal farmers. Organic farming is most
relevant to them. In this farming system
approach a piece of land is used optimally and
to its fullest potential to produce a range of
nutritious and healthy food as well as other
required commodities in a manner which can
healthily feed a small family, and maintain soil
health and productivity by agricultural
practices based on principles of nature. Pests
(both insects and diseases) are also
controlled and managed by the selection of
crop mixes and using biological control
measures.
Difference between Organic Farming and
Conventional Agriculture:
Organic farming is a farming system
based approach involving use of all potential
'good agricultural practices or GAP' including
recycling of
locally available natural
resources, integration of crops and animals
into the local farming system. Thus it not only
promotes poly cropping on a given piece of
land it also connects plants (annual and
perennial), animals (fishes etc. included where
relevant). More information on these aspects
can be readily seen on www.eurogap.org. In
addition to other requirements of crop
production to harvest high yield, a crop needs
nutrients to grow and support of plant
protection
agents
against
pests.
In
conventional agriculture (CA) nutrient need is
met by bag fertilizers synthesized using fossil
fuels while in Organic farming it is met by the
activity
of
agriculturally
beneficial
microorganisms, available in plenty in several
natural niches or can be multiplied by small
bioproducts companies. Focus of research in
CA is on killing the pests using synthetic
pesticides while Organic farming depends
more on natural allies in managing them.
Knowledge on biological aspects of insect life
and behavior, and on botanicals and microbial
agents with ability to suppress pests are
important in Organic farming. Over years
organic farmers in India have noted local
recipes and products to serve as a source of
crop nutrients or crop protection and thus do
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not depend on suppliers for their inputs.
Organic farming practitioners in developed
countries generally depend on market for
biological options.
Sadly organic farming, a farmer
empowering and high yielding and sustainable
technology is not much researched and
promoted by the mainstream agricultural
system, not only in India but globally. It is
indeed a question worth researching,
particularly in the context of developing
countries. As indicated in answer to the
questions above, Organic farming in the
context of India is synonymous to the use of
low-cost and biological approaches for crop
production and protection and is more
relevant to the majority small-holder farmers in
India. Thus governments should consider this
as the technology relevant to most farmers in
India, particularly to small-holder farmers, who
cannot afford purchased inputs, even if
subsidized.
Organic
farming
is
knowledge
intensive system and has been developed by
practitioners themselves over the years. There
is essentially no external input and therefore it
is a low-cost system. This knowledge and
experience is largely with practitioners of
Organic farming and yet to be documented
professionally.
Plant Protection in Organic Farming :
Only environment friendly options of
crop protection are used in Organic farming.
These include cultural practices, poly crops,
trap crops, plants and microorganism with
biofactors to kill or suppress insect pests.
Tropical countries are rich in tens or perhaps
hundreds of plants (botanicals) with ability to
help manage crop pests (both diseases and
insect-pests). Also, Microorganisms with
ability to kill/suppress crop pests occur in
nature and some are available commercially.
In addition, each insect-pest has its own
natural enemies generally referred as
'beneficial insects". For example, as per a
published report, the most obnoxious insectpest Helicoverpa armigera (also called legume
pod-bored or cotton boll-worm) has over 200
natural enemies.
But the synthetic pesticides used in
CA kill all the friendly insects that occur in a
field while the options used in Organic farming
either do not affect them adversely or affect in
a small way. This area of research started
gaining attention of the mainstream system
largely after the negative effects of the
synthetic pesticides were widely known. But
most scientists, particularly Entomologists,
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although believe that there is a role of
biological options (stated above) in plant
protection generally state that use of synthetic
pesticides is a must to effectively manage
insect-pests. It is this rigid position of theirs
which is helping the status quo on these
pesticides (Note : synthetic pesticides are
poisons adversely affecting endocrine glands,
skin, respiratory and nervous system of all
living beings be it insects, animals or humans
- difference is of quantity. Some pesticides
increase/accumulate as they travel up in the
food chain). And farmers continue to use
synthetic pesticides as their first choice and
depend on input suppliers for advice on their
use. It therefore need policies and very strict
enforcement by concerned government
organizations to prevent or minimize
occurrence of these poisons in the food chain.
Why restrict pesticides when India is a
low user ? - yes, if calculated on the basis of
quantity of pesticide use per unit area India is
one of the low users. This is a misleading
piece of statistical information. If calculated on
the basis of quantity of pesticide used in a
given crop such as vegetables, it may even be
more than the high use countries. It means
the rate of use for a given crop and niche, it is
not low. Also, countries using high quantities
educate and enable their farmers to use
protective cloths while spraying. No farmers in
India uses protective cloths and industry does
not behave responsible to educate their
clients. It is due to this fact that pesticide
residues in the blood of Punjab farmers
(district Bhatinda in particular) is about 60times more than its counterpart in USA.
(Yadava 2008)
Conclusion :
Suitable soil, fresh water, climate,
vegetation, nutrients and energy are the basic
natural resources needed for agricultural
production. These natural resources are not
only shrinking rapidly but also deteriorating
very fast due to the pressure to meet the food,
fiber and fuel requirement of ever increasing
population. After independence of the country
national growth of agriculture food production
has surpassed the population growth of the
country. The out break of population has been
three times while food production has reached
four times from 1947. Now India is in position
not only to feed its population but also to
export food grains.
In the past more attention was on
cereal production but for making balanced diet
(food) intake livestock, horticulture, poultry,
fishery and legume production are required to
JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)

be also taken seriously. The added problem is
that these products are to be taken from
diminishing and deteriorating per capita arable
land and irrigation water resources and
expending biotic and abiotic stresses.
Agriculture development is not possible on
deteriorating natural resources; conservation
and efficient use of natural resources have
become a primary consideration to meet the
future challenges of food and environment
security. Now under such resources stress
condition, there could probably be no other
way better in securing health of natural
resources. For success of the need for more
food and other agricultural commodities can
possibly be met through higher yields per unit
of land, water, energy and time. The important
consideration to be serious about is that in
process of meeting the challenge of food
security, health of natural resources is not
ignored.
In future, highly intensive agriculture
is required to meet the growing demands; it
would call for more efficient management of
inputs like seed, water, plant nutrient and
protection system and labour. Resource
management has a direct bearing on society
and economics and therefore it is expected
that future planning and activities have to
originate from and should address the social
and economic needs of the farmers. Organic
farming since aims at exclusion of off-farm
inputs; seed, soil, plant nutrients, water and
plant protection and an inclusion and
dependence on closed on-form system, the
organic farming, there has been a pseudo fear
of declining productivity; some long term
experiments in Switzerland, USA and India
(ICRISAT Patancheru A.P. India) have proved
that low cast on farm resource based
management system can yield optimum and
comparable productivity. Two third areas are
under rainfed agriculture. Even if all water
resources are geared up and irrigational
potential is exploited fully half of the net
cultivated area of the country will remain
unirrigated. Under such conditions efficiency
of inputs is not fully utillized in conventional
farming. Rupella et al. (2006) in their survey
observed that most of the organic farming
practitioners shifted to organic farming not
because of premium price of the organic
produce but the reduced expenditure on
inputs and similar yields to their neighbor
conventional farmers. In recent years, the
area under organic farming has increased. It
is because of increasing awareness that
conventional farming has adverse impact on
soil, human and animal health, biodiversity
and environment. Now it is gaining a view that
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organic farming may paves the way to second
green revolution.
To introduce and popularize chemical
fertilizers and pesticide in the country, it took
more than fifty years and government central
and state furrowed enormous funds for the
cause. The fertilizers, certain pesticide and
seeds/planting materials are still sold on
subsidized rate, which is still unaffordable to
small and marginal farmers. An abrupt and
total shift to organic farming from conventional
farming system is neither desirable nor
possible. The shifting may be done in phases
like inclusion of additional percentage of
holding every year and hundred percents in 3
to 5 years depending on sustainability. It is too
early to negate and doubt the popularization
of organic farming system as organic
production is coming from the farmer's
movement and consumer's choice which can
not be ignored. A central sector project, the
National Centre of Organic Farming at
Ghaziabad with six Regional Centers at
Jabalpur, Nagpur, Hissar, Bhubaneshwar,
Banglore and Imphal have been established,
are acting as facilitator for promoting Organic
Agriculture. A few of the research and
development priority needs for early and
hastened shifting to organic farming are to be
addressed are development of location
specific package of practices, low cost
certification process, separate standard and
certification processes for domestic market
and export market, formation of co-operative
sector to help in marketing of the products of
tribal farmers and provision of adequate
subsidy and encouragement to the farmers
practicing organic farming.
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