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Preface
Healthy soil is the foundation of the food system. Soil health is the capacity of soil to
function as a vital living system, within ecosystem and land-use boundaries, to sustain
plant and animal productivity, maintain or enhance water and environmental quality and
promote plant and animal health. Soil health is critically important to sustain the
agricultural productivity and environmental safety. Healthy soils provide a range of
environmental services including water infiltration, habitat provision and profitable and
sustainable agriculture. In recent past anthropogenic reductions in soil health and of
individual components of soil quality are a pressing ecological concern. There is a great
need to increase awareness of the importance and utility of managing soil health for
sustainable agricultural production system. Management of soil health involves
artistically combining a number of practices that enhance the soil's physical, chemical and
biological suitability for crop production. The key strategies for betterment of soil health
could be the addition of abundant quantity of organic matter (crop residues, manures, and
composts), suitable crop rotations, conservation tillage, mulching with living and dead
residue, reducing compaction and best nutrient and pesticide management practices
including biological components.

Since the establishment of Centre of Advanced Faculty Training (erstwhile Center
of Advanced Studies) in 1995, 27 training programmes have been organized on various
themes of Soil Science. The present training programme has been organized on
“Management of Soil Health: Challenges and Opportunities” for Assistant Professors/
Scientists and Associate Professors/ Senior Scientists of SAUs, ICAR institutes and other
Agricultural institutes with Masters degree in Soil Science & Agricultural Chemistry /
Agronomy / Horticulture from 29th September to 19th October, 2014. This training will
virtually be helpful for better understanding how to maintain soil health for achieving
higher crop production and sustainability and also a better future for coming generation.
I feel my proud privilege to acknowledge my sincere thanks to Dr. S. Ayyappan,
Hon’ble Director General (ICAR), Dr. Arvind Kumar, Deputy Director General (Education)
ICAR and Dr. Alok Jha, ADG (International Relations), ICAR for their keen interest in the
CAFT project at JNKVV, Jabalpur. My sincere thanks are also due to Dr. V.S. Tomar, 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, Director Research Services, Dr. S.K. Rao, Dean
Faculty of Agriculture, Dr. S.K. Shrivastava, Director Instructions and Dr. P.K. Mishra,
Director Extension Services, JNKVV, Jabalpur for their valuable cooperation to CAFT.

I would like to express my special thanks to all faculty members, guest speakers
and other faculty members for imparting their expertise in their respective field of
specializations.
My thanks and appreciations also go to my colleagues and members of various
organizing committees for successful organizing the training programme and people who
have willingly helped me out with their abilities.

Jabalpur
October, 2014

(A.K. Rawat)
Director, CAFT
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BIOFERTILIZERS: a tool towards soil health management
A.K. Rawat
Professor & Head,
Department of Soil Science & Agril. Chemistry
JNKVV, Jabalpur
Green revolution brought self
sufficiency in food grain requirement of
the country and made India self
sufficient in food grain production. The
Pillars of green revolution were: Seed –
Improved high yielding varieties; Water –
Increase in irrigation ;Fertilizer – Use of
chemical fertilizers and Plant protection
– Pests and disease management. The
Accomplishments (Since 1950-51 to
2013-14) are: Food production: >5 times
; Horticultural crops: >6 times; Fish
production: >9 times; Milk production:
>6 times and Egg production: >27 times.
But Food requirements during 2025 will
be 320million tonnes while during 2050
it will be
400+ million tonnes.
Challenges and responsibilities
• To feed the ever growing population we
need to produce more and more food
from declining natural resources like
land and water.
• Experiments World over proved, can’t
sustain productivity without external
supply of nutrients.
• Intensification of agriculture with high
yielding varieties accelerated in mining
of native nutrients. Nutrient’s use
efficiency is also a main concern.
• Improvement in soil health is very
much essential to sustain our
agriculture. It is also our
moral
responsibility
to pass our natural
resources
to next generation in a
better condition.
• Long term experiments are most
appropriate to address issues related
nutrients and soil health.
Low Nutrient use efficiency in India
due to poor soil health:
Nutrient
Nitrogen
Phosphorus
Potassium
Zinc
Iron
Copper

Efficiency (%)
30-50
15-20
70-80
2-5
1-2
1-2

Declining natural sesources:
WHY SAVE WATER ?
Demand by other sectors increasing
Priority is drinking water
10% saving in agriculture enhances the
share of other sectors by 40%
Tentative
estimates
of
water
consumption
We drink 2~3 litres/day (15-20 Glasses)
We eat 1500 – 10000 litres/day
1 kg rice – 3-4000 litres VIRTUAL
1 kg wheat – 800 litres WATER
Virtual Water (Allan, 1933)
 15,000 litres of water for 1 kg of
beef.
 5000 litres of water for 1 kg of
cheese.
 40 litres of water for 1 slice of wheat
bread.
 Behind that morning cup of coffee
involve 140 litres of water used to
grow, produce, package and ship the
beans i.e. roughly the amount of
water used by an average person
daily for drinking and house hold
needs.
 One single hamburger needs an
estimated 2400 litres of water Per
capita, an American consumes
around 6800 litres of virtual water
every day, over triple that of a
Chinese.

SOIL
It is well known fact that soil is one
of the most important natural resources
which facilitates the nutrition to plants
and directly related to productivity of
crops and ultimately life on this planet.
Soil is not just dirt, the life within
it make it live. Our soil is old and fragile,
it can be damaged by farming
techniques, poisoned by rising salts and
lost by water and wind erosion. Caring
for the soil is the first principle of land
care. Unless soil health is cared, all
other interventions of crop production,
including improved varieties, plant
protection measures etc. are void.
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India's food economy has gone
through a complete cycle since its
independence,
starting
with
food
shortages via self sufficiency and will
end with possibility of food insecurity
situation.
Agriculture sector is witnessing a
serious problem of deceleration and
stagnation of crop yields which will
probably persist in the coming years.
Diminished soil health is resulting
from
exploitative
and
intensive
agricultural practices which have put
tremendous pressure on the soil causing
steady decline in soil environment and
nutritional deficiencies which need to be
corrected for sustaining agriculture
production. The combination of an
increasing GDP, population growth,
urbanization and industrialization are
also imposing a pressure on the quality
of our soils as well as shrinking the
agricultural lands which are being used
for non agricultural purposes. Disturbed
ecology is main concern for soil health.

How ecology is disturbed ??
 Industrialized agricultural techniques
are exacting a huge toll on
 surrounding environments,
 polluting waterways,
 creating dead zones in the oceans,
 destroying biodiverse habitats,
 releasing toxins into food chains,
 endangering public health
 Making soil unhealthy
Disturbing the agro-ecology??
“Ecology is the scientific
discipline that is concerned with the
relationships between organisms and
their past, present, and future
environments.”
Agroecology is the study of
ecological processes that operate in
agricultural production systems. It is
an
interdisciplinary
field
that
includes biology and Earth science”

Soil Health
•

•

The health of soil is of great concern
to farmers and the mankind whose
livelihood depends on well managed
agriculture.
Soil fertility usually defined primarily
in chemical and physical term, while
biological properties are neglected.
Soil health is mainly determined by
ecological characteristics.

Soil Deterioration
•

•

Environment
Minister
(GOI)
conceded that about 25% of India
land is degraded and turning to
desert (Times of India, New Delhi)
In the beginning of the century
desert was in 20% area of earth,
which has increased over 30% and
spreading rapidly

Nutrient
Requirement
Production
•

•
•
•

for

Crop

In early years of green revolution1kg of NPK produced 16 kg food
grain
Now in 2010-2011- 1kg of NPK
produced 6 kg food grain
The requirement of nutrients have
increased about three times
The additional requirement of micro
nutrients have also increased.

Sustainable agriculture
A whole-systems approach to food,
feed, and fiber production that balances
environmental soundness, social equity,
and economic viability among all sectors
of the public.
Sustainable Agroecosystems
 Maintain their natural resource
base.
 Rely on minimum artificial inputs
from
outside the farm system.
 Manage pests and diseases through
internal regulating mechanisms.
 Recover from the soil disturbances
caused by cultivation and harvest
through CA.
Principles
of
Sustainability

Agroecology

and

 Use of renewable resources
 Use of renewable sources of energy
instead of non-renewable sources.
 Use of agriculturally beneficial
microorganisms.
 Use of naturally-occurring materials
instead of synthetic, manufactured
inputs.
 Use of on-farm resources as much as
possible.
 Recycling of on-farm resources of
nutrients.
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Minimize Toxics

 Reduce or eliminate the use of
materials that have the potential to
harm the environment, soil and
human health.
 Use farming practices that reduce or
eliminate environmental pollution
with nitrates, toxic gases, or other
materials generated by burning.
• Conserve Soil
 Sustain soil nutrient and organic
matter stocks.
 Minimize erosion.
1. use perennials
2. use no-till or reduced tillage
methods.
3. mulch.
4. Soil water management.
• Conserve Water
 Rain water harvesting.
 Use efficient irrigation systems.
• Conserve Energy
 Use energy efficient technologies.
• Conserve genetic resources
 Save seed.
 Maintain local landraces.
 Use heirloom varieties.
 Adjust to Local Environments
 Match cropping patterns to the
productive potential and physical
limitations of the farm landscape.
 Adapt Biota
• adapt plants and animals to the
ecological conditions of the farm.


Manage Ecological Relationships
Reestablish
ecological
relationships that can occur
naturally on the farm instead of
reducing and simplifying them.
• Manage pests, diseases, and
weeds instead of “controlling”
them.
• Use intercropping and cover
cropping
• Integrate Livestock
• Enhance beneficial biota in soil
(flora and fauna).
Recycle Nutrients
• Shift from through flow nutrient
management to recycling of
nutrients.
•



• Return
crop
residues
and
manures to soils.
• When
outside
inputs
are
necessary, sustain their benefits
by recycling them.
 Minimize Disturbance
• Use reduced tillage or no-till
methods.
• Use mulches.
• Use perennials
 Diversify
• Landscapes
1. Maintain undisturbed areas as
buffer zones.
2. Use contour and strip tillage.
3. Maintain riparian buffer zones.
4. Use rotational grazing.
• Biota
1. Intercrop.
2. Rotate crops.
3. Use polyculture.
4. Integrate animals in system.
5. Use multiple species of crops and
animals on farm.
6. Use
multiple
varieties
and
landraces of crops and animals
on farm.
• Economics
1. Avoid dependence on single
crops/products.
2. Use alternative markets.
3. Organic markets.
4. Community
Supported
Agriculture
5. Add
value
to
agricultural
products.
6. Process foods before selling
them.
7. Find alternative incomes.
8. Avoid dependence on external
subsidies.
9. Use multiple crops to diversify
seasonal timing of production
over the year.
 Value Health
• Human Health
• Cultural Health
• Environmental Health
• Animal Health
• Plant Health
• Soil health
Soil biota is majorly responsible for
healthy soil which is directly coorelated
with the availability of soil organic
carbon which is considered to be as
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'black gold of soil'. Beneficial biota in
soil can be enhanced by using the
preparations made from beneficial
microorganisms.
A
biofertilizers
(also
biofertilizer)
or
bioinoculants
are
formulations which contains living
microorganisms which, when applied to
seed, plant surfaces, or soil, colonizes
the rhizosphere or the interior of the
plant
and
promotes
growth
by
increasing the supply or availability of
primary nutrients to the host plant. Biofertilizers add nutrients through the
natural processes of nitrogen fixation,
solubilizing
phosphorus,
and
stimulating plant growth through the
synthesis
of
growth-promoting
substances. Bio-fertilizers and bio
control agents can be expected to reduce
the use of chemical fertilizers and
pesticides. The microorganisms in biofertilizers restore the soil's natural
nutrient cycle and build soil organic
matter. Through the use of biofertilizers, healthy plants can be grown,
while enhancing the sustainability and
the health of the soil. Since they play
several roles, a preferred scientific term
for such beneficial bacteria is "plantgrowth promoting rhizobacteria" (PGPR).
Therefore,
they
are
extremely
advantageous in enriching soil fertility
and
fulfilling
plant
nutrient
requirements by supplying the nutrients
through
microorganism
and
their
byproducts.
Bio-fertilizers provide eco-friendly
organic agro-input and are more costeffective than chemical fertilizers. Biofertilizers
such
as
Rhizobium,
Azotobacter, Azospirillum and blue green
algae (BGA) have been in use a long time
in India. Rhizobium inoculant is used for
leguminous crops. Azotobacter can be
used with crops like wheat, maize,
mustard, cotton, potato and other
vegetable
crops.
Azospirillum
inoculations are recommended mainly
for sorghum, millets, maize, sugarcane
and wheat. Blue green algae belonging
to a general cyanobacteria genus, Nostoc
or Anabaena or Tolypothrix or Aulosira,
fix atmospheric nitrogen and are used as
inoculations for paddy crop grown both
under upland and low-land conditions.
Anabaena in association with water fern
Azolla contributes nitrogen and also

enriches soils with organic matter.
Other types of bacteria, so-called
phosphate-solubilizing bacteria (Bacillus
and Pseudomonas), are able to solubilize
the insoluble phosphate from organic
and inorganic phosphate sources. In
fact, due to immobilization of phosphate
by mineral ions such as Fe, Al and Ca or
organic acids, the rate of available
phosphate in soil is well below plant
needs. In addition, chemical P fertilizers
are also immobilized in the soil,
immediately, so that less than 20
percent of added fertilizer is absorbed by
plants. Therefore, reduction in P
resources,
on
one
hand,
and
environmental pollutions resulting from
both production and applications of
chemical P fertilizer, on the other hand,
have already demanded the use of new
generation of phosphate fertilizers
globally
known
as
phosphatesolubilizing bacteria or phosphate biofertilizers.
Potential Characteristic features of
some bio-fertilizers
Nitrogen fixers
Rhizobium
belongs
to
family
Rhizobiaceae, symbiotic in nature, fix
nitrogen 50-100 kg/ ha in association
with legumes only. It is useful for pulse
legumes like chickpea, red-gram, pea,
lentil, black gram, etc., oil-seed legumes
like soybean and groundnut and forage
legumes like berseem and lucerne.
Successful nodulation of leguminous
crops by Rhizobium largely depends on
the availability of compatible strain for a
particular legume. It colonizes the roots
of specific legumes to form tumor like
growths called root nodules, which acts
as factories of ammonia production.
Rhizobium has ability to fix atmospheric
nitrogen in symbiotic association with
legumes and certain non-legumes like
Parasponia. Rhizobium population in
the soil depends on the presence of
legume crops in the field. In absence of
legumes, the population decreases.
Artificial seed inoculation is often
needed to restore the population of
effective strains of the Rhizobium near
the rhizosphere to hasten N-fixation.
Each legume requires a specific species
of Rhozobium to form effective nodules3.
Azospirillum:
belongs
to
family
Spirilaceae,
heterotrophic
and
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associative in nature. In addition to their
nitrogen fixing ability of about 20-40
kg/ha, they also produce growth
regulating substances. Although there
are many species under this genus like,
A.amazonense,
A.halopraeferens,
A.brasilense, but, worldwide distribution
and benefits of inoculation have been
proved mainly with the A.lipoferum and
A.brasilense. The Azospirillum form
associative symbiosis with many plants
particularly with those having the C4dicarboxyliac
path
way
of
photosynthesis
(Hatch
and
Slack
pathway), because they grow and fix
nitrogen on salts of organic acids such
as malic, aspartic acid. Thus it is mainly
recommended for maize, sugarcane,
sorghum,
pearl
millet
etc.
The
Azotobacter colonizing the roots not only
remains on the root surface but also a
sizable proportion of them penetrates
into the root tissues and lives in
harmony with the plants. They do not,
however, produce any visible nodules or
out growth on root tissue. Azotobacter:
belongs to family Azotobacteriaceae,
aerobic, free living, and heterotrophic in
nature. Azotobacters are present in
neutral or alkaline soils and A.
chroococcum is the most commonly
occurring species in arable soils. A.
vinelandii, A. beijerinckii, A. insignis and
A. macrocytogenes are other reported
species. The number of Azotobacter
rarely exceeds of 104 to 105 g-1 of soil
due to lack of organic matter and
presence of antagonistic microorganisms
in soil. The bacterium produces antifungal antibiotics which inhibits the
growth of several pathogenic fungi in the
root region thereby preventing seedling
mortality to a certain extent. The
population of Azotobacter is generally
low in the rhizosphere of the crop plants
and
in
uncultivated
soils.
The
occurrence of this organism has been
reported from the rhizosphere of a
number of crop plants such as rice,
maize, sugarcane, bajra, vegetables and
plantation crops.
Blue Green Algae (Cyanobacteria) and
Azolla: These belongs to eight different
families, phototrophic in nature and
produce Auxin, Indole acetic acid and
Gibberllic acid, fix 20-30 kg N/ha in
submerged rice fields as they are

abundant in paddy, so also referred as„
paddy organisms‟. N is the key input
required in large quantities for low land
rice production. Soil N and BNF by
associated organisms are major sources
of N for low land rice4. The 50-60% N
requirement is met through the
combination of mineralization of soil
organic N and BNF by free living and
rice plant associated bacteria. To
achieve
food
security
through
sustainable agriculture, the requirement
for fixed nitrogen must be increasingly
met by BNF rather than by industrial
nitrogen fixation. BGA forms symbiotic
association capable of fixing nitrogen
with fungi, liverworts, ferns and
flowering plants, but the most common
symbiotic association has been found
between a free floating aquatic fern, the
Azolla and Anabaena azollae (BGA).
Azolla contains 4-5% N on dry basis and
0.2-0.4% on wet basis and can be the
potential source of organic manure and
nitrogen in rice production. The
important factor in using Azolla as
biofertilizer for rice crop is its quick
decomposition in the soil and efficient
availability of its nitrogen to rice plants.
Besides N-fixation, these biofertilizers or
biomanures also contribute significant
amounts of P, K, S, Zn, Fe, Mb and
other micronutrient. The fern forms a
green mat over water with a branched
stem, deeply bilobed leaves and roots.
The dorsal fleshy lobe of the leaf
contains the algal symbiont within the
central cavity. Azolla can be applied as
green manure by incorporating in the
fields prior to rice planting. The most
common species occurring in India is A.
pinnata and same can be propagated on
commercial scale by vegetative means. It
may yield on average about 1.5 kg per
square meter in a week. India has
recently introduced some species of
Azolla
for
their
large
biomass
production, which are A.caroliniana, A.
microphylla, A. filiculoides and A.
mexicana.
Phosphate solubilizers
Several reports have examined
the ability of different bacterial species
to
solubilize
insoluble
inorganic
phosphate
compounds,
such
as
tricalcium
phosphate,
dicalcium
phosphate, hydroxyapatite, and rock
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phosphate. Among the bacterial genera
with this capacity are Pseudomonas,
Bacillus,
Rhizobium,
Burkholderia,
Achromobacter,
Agrobacterium,
Microccocus, Aereobacter, Flavobacterium
and Erwinia. There are considerable
populations of phosphatesolubilizing
bacteria
in
soil
and
in
plant
rhizospheres. These include both aerobic
and anaerobic strains, with a prevalence
of aerobic strains in submerged soils. A
considerably higher concentration of
phosphate
solubilizing
bacteria
is
commonly found in the rhizosphere in
comparison with non rhizosphere soil.
The soil bacteria belonging to the genera
Pseudomonas and Bacillus and Fungi are
more common.
Phosphate absorbers and mobilizers
(Mycorrhiza)
The term Mycorrhiza denotes “fungus
roots”. It is a symbiotic association
between host plants and certain group
of fungi at the root system, in which the
fungal partner is benefited by obtaining
its carbon requirements from the
photosynthates of the host and the host
in turn is benefited by obtaining the
much
needed
nutrients
especially
phosphorus, calcium, copper, zinc etc.,
which are otherwise inaccessible to it
(due to limited root surface area), with
the help of the fine absorbing hyphae of
the fungus and these infected roots with
fungal hyphae increases the root surface
area by many fold. These fungi are
associated with majority of agricultural
crops, except with those crops/plants
belonging to families of Chenopodiaceae,
Amaranthaceae,
Caryophyllaceae,
Polygonaceae,
Brassicaceae,
Commelinaceae,
Juncaceae
and
Cyperaceae.
Zinc solubilizers
The
nitrogen
fixers
like
Rhizobium, Azospirillum, Azotobacter,
BGA and Phosphate solubilizing bacteria
like
B.
magaterium,
Pseudomonas
striata,
and
phosphate
mobilizing
Mycorrhiza have been widely accepted
as bio-fertilizers. However these supply
only major nutrients but a host of
microorganism that can transform
micronutrients are there in soil that can
be used as bio-fertilizers to supply
micronutrients like zinc, iron, copper

etc.,The zinc can be solubilized by
microorganisms
viz.,
B.
subtilis,
Thiobacillus
thioxidans
and
Saccharomyces
sp.
These
microorganisms can be used as biofertilizers for solubilization of fixed
micronutrients like zinc. The results
have shown that a Bacillus sp. (Zn
solubilizing bacteria) can be used as biofertilizer for zinc or in soils where native
zinc is higher or in conjunction with
insoluble cheaper zinc compounds like
zinc oxide (ZnO), zinc carbonate (ZnCO3)
and zinc sulphide (ZnS) instead of costly
zinc sulphate.
Silicate solubilizing bacteria (SSB)
Microorganisms
are
capable
of
degrading silicates and aluminum
silicates. During the metabolism of
microbes several organic acids are
produced and these have a dual role in
silicate weathering. They supply H+ ions
to the medium and promote hydrolysis
and the organic acids like citric, oxalic
acid, Keto acids and hydroxy carbolic
acids which from complexes with
cations, promote their removal and
retention in the medium in a dissolved
state.
The studies conducted with a Bacillus
sp. isolated from the soil of granite
crusher yard showed that the bacterium
is capable of dissolving several silicate
minerals under in vitro condition. The
examination of anthrpogenic materials
like cement, agro inputs like super
phosphate and rock phosphate exhibited
silicate solubilizing bacteria to a varying
degree. The bacterial isolates made from
different locations had varying degree of
silicate
solubilizing
potential.
Soil
inoculation studies with selected isolate
with red soil, clay soil, sand and hilly
soil
showed
that
the
organisms
multiplied in all types of soil and
released more of silica and the available
silica increased in soil and water. Rice
responded well to application of organic
sliceous residue like rice straw, rice
husk and black ash @ 5 t/ha.
Combining SSB with these residues
further resulted in increased plant
growth
and
grain
yield.
This
enhancement is due to increased
dissolution of silica and nutrients from
the soil.
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Biofertilizer journey
Broth based inoculants:
The commercial history of biofertilizers began with the launch of
Nitragin by Nobbe and Hiltner, a
laboratory culture of Rhizobia in 1895,
followed by the discovery of Azotobacter
and then the blue green algae and a
host
of
other
micro-organisms.
Azospirillum and Vesicular-Arbuscular
Micorrhizae (VAM) and other are fairly
recent discoveries. In India the first
study on legume-Rhizobium symbiosis
was conducted by N.V.Joshi and the
first commercial production started as
early as 1956. During this initial stage
liquid broth based inoculants were
prepared and were used. But these
formulations were faced with lot of
problems
like
suitable
packing,
transportation,
shelf
life,
low
effectiveness and their use at fields
which compelled researchers to think
over for other alternatives.
Carrier based biofertilizers
Looking to constraints with broth
based biofertilizers attempts were made
to evaluate several solid carriers like
peat, lignite, coal, FYM, soil, fly ash and
so many other carrier material which
were locally available in different parts of
the country were used considering the
properties like: (1) non toxic to bacterial
inoculants (2) good moisture absorption
capacity (3) easy to process and free
from lump formation (3) easy to sterilize
(4) available in adequate quantity (5) less
expensive (6) good adhesion power to
seed (7) good pH buffering capacity and
(9) non toxic to plants. Looking to all the
tested carriers with special reference to
survival of impregnated microorganisms,
peat soil was found to be most suitable.
But looking to scanty deposits of peat in
India
the
biofertilizer
production
technology was concentrated on the use
of lignite (a low grade coal) as a carrier
for beneficial microorganisms to be used
in agriculture and is still in use.
Liquid microbial consortium
Liquid formulation is a budding
technology in India and has very specific
characteristics and uniqueness in its
production methods. Liquid biofertilizers
are
the
microbial
preparations

containing
specific
beneficial
microorganisms which are capable of
fixing or solubilizing or mobilizing plant
nutrients by their biological activities.
Carrier based biofertilzers has
already shown their significance and
have been showing the tremendous
effect
on
the
global
agriculture
productivity since the past two decades.
Rectifying the disadvantages of the
carrier
based
biofertilizers,
liquid
biofertilizers have been developed which
would be the only alternative for the cost
effective sustainable agriculture. Liquid
Biofertilizer
Technology
providing
reliable reasons for their necessity,
specificity and emphasizes that “Use of
agriculturally important microorganisms
in different combinations i.e. Liquid
microbial consortium (LMC) is the only
solution for restoration of soil health”.
Even though biofertilizers are being
produced and distributed constantly by
private agencies, NGO’s, State and
Central Government production units
for the last three decades, their
corresponding usage is not in the
satisfactory proportions. To cope with
the
rising
demands
for
food
commodities, serious efforts are being
made by the State and Central
Governments
(under
the
National
Projects) for the sufficient agricultural
production by popularizing biofertilizers
and making them available to the farmer
community. In spite of these efforts, the
rate of consumption of biofertilizers is
not to the optimum level in comparison
with the agrochemicals. The reason
attributed is the “non-availability of good
and suitable carrier materials” that
raises contamination problems and
shorter shelf life. To cope with this
alarming situation, Liquid formulations
(LFs) are being developed that ensure
more quality over the conventional
carrier based biofertilizers inaugurating
a new era in the Biological input
technology. These liquid formulations
facilitate long shelf life (up to 2 years),
minimum contamination, carrier free
activity, handling comfort, storage and
transport convenience, easy quality
control, enhanced export potentials and
are preferred by the farmer community
as well as manufacturers.
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LBF Vs CBBF
Liquid biofertilizer formulation is
the promising and updated technology of
the
conventional
carrier
based
production technology which inspite of
many
advantages
over
the
agrochemicals,
left a
considerable
dispute among the farmer community in
terms of several reasons major being the
viability of the organism. Shelf life is the
first and foremost problem of the carrier
based biofertilizers which is maximum
up to 6 months as per BIS standards.
LBF on the other hand facilitates the
long survival of the organism by
providing the suitable medium with cell
protectants which is sufficient for the
entire crop cycle. Carrier based bio
fertilizers are not so tolerant to the
temperature
which
is
mostly
unpredictable and uncertain during
transportation and in the crop fields
while temperature tolerance is the other
advantage of the liquid biofertilizers. The
range of possible contamination is very
high as bulk sterilization does not
provide the desirable results in the case
of CBBF, where as the contamination
can be controlled constructively by
means of proper sterilization techniques
and maintenance of intensive hygiene
conditions by appropriate quality control
measures in the case of LBF. Moisture
retaining capacity of the CBBF is very
low which does not allow the organism
viable for longer period and the LBF
facilitates the enhanced viability of the
organism. The additional benefits of LBF
over CBBF are: longer shelf life -12-24
months, no contamination, no loss of
properties due to storage upto 45ºC,
greater potentials to fight with native
population, better survival on seeds and
soil, very much easy to use by the
farmer, high commercial revenues.
However, the administration of
LBF in the fields is comparatively easier
than CBBF. The other disadvantages of
CBBF like poor cell protection, labor
intensity, and dosage controversy,
limited scope of export, expensive
package and transport, very slow
adaptation by the farmer community are
some of the strongest problems which
are being solved by the Liquid
biofertilizers very effectively. Therefore,
LBF are believed to be the best

alternative for the conventional carrier
based biofertilizers in the modern
agriculture
research
community
witnessing the enhanced crop yields,
regaining soil health and sustainable
global food production. A dose of 4-5 ml
of liquid inoculum having a population
of 3x109 cells per ml (which is not
possible to achieve in carrier based
inoculant) is enough to coat one kg seed
and could satisfactorily retain the
maximum number of viable cells on the
seeds up to 24 hrs of bacterization at
room temperature.
Biofertilizer enriched Compost
Normal farm compost could be
converted into a superior bio-enriched
compost by amending with 1% P as
Rock
Phosphate
together
with
inoculating
Azospirillum/Azotobacter
and PSB liquid culture @ 1% (v/w) each
(108-109 cfu /ml) and subsequently
curing about a month at 25% moisture
level. The C:N ratio of final product
stabilized at around 10.0-12.3:1, with
increase of Azospirillum/Azotobacter
and PSB population by 300- 400 times
and 6 times, respectively.
Future
generation
biofertilizers
(Promising New Technologies)
Mixed biofertilizers
Mixed
biofertilizers
(BIOMIX)
containing a consortium of N fixers, P
solubilisers and PGPR found to promote
the growth of cereals, legumes and
oilseeds better and save 25% NP
fertilizers in crops. Response is better
and there is 50% nutrient substitution
in crops like rice and legumes depending
upon soil type and yield level. The
response of biofertilizers is better when
used along with 75% chemical fertilizers
and is seen even when full dose of
chemical fertilizers are applied. There is
clear improvement in nutrient use
efficiency and quality of produce when
biofertilizers are applied.
Polymer-Based Carriers
The increased interest in the
application of bacterial preparations has
promoted studies aiming at improving
their stability and increasing their shelf
life. Among the new materials utilized as
carriers, organic polymers have been
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evaluated. These are compounds (e.g.,
polysaccharides) that in the presence of
ions or by changing chemical conditions
(e.g., a change in pH of the medium)
form cross-links that create a complex
structure. The polymers encapsulate, or
“immobilize”, the microorganisms in the
matrix and release them gradually
through a degradation process. Polymer
formulations offer a long shelf life even
at ambient temperature since they
provide
protection
against
environmental stresses and a consistent
batch quality due to standardized
production. Nevertheless, storage at cool
temperature (4°C) allows maintaining a
longer viability of encapsulated cells.
These inoculants can be added or mixed
with nutrients to improve the survival of
the bacteria upon inoculation.
Alginate, a natural polymer of Dmannuronic acid and L-glucuronic acid,
is the most commonly used substance
for microbial cell encapsulation. It is
derived mainly from brown macroalgae
such as Macrocystis pyrifera (kelp), but
recently
also
another
macroalga
(Sargassum sinicola) has been shown to
produce alginate of similar physical
characteristics. The reaction between
alginate and a multivalent cation (e.g.,
Ca2+) forms a gel consisting of a dense
three-dimensional lattice with a typical
pore-size range of 0.005 to 0.2 mm in
diameter; when the alginate solution is
dropped into the cation solution beads
are formed. Alginate beads generally
have a diameter of 2-3 mm, but
microbeads with a size of 50 to 200 μm
that can entrap up to 108 to 109 CFU g−1
have also been proposed.
Inclusion of bacteria in alginate
beads has been utilized for different
species, either spore forming and non
sporulating. Different AMF structures
have also been entrapped into alginate
matrixes or in beads formed with
different
polymers.
Spores
of
mycorrhizal fungi were entrapped in
alginate film formed in a PVC-coated
fibreglass screen, and roots of leek
seedlings inoculated with this alginate
film containing G. mosseae spores were
heavily colonized after few weeks of
growth
in
greenhouse
conditions.
Similar results were obtained with
spores
obtained
from
monoxenic

cultures embedded into beads. Inclusion
of filamentous fungi such as Aspergillus
and Actinomycetes has been also proved
possible.
Alginate beads can maintain a
sufficient amount of live cells to assure
inoculation up to several months.
However, improving the viability of
inocula is still an issue. To tackle it,
several approaches have been tested.
Adding nutrients (e.g., skimmed milk) to
the inoculum or freeze-drying gel beads
in presence of glycerol resulted in a
prolongation
of
beads
shelf
life.
Intraradical structures of G. intraradices
embedded in alginate beads were still
infective after up to 62 months after
storage in plastic vials at 4°C. However,
it shall be considered that freeze-drying
of alginate beads can result in some
collapse of the matrix. Therefore, the
addition of fillers (material added to the
moulding mixture to reduce cost and/or
improve mechanical properties) should
be considered when planning this
technological process. Adding chitin to
the beads helped preserve their porous
cellular
structure
resulting
in
significantly higher porosity values when
compared to starch filled beads and
resulted in higher bacterial efficacy
when evaluating their effect on plants.
Addition of 0.5% kaolin to freeze-dried
alginate-glycerol
beads
significantly
increased bacterial survival also under
UV light radiation.
Reducing the cost of the
production process and enhancing the
physical characteristics of the beads
were also obtained by encapsulation and
air-drying of bacteria into a mixture
made of alginate (3%), standard starch
(44.6%), and modified starch (2.4%).
This process allowed to obtain beads
that after drying have a water content of
7%, size of 4 mm, and a mechanical
resistance of about 105 Newton (features
similar to that of grain seeds). Storage at
room temperature or at 4°C did not
affect the viability of the encapsulated
bacteria, which were able to survive up
to six months maintaining a final
population size of about 108 CFU g−1
(corresponding
to
about
105 CFU
−1
bead ). However, with this composition,
some
problems
can
arise
when
standardizing and automating the beads
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formation due to the viscosity of the
mixture and the need of a continuous
agitation of the stock medium. Recently,
a process using starch industry
wastewater as a carbon source for the
production of Sinorhizobium meliloti with
simultaneous formulation using alginate
and soy oil as emulsifier has been
proposed, showing a cell viability of
more than 109 CFU mL−1 after 9 weeks
of storage. Addition of synthetic zeolite
to the alginate mixture did not improve
the survival of the embedded microbial
cells, nor the physical structure of the
beads.
Water-in-oil emulsions appear to be a
good, yet underutilized, method for
storing and delivering microorganisms
through liquid formulations. The oil
traps the water around the organism

and, therefore, slows down water
evaporation once applied. This is
particularly beneficial for organisms that
are sensitive to desiccation or in case of
the use for horticultural crops where
irrigation systems are in place. Water-inoil emulsions allow the addition of
substances to the oil and/or aqueous
phases which could improve both cell
viability and release kinetics. However,
cell sedimentation during storage is a
major issue to be considered. Studies
are carried out aiming at solving this
problem with the help of nanomaterials.
Thickening
the
oil
phase
using
hydrophobic
silica
nanoparticles
significantly reduced cell sedimentation
and improved cell viability during
storage.
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Soil Health and Food Security : Facts and Reality
Sunil Bhaskar Rao Nahatkar
Principal Scientist (Ag.Econ)
Directorate of Research Services
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.), India
The world’s agricultural system faces a
great balancing act. To meet different
human needs, by 2050 it must
simultaneously produce far more food
for a population expected to reach about
9.6 billion, 34 percent higher than
today; provide economic opportunities
for the hundreds of millions of rural
poor who depend on agriculture for their
livelihoods, and reduce environmental
impacts,
including
ecosystem
degradation and high greenhouse gas
emissions. Population and income are
the major factors in determining food
consumption; world food demand is
growing at a rate of 2% per year, 1.8% of
this because of population increase and
0.2% because of rising incomes. Current
population of the world is around 7.24
billion (2nd June 2014), and grows by
nearly
80
million
per
year
(approximately
the
population
of
Germany).
The world population is
expected to rise throughout the 21st
century, although this growth is
projected to decelerate markedly in 2050
to 2100.
Human population growth is perhaps
the most significant cause of the
complex problems the world faces;
climate change, poverty, food and
nutritional insecurity and resource
scarcity and degradation complete the
list (Foresight, 2009b). The perceived
limits to producing food for a growing
global population have been a source of
debate and preoccupations for ages.
Already in the third century AD,
Tertullian, a church leader, raised the
issue. The debate gathered momentum
in the late eighteenth century, following
Malthus (Malthus, 1798), and more
recently with Paul Ehrlich’s Population
Bomb (Ehrlich, 1968). Yet, world food
production grew faster than population
and per capita consumption increased.
Thus, in principle, there is sufficient
global aggregate food consumption for
nearly everyone to be well-fed. Yet this

has not happened: some 2.3 billion
people live in countries with under
2,500 kcal, and some 0.5 billion in
countries with less than 2,000 kcal,
while at the other extreme some 1.9
billion are in countries consuming more
than 3,000 kcal. The reasons are fairly
well known: mainly poverty, which has
many facets, but many low-income
countries linked to failures to develop
agriculture and limited access to food
produced in other countries. 20% of the
global
population consumes 70% of its material
resources and possesses 80% of the
wealth. The majority of this 20%
centered in Canada, USA, Saudi Arabia,
Australia, and Japan.
Future global food demand
The
Food
and
Agriculture
Organization (FAO) projects that by the
year 2050 population and economic
growth will result in a doubling of
demand for food globally.
To sustain
this level of growth, food production will
need to rise by 70 percent. Food
production depends on croplands and
water supply, which are under strain as
human populations increase. Pressure
on limited land resources, driven in part
by population growth, can mean
expansion of cropland. This often
involves destruction of vital forest
resources or overexploitation of arable
land. Despite lower food demand growth
rates, the absolute quantities of food
necessary to feed the world in 2050 are
substantial. Assuming no change in
population growth, food consumption
patterns and food waste management,
the following production increases must
take place by 2050:
 cereals production must increase by
0.90 billion tones(2.10 billion tons
today) to reach 3 billion tonnes;
 meat production must increase by
200 million tonnes to reach 470
million tonnes;
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and oil crops must increase by 133
million tonnes to reach 282 million
tones
The present and expected growth
rates in world food production and
population is given in Table 1.
Table 1: Exponential growth rates in
the food production in the world
(%)
Particulars 1970- 1990- 20091990 2007
2017
Area
0.15
0.14
0.39
Production
2.20
1.30
1.20
Yields
2.0
1.10
0.8
Population
1.70
1.40
1.10
Per capita
0.56
0.11
0.02
food
availability

Source: USDA Agricultural Projections to 2017.

Global economic growth has been
strong since the late 1990s. For
developing countries, growth has been
quite strong since the early 1990s.
Growth in Asia has been exceptionally
strong for more than a decade.
Unusually rapid economic growth in
China and India, with nearly 40 percent
of the world’s population, has provided a
powerful and sustained stimulus to the
demand for agricultural products. The
world’s population growth rate has been
trending down since before the 1970s.
This declining trend applies to nearly all
countries and regions of the world.
However, the number of people on earth
is still rising by about 75 million (1.1
percent) per year. This rising population
adds to the global demand for
agricultural products and energy. The
impact on demand is amplified because
the most rapid population growth rates
tend to be in developing countries. Many
of these have rapidly rising incomes,
again
particularly
important
for
agricultural demand due to dietdiversification.
World agriculture (aggregate value of
production, all food and non-food crop
and livestock commodities) has been
growing at rates of 2.1-2.3 percent p.a.
in the last four decades, with much of
the growth originating in the developing
countries (3.4-3.8 percent p.a.). The
high growth rates of the latter reflected,
among other things, developments in
some large countries - foremost among
them China. Without China, the rest of

the developing countries grew at 2.8-3.0
percent p.a. They also reflected the
rising share of high value commodities
like livestock products in the total value
of production: in terms of quantities
(whether measured in tonnage or calorie
content), the growth rates have been
lower. Urbanization will continue at an
accelerated pace, and about 70 percent
of the world’s population will be urban
(compared to 49 percent today). Income
levels will be many multiples of what
they are now. In developing countries,
80 percent of the necessary production
increases would come from increases in
yields and cropping intensity and only
20 percent from expansion of arable
land. But the fact is that globally the
rate of growth in yields of the major
cereal crops has been steadily declining,
it dropped from 3.2 percent per year in
1960 to 1.5 percent in 2000. The
challenge for technology is to reverse
this decline, since a continuous linear
increase in yields at a global level
following the pattern established over
the past five decades will not be
sufficient to meet food needs.
Growth of world agriculture under
zero population growth
Zero population growth at the global
level will be the net result of continuing
increases in some countries (e.g. by
some 31 million annually in 2050 in
Africa and South and Western Asia
together) compensated by declines in
others (e.g. by some 10 million annually
in China, Japan and Europe together).
In brief, zero population growth at the
global level will not automatically
translate into zero growth in demand
and cessation of the building-up of
pressures on resources and the wider
environment. The need for production to
keep growing in several countries will
continue to condition their prospects for
improved nutrition. In those among
them that have limited agricultural
potential, the problem of production
constrained
food
insecurity
and
significant
incidence
of
undernourishment may persist, even in
a world with stationary population and
plentiful food supplies (or potential to
increase production) at the global level.
Nothing new here: this situation prevails
at present and it will not go away simply
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because population stops growing at the
global level. Projections to 2050 provide
a basis for thinking about this possible
outcome. We project increases to some 3
billion tones by 2050 and this would
afford some increase in world per capita
availability to around 340 kg (for all food
and non-food uses), some 10 percent
over present levels.
Indian Scenario
India’s population is expected to be
1.4 billion by the year 2025. Agriculture
is the mainstay of the Indian economy.
Two thirds of the Indian population
depends on it. To feed the growing
population in India 300 million tonnes of
food grains will be required by 2025.
Presently; India is expected to produce
around 264.38 million tons of food
grains including 106.29 million tons of
rice and 95.85 million tons of wheat for
2013-14. India need to raise its food
grains targets at a rate of more than 3.6
million tonnes per annum. It would
require about 130 MT of rice while
requirement of wheat would reach 110
MT in 2020.
Demand-supply situation projection
growth rates for major food products for
year 2026 based on base year for
demand 1999-2000 and for supply
2003-04 is given in Table 2.
Table 2: Demand –Supply Situation
for 2026 based on per cent annual
Rate of growth of projected estimates
(%)
Food items
Demand
Supply
Rice
1.53
1.01
Wheat
1.42
1.34
Total cereals
3.17
1.45
Pulses
6.51
0.91
Edible oil
5.95
2.13
Sugar
8.22
0.41
Source: Mittal (2008).
Scope for increase in area under
cultivation is negligible. Agriculture
production can only be achieved
through efficient use of resources and by
improving soil fertility. To meet the food
requirement of the growing population
in India, the country needs to boost the
food grain production by 1.34%
annually.

Challenges facing India
 Depleting soil organic matter
 Imbalance in fertiliser use
 Emerging multi-nutrient
deficiencies particularly of secondary
and micronutrients
 Declining nutrient use efficiency
 Declining crop response ratio
The information on crop response ratio
to plant nutrient consumption during
different five years plan is given in Table
3.
Table 3: Declining Crop response ratio in
India
Period
5th Plan (1974-79)
8th Plan (1992-97)
9th Plan (1997-02)
10th Plan (2002-07)
11th Plan (2007-12)

Response ratio
(Kg grains per kg NPK)
15.0
7.5
7.0
6.5
6.0




Negative soil nutrient balance.
Stagnation / slow growth in food
grain productivity.
The data on production of major food
products over different decades along
with growth rates are given in Table-4.
Table 4: Trend in production of food
grains and oilseeds
Items

Rice
Wheat
Cereals
Pulses
Food
grains
Oilseeds
Sugarcane
Items
Rice
Wheat
Cereals
Pulses
Food
grains
Oilseeds
Sugarcane

Production (million tons)
TE
TE
TE
TE
1980-81 1990-91 2000-01 2010-11
49.90
72.80
86.90
94.50
34.60
53.00
72.40
82.50
113.30 158.80 190.30 215.60
10.50
13.70
13.10
15.80
123.80 172.50 203.40 231.40
9.40
17.90
21.30
27.90
144.90 223.20 294.70 305.50
Decadal rate of growth (%)
1980-90 1990-2000 2000-2011
3.70
1.80
1.30
4.10
3.40
1.40
3.10
2.0
1.60
2.20
0.30
2.10
5.30
2.30
3.70
5.50
3.3

2.40
2.8

4.30
1.10

Source: Various issues of Agricultural
Statistics at a Glance, DES, GOI

Reasons
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Inadequate and imbalanced fertiliser
use
Increasing multi-nutrient deficiency
Lack of farmers awareness about
balanced plant nutrition
Lack of varietal breakthrough
Poor crop management (excess
fertiliser dose not be the substitute
of poor management)

Population Growth and Soil Health
Soil has always been important
to humans and their health, providing a
resource that can be used for shelter
and food production. The link between a
rising world population and the ability of
the soil to support an increasing food
supply has been of concern since
Thomas Malthus wrote his first famous
essay in 1798. At times, the overexploitation of soils attributable to a
desire to increase food production led to
its serious degradation, failure to
produce sufficient food for people and
the collapse of societies (Hyams, 1976).
For example, speculation on the decline
of the Mesopotamian civilisations has
been attributed in part to soil
degradation brought about by erosion
and salinisation. The collapse of the
Maya Empire in approximately A.D. 600
may have been due to soil nutrient
exhaustion,
erosion
and
resulting
malnutrition (Olson, 1981). Human
population growth and the maintenance
of an adequate food supply are certainly
ancient problems but with a global
population, that may increase to a
predicted 10 billion before it stabilises,
the challenge for a solution continues.
All agricultural soils have been altered
from their natural state by human
interventions which are aimed at
maximizing production functions and
which, to some degree, always result in
a loss of other ecosystem functions. The
soil food web may also be substantially
changed.
Franklin Roosevelt’s (Roosevelt 1937)
statement, “The nation that destroys its
soil destroys itself,” is as true today as it
was 76 years ago. The main driver for
soil health deterioration was the
quadrupling of world population over the
past 100 years, which demanded a
fundamental change in soil and crop
management in order to produce more

food. Over the past 40 years, mineral
fertilizers accounted for an estimated 40
percent of the increase in food
production
(Jenkinson,
2010).
Conventionally,
the
practice
of
agriculture may be seen as providing
only a single service, namely food
production. Primary and secondary
production
depends
on soil-based
ecosystem functions such as nutrient
cycling, maintenance of soil structure
and biotic population regulation. Society
may also require that other services,
such as the supply of good quality
water, protection of human health and
reduction of greenhouse gas emissions,
be maintained at acceptable levels. A
major target of sustainable agriculture
must be to ensure that the full range of
ecosystem services is conserved for
future generations: agricultural soils
must thus retain a multifunctional
capacity. We use soil health as a term to
describe the capacity of soil to deliver a
range of different ecosystem functions
and services. Despite the great variety of
biophysical
and
socio-economic
circumstances
that
need
to
be
accommodated, a working hypothesis for
sustainable
agriculture
may
be
advanced that ‘agriculture can be
productively and profitably practiced
without impairment of soil health. Soil
health has been defined as: “the
capacity of soil to function as a living
system. Soil health is presented as an
integrative property that reflects the
capacity
of
soil
to
respond
to
agricultural intervention, so that it
continues
to
support
both
the
agricultural
production
and
the
provision of other ecosystem services.
Managing soil health a formidable
challenge
to
ensure
productivity,
profitability and national food security.
The FAO defines food security as when
all people, at all times, have access to
sufficient, safe and nutritious food to
meet their dietary needs and food
preferences for an active and healthy life
(WFS, 1996). The United Nations
Millennium Development Task Force on
hunger made Soil Health Enhancement
as one of the five recommendations for
increasing agricultural productivity and
fight hunger in India and therefore soil
health is directly related to ensuring
food and nutritional security in the
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country.
Soil health matters because
 Healthy soils are high-performing,
productive soils.
 Healthy soils reduce production
costs—and improve profits.
 Healthy soils protect natural
resources on and off the farm.
 Healthy soils can reduce nutrient
loading and sediment runoff,
increase efficiencies, and sustain
wildlife habitat.
What are the benefits of healthy soil?
 Healthy soil holds more water (by
binding it to organic matter), and
loses less water to runoff and
evaporation.
 Organic matter builds as tillage
declines and plants and residue
cover the soil.
 One percent of organic matter in the
top six inches of soil would hold
approximately 27,000 gallons of
water per acre!
 Most farmers can increase their soil
organic matter in three to 10 years if
they are motivated about adopting
conservation practices to achieve
this goal.
Follow four basic soil health
principles to improve soil health and
sustainability:
 Use plant diversity to increase
diversity in the soil.
 Manage soils more by disturbing
them less.
 Keep plants growing throughout the
year to feed the soil.
 Keep the soil covered as much as
possible.
When soils are in good condition,
they have the potential to provide society
with a range of ‘ecosystem services’;
resources or processes provided by the
natural
environment,
that
benefit
people. The Ecosystem Services provided
by soils are:
 Supporting services, e.g. nutrient
cycling, water release / retention, soil
formation, habitat for biodiversity (of
microbes and soil animals), exchange
of
greenhouse
gases
with
the
atmosphere, degradation of complex
materials.
 Regulating
services,
e.g.
the
regulation of flooding, the retention of
pathogens,
contaminants
and

agrochemicals and the storage of
carbon and other greenhouse gases.
 Provisioning services, e.g. providing
a basis for food and fibre production
and for recharging water supplies.
 Cultural services, e.g. soils support
habitats, recreational pursuits and
protect archaeological remains.
The ecosystem services provided by
soil are driven by soil biological
processes, but our concept of soil health
embraces not only the soil biota and the
myriad of biotic interactions that occur,
but also the soil as a habitat (Young &
Ritz, 2005). The major challenge within
sustainable soil management is to
conserve ecosystem service delivery
while optimizing agricultural yields.
Healthy soils maintain a diverse
community of soil organisms that help
to control plant disease, insect and weed
pests,
form
beneficial
symbiotic
associations with plant roots, recycle
essential plant nutrients, improve soil
structure with positive repercussions for
soil water and nutrient holding capacity,
and ultimately improve crop production
(FAO, 2008). If the organic matter is
increased or maintained at a satisfactory
level for productive crop growth, it can
be reasonably assumed that a soil is
healthy. Healthy soil is resilient to
outbreaks of soil-borne pests. For
example, the parasitic weed, Striga, is
far less of a problem in healthy soils
(Weber, 1996). Even the damage caused
by pests not found in the soil, such as
maize stem borers, is reduced in fertile
soils (Chabi et.al, 2006). To achieve the
higher productivity needed to meet
current and future food demand, it is
imperative to ensure nutrient availability
in soils and to apply a balanced amount
of nutrients from organic sources and
from mineral fertilizers, if required.
Monitoring of soil health is a very
challenging task, efforts are under way
to implement it at global (Sachs, 2010)),
regional and national scales (Steiner et.
al, 2000). FAO and its partners have
developed a list of methods and tools for
undertaking
assessments
and
monitoring tasks (FAO, 2010). Soil
health is related to functional capacity
rather than actual service outputs. As
argued above, an effective approach
appears to be using a set of diagnostic
tests for soil system performance,
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chosen to be indicative of habitat
condition, i.e. physical (e.g. bulk density)
and chemical (e.g. pH, salinity), of
energetic reservoirs (e.g. soil organic
matter content) and key organisms and
community structure (e.g. earthworms
and phenotypic profiling).
Under the climate change scenario
the importance of soil health is
increasing because:
 Most adaptation options build on
existing practices and sustainable
agriculture,
rather
than
new
technologies (Jarvis et al. 2011).
 Many adaptation options—such as
agro-forestry— are also beneficial for
mitigation, though the exact balance
of benefits depends very much on
local conditions (Jarvis et al. 2011).
 Changes
to
water
and
soil
management will be central to
adaptation for most farming systems.
Pest and disease management will
also be critical (Vermeulen et al.
2012).
 The selection or development of new
crop varieties is an important
adaptation response, and entails
seeking out or breeding for specific
traits depending on the local changes
in climatic conditions (e.g. tolerance
to heat, water stress, salinity or water
logging) (Thornton et al. 2012).
 Breeding—such as breeding beans for
drought tolerance—may be a limited
adaptation option when climate
change is associated with multiple,
interacting environmental stresses
(drought, heat, and low soil fertility)
(Beebe et al. 2008).
 Breeding for future climates requires
access to sufficient genetic variability
in farmers’ fields, the wild, and
genebanks. About 90% of all genetic
traits for rice, wheat, and maize are
available in genebanks across the
world, but only a much smaller
percentage is accessible for many
non-staple crops that supply vital
micronutrients (Lobell 2009).
 More work has been done to develop
drought-tolerant crops than heattolerant crops, even though many
crops, including the major cereals,
show major reductions in yields when
exposed to high temperatures within
the range of current and near-term
climate change (Lobell 2009).

 Supplemental irrigation could help to
mitigate the negative impacts of water
scarcity, the most growth-limiting fact
for wheat. It would allow for earlier
planting and thus avoidance of
(terminal) heat stress during the grain
filling
period.
However,
more
irrigation water would be required in
the future—on average 181 mm per
season from 2080 to 2099 compared
with only 134 mm historically—to
satisfy basic crop water requirements
(Thornton et al. 2012).
 Adapting to long-term climate trends
may need different adaptation actions
than adapting to increasing climate
variability. In general, long-term
climate change requires advance
preparation
such
as
long-term
forecasting, anticipatory policies, and
breeding
for
future
climates.
Increasing climate variability requires
risk management tools such as
improved seasonal climate forecasting
and crop insurance (Vermeulen et al.
2012).
 About 336 million tonnes of crop
residues
are produced per year
which can supply
about 5.1 million
tonnes of K in addition to organic
matter
Operations Management Theory of
Soil health
Using concepts taken from
Operations Management Theory (Slack,
1997), a healthy soil could thus be
described as one that presents a
satisfactory system performance. A set
of system performance curves can be
imagined describing the relationship
between potential rates of outputs from
a soil system to rates of inputs
(Kibblewhite, 2005). Such curves define
the current capacity of a soil to support
required ecosystem services, including
agricultural production and correspond
to the familiar form of response curves.
The ‘working range’ of the soil system is
that over which there is no degradation
of system performance in terms of inputto-output conversion efficiency with
increasing outputs.
Increased
food
production
with
healthy soils
The increased production on
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sustainable manner for keeping the soil
health intact, there is a need for
enhancement of total factor productivity
(TFP) by identifying the constraints of
yield gap. Total Factor Productivity (TFP)
is defined as the amount of output per
unit of total factors (production inputs)
used to produce the output. In other
words it is the efficiency with which the
factor inputs are converted to output
within the production process. Five
factors or inputs were used in the USDA
analysis – land (acres), labor (hours),
tractors (number), head of livestock
(number) and amount of inorganic
fertilizer applied. The analysis showed
that global agricultural output grew by
about 2.2 percent per year from 1961 to
2007. During this period, almost half of
the growth in output was due to
increased use of production inputs and
the reminder was due to increased
productivity.
In
other
words,
a
substantial amount of the growth in
agricultural output was due to the
increase in the efficiency of production
inputs in producing agricultural outputs
and efficiency of input to translate in
output
depends
upon
soil
health. Essentially, productivity means
developing
new
technologies
that
increase agricultural output per unit of
agricultural input, or decrease the
amount of agricultural inputs needed to
produce a unit of agricultural output.
Partial Factor Productivity is the ratio of
output to a single input while total
factor productivity is a ratio of an index
of aggregate output to aggregate input.
Factor productivity and sustainability of
production system can be explained
under different conditions in terms of
factor productivity.
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%.

Bridging yield gap
Yield gaps occur where yields are
not at the level they could be with full
utilization
of
currently
available
agricultural
production
technology.
Yield gaps are a result of not fully
utilizing
existing
technology,
thus
differing from yield plateaus where the
yield of a crop may have reached its
biophysical limit. Therefore there is a
need to identify the major constraints of
yield gap before making blanket
recommendations which may harm the
soil health in the long run. This
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 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 off-farm inputs
• 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
Concluding remarks
Soil health, population growth
and food production are interlinked to
food and nutritional security. Because
high growth in population results in
high demand for food which ultimately
resulted in high pressure on limited land
available for cultivation. Thus, in the
long run this affects soil health.
Therefore, there is a need to produce the
food on sustainable manner as per
demand of increasing population and
other factors which affects food demand.
The best sustainability indicator of soil
health is to absorb maximum adverse
effects of biotic and abiotic stresses

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

17

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

under changing climate situation.
Therefore, maintenance of soil health for
supply of required food for future food
and nutritional security is an issue
comes under the ambit of socioeconomic, demography and political
sciences.
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MODELING SOIL EROSION
M.K.Hardaha
Joint Director Extension,
Directorate of Extension Services, JNKVV, Jabalpur
Soil
erosion
is
defined
as
the
detachment,
transportation
and
deposition of soil particles from one
place to another by the action of wind,
water or gravity forces. Although, the
term erosion was in use in the 19th
century, the term soil erosion was
introduced at the beginning of 20th
century, and did not come into general
use until 1930s. The word erosion is of
Latin origin being derived from the word
erodere-to eat away (rodere-to chew).
The term erosion was first used in
geology to describe the forming of
hollows by water, the wearing away of
solid material by action of river water;
while surface wash and precipitation
erosion was called “ablation” (abatio-to
carry away). In addition to erosion and
ablation, a number of other terms
“corrasion” (corradere-to chew to gether),
“corrosion” (corodere-to chew to pieces),
“abrasion” (abrodere-to scrape off) and
“denundation” (denundere- to strip) were
also used. Soil erosion can be classified
on the basis of rate, agent causing
erosion and process of erosion. Table.1
presents the classification of soil erosion
based on agents causing erosion.
Table 1. Classification of erosion by the
active factors.
S.N

Factor

1

Water

1.1

Precipitati
on, Rain

1.2

River

1.3

Torrent

1.4

Lake

1.5

Reservoir

1.6

Sea

2

Glacier

Term
Internatio
nal
Water
Aquatic
erosion
erosion
Precipitation Pluvial
erosion,
erosion
Rain erosion
River
Fluvial
erosion
erosion
Torrent
Torrential
erosion
erosion
Lake erosion Limnic
erosion
Reservoir
Lacustrine
erosion
erosion
Sea erosion
Marine
erosion
Glacier
Galcial
erosion
erosion
English

3

Snow

4

Wind

5

Organisms

5.1

Plants

5.2

Animals

5.3

Man

Snow
erosion
Wind
erosion
Biological
erosion
Erosion
caused
plants
Erosion
caused
animals
Erosion
caused
man

Source: Zachar D.C. (1982).

by

Nival
erosion
Aeolian
erosion
Organoge
nic
erosion
Phytogeni
c erosion

by

Zoogenic
erosion

by

Anthropog
enic
erosion

Our discussion in this section is
confined to water erosion and here
after erosion shall be understood as
water erosion unless specified.
Factors effecting erosion
Erosion is resulted due to dispersive and
transporting power of the water, as in
case of splash erosion, first the soil
particles are detached from the soil
surface by the action of raindrop and
then transported with surface runoff.
There is a direct relationship between
the soil loss and runoff volume. The
major factors, which affect the amount
of, soil erosion in large extent, can be
summarized as:
Climatic factors: The climatic factors
which affect the soil erosion are rainfall
characteristics,
atmospheric
temperature and wind velocity. Rainfall
characteristic is the one of the most
effective factor among them. Rainfall
characteristic
includes
amount,
intensity, frequency and duration of
rainfall. High rainfall intensity of rainfall
has bigger raindrop size, which has
higher kinetic energy and more erosive
power. Rainfall characteristics, which
produce more runoff amount and rate
cause more erosion. Frequent rain
maintains the soil moisture in a
desirable
range,
which
reduces
infiltration capacity of soil and thus
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produces more runoff. A uniform
distribution of rainfall throughout the
year always reduces the total erosion by
maintaining the soil moisture within the
optimum range for good vegetation over
the land surface.
Soil factors: Soil erosion has direct
relation with runoff. All soil properties
responsible for higher infiltration rate
like, low bulk density, high porosity,
large particle size, low moisture content,
grainular structure etc. cause low runoff
and soil erosion. High cohesive force
between soil particle results into lower
detachability of particles as in case of
clayey soil. On the other hand large
particle size reduces transportation of
the detached particles.
Topographic factors: The land slope
and length of the slope are the two
topographic factors, which strongly
influence the soil erosion. As the length
of the land in the direction of slope
increases, detachment of soil particles
goes on increasing. When the slope of
the land is doubled, the particle size
that can be transported increases
sixteen times.
Vegetation: Vegetation plays important
role in reducing soil erosion. In presence
of good vegetation soil erosion can be
reduced significantly. The vegetation
helps in reducing soil erosion in
following ways
 Kinetic energy of falling raindrops is
absorbed by the leaves and stems of
the vegetation, which reduces the
detachment of soil particles.
 Some of the rainfall is intercepted by
leaves and stems and reduces
runoff.
 Vegetation physically obstruct the
velocity of flowing runoff
 Roots of the vegetation binds soil
particles
 In presence of good vegetation,
evapotranspiration rate is faster,
thus soil moisture reduces and
infiltration increases.
 Decayed roots increase porosity of
soil.
 Growth of certain soil fauna like
earthworm is accelerated in presence
of vegetation.
These soil faunas
pulverize soil and increase porosity.

Soil Erosion Process Models:
Several models have been developed to
estimate soil loss from watershed as a
result of soil erosion process, outflow of
sediments carried by runoff to streams.
Evaluation of soil loss from watershed is
required while assessing the severity of
soil erosion and its effect on agricultural
production. Soil loss can be estimated
as a function of parameters of watershed
and rainfall. Some of the commonly
used soil loss models are discussed
here.
1. Universal Soil Loss Equation
There have been sincere attempts to
develop soil loss estimation models,
beginning from the sixties of 20th
century. The most effective model on the
soil loss was presented by Wischmeier
and Smith (1965) and improved by
Wischmeier and Smith (1978). The
model is popularly known as Universal
Soil Loss Equation (USLE). This also
opened a new chapter for research in
this field and formed the basic structure
of most of the soil loss models after this
period. Ghanshyam Das (2000) states
that USLE appears to have been based
on the Musgrave (1947) equation with
necessary modifications. The USLE can
be written as:
A=RKLSCP
Where : A = estimated gross soil erosion,
t/ha/yr
R = rainfall erosivity factor, joule/ha/yr
or t-m-cm/ha-s
K = soil erodibilty factor, t/ha/unit of R
S = slope factor
L = slope length factor
C= crop management or vegetative cover
factor
P = supporting conservation practice
factor
Rainfall erosivity factor (R): is the
measure of erosive capability of rainfall.
It is the function of rainfall intensity and
amount of rainfall. Many indices have
been developed for the R. EI30 index is
most commonly used to represent the
rainfall erosivity.
n
EI30 =  Ei.I30i/100
i=1
Where Ei = total kinetic energy of
ith rain storm
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I30i = maximum intensity of ith rain
storm for 30 min duration
n
= number of rain storm having
rainfall more than 2.5 mm
E =  KE . P
Where KE = kinetic energy of segment
of rain having uniform intensity
P
= amount of segment of rain having
uniform intensity
KE = 201.3 + 89 log I
Where I = rainfall intensity, cm/h
Calculation of EI30 index requires
rainfall data recorded from automatic
recording
raingauge.
A
simplified
equation has been developed by
Hardaha et al. (1996) for the Malwa
region of Madhya Pradesh. The equation
uses total erosive rainfall (ER) i.e.
storms having rainfall more than 12.5
mm and expressed as:
EI30 = 9.524 ER + 5.60
Rambabu et al. (1978) prepared
an iso-erodent map of India from which
the approximate erosion value can be
obtained directly.
Soil erodibility factor: The soil erodibility
factor (K), converts units of R to amount
of erosion. It is the average soil loss from
a standard plot with 9 % slope, 22.1 m
long kept fallow by periodic tillage upand-down the slope per unit value of R.
Value of K can be determined
experimentally for any soil on standard
plot. The value of K is estimated based
on soil characteristics as given by Foster
et al.(1981)
K = 2.8x10-7 M1.14 (12-a) +
4.3x10-3 (b-2) + 3.3x10-3 (c-3)
Where, K = Soil erodibility, Mg/ha/(MJmm/ha-hr)
M = Particle size parameter, (%silt +
%very fine sand)(100-%clay)
a = Organic matter content, %
b = soil structure code(very fine
granular-1; medium or coarse granular3; blocky, platy or massive-4)
c = profile permeability class (rapid-1;
moderate rapid-2; moderate -3; slow to
moderate-4; slow-5; very slow-6)
Table 2 can be used when
organic matter content and textural
class of the soil is known.

Table2. Values for soil erodibilty
factor for different types of soil
Soil type
K based on percent
organic matter in soil
0.5 % 2.0%
4.0%
Fine sand
0.36
0.31
0.22
Very
fine 0.94
0.81
0.63
sand
Loamy sand
0.27
0.22
0.18
Loamy very 0.98
0.85
0.67
fine sand
Sandy loam
0.60
0.54
0.42
Very
fine 1.05
0.92
0.74
sandy loam
Silt loam
1.07
0.94
0.74
Clay loam
0.63
0.56
0.47
Silty
clay 0.83
0.72
0.58
loam
Silt clay
0.56
0.51
0.43
Slope length factor (L): Length of
the slope on which the overland flow
occurs, effects the rate of soil erosion.
On large slope length, there is a higher
concentration of overland flow, and also
a higher velocity of flow, which triggers a
higher rate of soil erosion. Slope length
factor is defined as ratio of soil loss from
a given slope length to that from a land
having slope length equal to 22.1 m, if
all other conditions remain unchanged.
Mathematically it can be expressed as:
L = (Lp/22.1)m
Where Lp = Actual unbroken length of
slope (m).
M = an exponent equal to 0.5 for slope >
5%
0.4 for slope 4-5%
0.3 for slope < 3%
Slope gradient factor (S): Soil erosion is
greatly influenced by slope of the land.
On steep slope the flow velocity of runoff
is high resulting in increased scouring,
cutting and transportability of soil. Soil
gradient factor is defined as the ratio of
soil loss from a given degree of slope to
that from land having 9.0% slope, if all
other conditions remain unchanged.
Empirically it can be expressed as:
S = (0.43 + 0.30 s + 0.043 s2 )/6.613
Where, s = slope of the filed in
percentage
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kept permanent fallow. Vegetative cover
Crop management factor (C): Crop
acts many ways in reducing the soil
management factor or vegetative cover
erosion as discussed earlier. Table 3
factor is defined as the ratio of soil loss
presents value of factor C for some of
from a land with given crop rotation and
the vegetative covers.
cover to that from a land clean tilled and
Conservation practice factor (P): A bare
ploughed up and down the slope, if all
fallow land surface causes maximum
other conditions remain unchanged. Any
soil erosion, especially when it is
practice adopted to reduce runoff
amount and its velocity shall reduce the
cultivated along the slope. Conservation
practice factor is the ratio of soil loss
soil erosion. Table 4 presents value of P
from
a
land
having
specified
for Indian conditions.
conservation practice to the land
Table 3. Crop management factor for some crop/grass covers at few ICAR centers
in India.
Crop
Centres
Kota
Agra
Lucknow
Moong
0.39
0.45
Gram
0.54
Groundnut
0.41
0.42
Soybean
0.42
Guar
0.59
0.42
Guar + Arhar
0.35
Maize
0.50
Jowar
0.62
0.64
Jowar + Arhar
0.33
0.28
Jowar + Gram
0.32
Bajra
0.61
Til
0.51
0.39
Natural vegetation
0.14
Grass (Cynodon dactylon)
0.22
Grass (Dicnanthium annulatum)
0.01
0.13
Source: Gurmel Singh et al.(1981)
Table 4. Values of conservation practice factor for different types of conservation
practice.
Land slope %
Conservation practice factor
Contour cultivation

Contour strip
cropping

Bench terracing

<1

0.80

-

-

1-2

0.60

0.30

-

2-4

0.60

0.25

-

4-7

0.50

0.25

-

7-12

0.60

0.30

-

12-18

0.70

0.35-0.40

-

>18

0.80-0.90

0.40-0.45

0.28

2. Soil Loss Equation Model for South
Africa (SLEMSA)
SLEMSA was developed by Elwell (1978)
for the southern region of Africa and is a
modification over USLE. This model has
been designed to predict mean annual
soil loss, rising from sheet erosion on

area of arable land. Framework of
SLEMSA is presented in fig1. Bhargav
(1999) has modified the SLEMSA model
for Indian conditions for conservation
practices in use by incorporating
conservation practice factor (P). The
modified model is Z = K.C.X.P
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Fig.1. Framework of SLEMSA model. (Elwell, 1982)
overland flow. SEMMED uses (multi3. Soil Erosion Model for
temporal) Landsat TM images to account
Mediterranean Region( SEMMED)
for vegetation properties and it uses a
A soil erosion model SEMMED (Soil
digital terrain model in a GIS to account
Erosion
Model
for
Mediterranean
for topographical properties. Spectral
regions) was developed for the test site
vegetation indices allow a pixel-by-pixel
Ardèche, France (De Jong, 1997).
assessment of vegetation properties and
SEMMED comprises several modules,
the multi-temporal approach enables the
each of which describes a part of the
assessment of the change of vegetative
erosion process such as soil particle
cover in one growing period. Fig 2.
detachment, moisture storage in the top
shows flow chart of the model..
soil and transport of soil particles by

Fig.2. SEMMED Model.
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4. Modified Universal Soil Loss
Equation (MUSLE)
USLE has been modified by Williams
(1975) for predicting sediment yield by
replacing its rainfall erosivity factor with
runoff factor. The model can estimate
sediment yield on a per storm basis
against the average soil loss on annual
basis. The MUSLE is:
Y = 11.8 (Q qp)0.56 KLSCP
Where, Y = Sediment yield from an
individual storm
Q = storm runoff volume
qp = peak runoff rate
Estimation of sediment yield from very
large watershed is not very accurate due
to variations in climatic factors, soil
characterstics,
land
slope,
crop
management, erosion control practices
and watershed hydraulics within the
watershed area. Such watershed is
divided into subwatersheds of les than
25 sq. km and sediment yield can be
computed using routing model as:
n
RY = =  Yi.e-BTi (D50i)0.5
i=1
Where, RY = sediment yield from entire
watershed, t
Yi = sediment yield from ith subwatershed, t
B = Routing coefficient
Ti = travel time from sub-watershed i to
the watershed outlet, h

D50i = median particle diameter of the
sediment for sub-watershed i, mm
Das and Chouhan (1990) observed that
the value of B is equivalent to 1/K where
K is the storage coefficient.
5. Morgan, Morgan and Finney Model:
Morgan et al. (1984) developed a model
for estimating annual soil loss from field
size area on hill slopes. Inputs and flow
chart of the model is illustrated in fig.3.
For determination of annual rate of soil
loss, the model compares the prediction
of splash detachment and transport
capacity of the overland flow. The lower
of these two is considered as annual rate
of soil loss. Some of the limitations of
the model are:
 The model is more sensitive to
change in the annual rainfall and
soil parameters, when erosion is
transport limited and also sensitive
to changes in rainfall interception
and annual rainfall, when erosion is
detachment sensitive.
 It requires precise information on
rainfall
and
other
associated
parameters, for having accurate
prediction.
 This model can not be employed for
predicting the sediment yield from
the drainage basin.
 Like USLE, it is also not suitable for
predicting the soil loss, resulting
from an individual storm.

Fig.3. Morgan et al. model for soil erosion.
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6. WEPP Model:
Water Erosion Prediction Project (WEPP)
model
(Nearing
et
al.,1989)
has
capability of predicting spatial and
temporal distribution of net soil
loss/gain for the entire hill slope for any
period of time. It contains its own
process based hydrology, water balance,
plant growth, residue decomposition and
soil consolidation models as well as a
climatic generator and many other
components that broaden its range of
usefulness. The basic equation used for
estimation of erosion from land is
represented as:

dG
D f Di
dx

where, G = sediment concentration;
x = distance down slope,
Di = Inter-rill erosion,
Df = Rill erosion.
Di = Ki.Ie.ir.SDRrr.Fnozzle.(Rs/W);
Where, Ki = inter-rill erodibility,
Ie = effective rainfall intensity,
ir = inter-rill runoff rate,
SDRrr = sediment delivery ratio,
Fnozzle = adjustment factor to account for
sprinkler
irrigation
nizzle
impact
variation,
Rs = rill spacing, and
W = width of the rill.
Df = Dc (1-G/Tc) ;
Where, Dc = rill detachment capacity =
Kr (f-c),
Tc = transport capacity of flow in rill,
Kr = rill erodibilty of soil,
f = flow shear stress, and
c = critical shear stress.
Tiwari et al. (2000) compared the WEPP
predictions with the measured natural
runoff plot data and found that the
model efficiency is 0.71 % in terms of
annual soil loss with average magnitude
of error 2.01 kg m-2. It was concluded
that WEPP is comparable with USLE
and MUSLE.
7. Quasi Three-dimensional Runoff
model for soil erosion:
Victor Demidov (2001), used quasi
three-dimensional runoff model for soil
erosion modeling. The developed soil
erosion model allows to simulate the
temporal and spatial variations in
erosion by raindrop impact and overland
flow, sediment transport and deposition.

Structure of the Model:
Quasi Three Dimensional Model of
Rainfall Runoff Formation - A physically
based model of rainfall runoff formation
is based on using differential equations
which describe the processes of
overland,
groundwater,
subsurface,
channel flow as well as vertical moisture
transfer in soil. The catchment is
represented in the horizontal plane by
rectangular grid squares. The main
channel and the tributaries of different
orders
are
represented
by
the
boundaries of grid squares.
The model describes the following
processes:
1. Vertical moisture transport in the
unsaturated
zone
(the
onedimensional Richard's equation is
used; the calculations is carried out
for each grid square of hill slope);
2. Groundwater
flow
and
the
interaction
of
surface
and
groundwater on the hill slope and in
the
river
channel
(the
twodimensional Boussinesq equations
are used);
3. Overland flow (the two dimensional
kinematic
wave
equations
are
applied);
4. Unsteady flow in the river network
(the one-dimensional kinematic wave
equations are used).
The organization of the interaction
between components of the hydrological
modeling system allows taking feedback
into
account.
Coupling
of
the
calculations of the vertical moisture
transport with the overland and
groundwater flow is accomplished by
means of a special procedure.
Modeling Soil Erosion and Sediment
Transport in the River Basin
A soil erosion and sediment transport
model was developed as a separate block
of the hydrological modeling system. The
soil erosion model describes the
temporal and spatial variations of the
soil erosion and the sediment transport
in the river basins during flood events
(erosion by raindrop impact and
overland flow, sediment transportation
and deposition).
The erosion rate by raindrop impact, Dr
(kg m-2s-1), is expressed by the following
equation
Dr = Kr Ks i Fr R
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where Kr = soil erodibility factor for
erosion by raindrop impact,
Ks = fraction of bare soil,
i = ground surface slope,
R = rainfall intensity (cm/s),
 = an exponent, and
Fr = is the factor reflecting influence of
the water depth on erosion by raindrop
impact that is expressed as
Fr = exp (1-h D-1) if h > D
= 1
if h  D
Where h is the flow depth (m); D is the
median diameter of raindrops that is
determined from D = 0.0193 R 0.182
The erosion rate by overland flow
impact, De (kg m-2s-1) , is calculated as :
De = Ke(/c-1)
if  > c
= 0
if   c
Where Ke is the overland flow soil
erodibility coefficient;  is the shear
stress(kg m-2s-1) and c is the critical
shear stress, which is taken to be :
c =  g i (ni –0.5 Vp)-1.5
Where  is the water density (kg/m3); g
is the acceleration of gravity (ms-2) ; n is
the Manning roughness coefficient ; Vp
is the pickup velocity (m/s) that is
determined by the equation
Vp = 1.14 (g a d )0.5
Where a ( = PT -1-1) and PT is the
sediment density (kf/m3) ; d is the grain
diameter (m).
The sediment transport capacity,GT (kg
m-1s-1), is calculated by means of the
Engelund-Hansen's equation
GT = 0.04 (V V*2 PT)/( a g )
Where, V is the flow velocity (m/s); V* is
the shear velocity (m/s);  is the
criterion which is  = a d h-1 i-1.
The sediment transport by the overland
flow is described by two-dimensional
sediment continuity equation

(hC ) (G x ) (G y )


E

t

x

y
( z )
E (1  ) PT

t

Where C is the sediment concentration
(kg m-3); Gx and Gy are the sediment
transport rate in the x and y direction
respectively;  is the soil surface
porosity; z is the soil surface elevation
(m); E is the erosion or deposition rate
on surface slope (kg m-2 s-1).
Sediment routing in channels is
described
by
the
one-dimensional

sediment continuity equation. Numerical
integration of these equations is carried
out an implicit finite difference scheme.
8. LISEM MODEL
The LISEM model (De Roo et al.2001) is
one of the first examples of a physically
based
model
that
is
completely
incorporated in a raster Geographical
Information
System.
Incorporation
means that there are no conversion
routines necessary; the model is
completely expressed in terms of the GIS
command structure. Furthermore, the
incorporation facilitates easy application
in larger catchments, improves the user
friendliness, and allows remotely sensed
data from airplanes or satellites to be
used. If required, the model can be
linked easily with other GIS’s. Processes
incorporated in the model are rainfall,
interception, surface storage in micro
depressions,
infiltration,
vertical
movement of water in the soil, overland
flow, channel flow, detachment by
rainfall, detachment by overland flow,
and transport capacity of the flow. Also,
the influence of tractor wheelings, small
paved roads (smaller than the pixel size)
and surface sealing on the hydrological
and soil erosion processes is taken into
account.
After rainfall begins, some is intercepted
by the vegetation canopy until such time
as the maximum interception storage
capacity is met. Besides interception,
direct through fall and leaf drainage
occur, which, together with overland
flow from upslope areas, contribute to
the amount of water available for
infiltration. The amount of water
remaining after infiltration begins to
accumulate on the surface in microdepressions. When a predefined amount
of depressions are filled, overland flow
begins.
Overland
flow
rates
are
calculated using Manning’s n and slope
gradient, with a direction according to
the aspect of the slope. When rainfall
ceases, infiltration continues until
depression storage water is no longer
available. Soil detachment and transport
can both be caused by either raindrop
impact or overland flow. Whether or not
a detached soil particle moves, depends
upon the sediment load in the flow and
its capacity for sediment transport.
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When water and sediment reach an
element with a channel, they are
transported to the catchment outlet.
Sedimentation within a channel appears
when the transport capacity has been
exceeded.
When there are no sufficient field
measurements
available,
the
distribution of a desired input variable
can be derived from digitized soil or land
use maps. A raster-based GIS is the
ideal tool to serve needs and fulfill
requirements associated with the DEM
and
the
geostatiscal
interpolation
techniques. Further advantages of using
a GIS are
1) the possibilities of rapidly producing
modified input-maps with different
land use patterns or conservation
measures to simulate alternative
scenarios,
2) the ability to use very large
catchments with many pixels, so the
catchment can be simulated with
more detail, and
3) the facility to display the results as
maps.
A series of maps can be produced
showing the variation with time of
spatial
patterns of soil erosion,
sedimentation and runoff over the
catchment. These maps can be
compared by subtraction to yield maps
indicating how erosion or sedimentation
might be affected by certain control
measures within the catchment or they
can be viewed successively to create a
video of the modelled process. Runoff
can also be displayed as an overlay on
the landform surface
The main advantage of incorporating
models in GIS is that the ‘source code’ of
the model then resides on the
comprehensible abstraction level of one
or two lines of source code, a GIS
command, per process (e.g. interception,
infiltration and sediment routing). Such
a high level of abstraction simplifies
model modification, maintenance and
reusability of parts of the model in other
models. The current implementation of
LISEM is less than 200 lines (exclusive
comments).

INPUT
LISEM needs a number of input files
and maps to run. These inputs are
described below.
Rainfall file:
Data from multiple
raingauges can be entered in an input
data file. A map is used as input to
define for each pixel which raingauge
must be used. For every time increment
during the simulation of a storm, the
model generates a map with the spatial
distribution of the rainfall intensity.
Thus, the model allows for spatial and
temporal variability of rainfall. In the
future, this approach allows for the
input of e.g. radar data indicating
rainfall intensity patterns changing in
space and time: e.g. to simulate a
thunder storm which moves over a
catchment.
Tables for the soil water model: Within
the catchment, soil profiles are defined.
The vertical soil water movement is
simulated by subdividing a soil profile in
a user defined number of layers. For
each characteristic soil horizon, the
measured K-t3-h relations are read from
the horizon specific tables.
Maps of relevant topographical, soil and
land use variables: To run LISEM, a
number of maps are needed in the
PcRaster format a group of maps which describe the
catchment morphology:
o an ‘area.map’, in which the
main catchment is defined;
o an ‘id.map’, which defines the
spatial rainfall pattern;
o a map with the locations of the
main outlet and subcatchment
outlets;
o a map with the ‘Local Drain
Direction’, which refers to
aspect;
o a map with slope gradient;
o a map with the Manning’s n for
overland flow;
o a map with slope gradient of the
main channels;
o a map with the Manning’s n for
channel flow;
o two maps which describe the
channel morphology;
o a map with the location and
width of roads;
 a map with the location and width of
wheel tracks from tractors;
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 a group of maps needed for the soil
water sub-model:
o map with the soil profile types,
referring to the conductivity
tables;
o a similar map, but then for
profiles under wheel tracks;
o maps with the initial soil metric
suction for each soil layer;
 a group of maps with soil and land
use variables:
o a map of the Leaf Area Index;
o a map with the soil coverage by
vegetation;
o a map with the crop height;
o a map with the Random
Roughness of the soil surface;
o a map with the aggregate
stability of the soil;
o a map with the soil cohesion;
o a map with the soil cohesion of
channels;
Command file : When the model is run,
the user is prompted for the selection of
the catchment, the rainfall event, a few
tuning parameters and the desired
output. Alternatively, the user can
specify this information in a command
file. This interface empowers the user to:










Select
the
catchment
by
specifying the directory of the
topographical, soil and land use
map database;
Select the soil water model
parameters by specifying the
directory of the soil water tables.
Separating the map database
and the soil water tables permits
optional sharing of the soil water
tables
between
different
catchments;
Select the rainfall event by
specifying the rainfall file; Select
the starting and ending time of
the simulation;
Select the overall simulation time
step, and the minimum time step
for the soil water sub-model;
Select a precision factor of the
soil water sub-model;
Select a number of parameters
and coefficients used in the
detachment
and
transport
formulas,
such
as
settling
velocity of the soil particles and a
splash
delivery
ratio.
If
necessary, a few of these



parameters could be used for
calibrating the sediment part of
the model;
Select names of the output files:
e.g. hydrograph files (main outlet
and outlets of predefined subcatchments), runoff maps at
several times, soil erosion map
and the ‘results’ file with totals.

OUTPUT
The results of the LISEM model consist
of:





a text-file with totals (total rainfall,
total discharge, peak discharge, total
soil loss etc.);
a ASCII data file which can be used
to plot hydrographs and sedigraphs.
Pc-Raster maps of soil erosion and
deposition, as caused by the event;
PcRaster maps of overland flow at
desired time intervals during the
event.

VALIDATION OF LISEM
The model results are compared with
observed data (validation). Statistical
criteria determine the ‘goodness of fit’.
The model user has to decide whether
the results are satisfactory. If so, the
simulations end and the ‘final results’
are produced. If the validation is not
satisfactory, there are several options:
 Modify the model;
 Re-calibrate the model;
 Change the resolution (pixel-size or
simulation time step);
 Collect more data;
 Collect better data (measurement
errors);
 Collect different data (other variables);
This procedure is repeated until
satisfactory results are obtained.
There are various erosion process
models available and use depends upon
the data required in the model and the
data available.
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Test of Significance – I (Tests Concerning Mean)
Ranbahadur Singh
Introduction
In applied investigations especially
in agriculture and allied Science, it may
not be possible to study the whole
population and thus the investigator is
force to draw inference about the
population on the basis of the
information obtained from the sample
data (due to high operational cost and
time consideration), Which is called as
statistics inference . For Example, it is
out of question to harvest and record the
produce from all the field growing the
wheat crop which constitute the
population under study.
Definition
Statistical inference is a branch
of statistics, which deals with drawing
inference about the population on the
basis of sample information. Two major
area of statistical inference are:
I. Point and interval estimation of
parameters.
II. Test of significance (also called as
test of hypothesis) Suppose we have
an unreleased variety (V1) of wheat
crop. One may ask question such as:
i. What is the average yield of Varity
(V1)? (It is a problem of estimation)
ii. Is the average yield of this variety
(V1) = 65 q/ha or is the average yield
of (V1)>65 q/ha or < 65 q/ha (Testing
of hypothesis).
Here we shall discuss various tests of
significance.
Definition:
Any statement or assumption
bout the population or the parameters of
the population is called as statistical
hypothesis.
The truth or falsity of statistical
hypothesis is never known with
certainty unless we examine the entire
population. This, of course, would be
impractical in most situations. Instead,
we take a random sample from the
population of interest and use the
information contained in this sample to

decide whether the hypothesis is likely
to be true or false. Evidence from the
sample if inconsistent with stated
hypothesis leads to the rejection of the
hypothesis,
whereas
evidence
supporting the hypothesis leads to its
acceptance. The investigator should
always state his hypothesis in a manner
so as to test it for possible rejection. If
he is interested in a new vaccine, he
should assume that the new vaccine is
not better than the vaccine now in the
market and then set out to reject this
contention. Similarly, to prove new
plughing technique is superior to old
one, we test the hypothesis that is no
difference between these two techniques.
Definition:
The hypothesis which is being
tested for possible rejection is referred is
to as null hypothesis and is represented
by H0 which as the hypothesis
complementary to the null hypothesis is
referred to as alternative hypothesis and
is represented by H1.
These hypotheses are such that
the acceptance (or rejection) of one leads
to the rejection (or acceptance) of the
other. Thus if we state the null
hypothesis as H0: µ (yield of c.v. WH542) = 65 q/ha, then the alternative
hypothesis might be H1 µ≠65 q/ha µ >
65,q/ha µ< 65 q/ha.
Let us consider an example…………
Example:
Suppose the average yield 'of a
crop variety V1, is 55 q/ha. A new
variety V2 is evolved to increase the
yield. Naturally before replacing the
variety V1 by V2, the breeder wants to be
sure (on the average) scientifically
whether the variety V2 is superior to
variety V1 in terms of yield. Here we are
dealing with two populations of plots,
those with varieties V1 and V2. The
average yield of V1 is known and is equal
to 55 q/ha. To answer the above
question, the null hypothesis in this
case is H0: µ= 55q/ha i.e. average yield
of variety V2 is equal to 55 q/ha and H1
= µ> 55 q/ha.
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In testing of a statistical
hypothesis we have to choose between
two possible actions regarding the
population parameters. In the above
example we have to choose one of the
two possible actions……..
(i)
we accept the null hypothesis, in
which case we retain the existing
variety V1, or..
(ii)

we reject the null hypothesis in
which case we recommend the
new variety V2.

Two types of errors:
In order to make any decision to
accept or to reject the null hypothesis
we have to draw a random sample x1, x2
........xn of size n from the given
population under study and on the basis
of information contained in the sample
we have to decide whether to accept or
reject the null hypothesis. Because of
the random nature of the sample the
above decision could lead to two types of
errors.
Decision
Accept
Reject
(i) H0 is true
Correct decision (no
error) Type - 1 error I
(ii) HO is false
Type -II error
Correct decision (no error)
Definition:
Type I error is made when we
reject a true null hypothesis, i.e. we
reject the null hypothesis when it should
be accepted.
Definition:
Type II error is made when we
accept a false null hypothesis, i.e. we
accept the null hypothesis when it
should be rejected.
The relative importance of these
two types of errors depends upon the
individual problem under study. For
instance, in the above example, it is
expensive to replace the existing variety
V1 and so one should be very careful
about the type I error. Whatever may be
the relative importance of these errors, it
is preferable to choose a test for which
the probability of both types of error is
as small as possible. Unfortunately,
when the sample size n is fixed in
advance, it is not possible to control
simultaneously both types of errors.
What is possible is to choose a test that

keeps the probability of one type of error
a minimum when the probability of
other type is fixed. It is customary to fix
type I error and to choose a test that
minimize the probability of type II error.
Definition:
Level of significance is the
probability of committing a type I error,
i.e. it is the risk of rejecting a 'true null
hypothesis. It is denoted by the symbol
α. On the other hand, the probability of
committing a type II error is denoted by
the symbol β and consequently (1- β) is
called the power of the test. There is no
hard and fast rule for the choice of α, it
is customary to choose α equal to 0.05
or 0.01. A test is said to be significant if
H0 is rejected at α= 0.05 and is
considered as highly significant if H0 is
rejected at α = 0.01.
Definition:
Test statistic is a calculated number
from the sample data that is used to
decide whether to reject or accept H0.
The formula for computing the
value of test statistic depends upon the
parameter we are testing. In general, the
procedure of testing any hypothesis
consists of partitioning the total sample
space in two regions. One is referred to
as region of rejection or the critical
region
and
other
as
region
of
acceptance. If the test statistic on which
we base our decision falls in the critical
region, then we reject HO. if it falls in
the acceptance region, we accept HO.
One tailed and two tailed tests
A
test
of
any
statistical
hypothesis where the alternative is one
sided (right sided or left sided) is called a
one tailed test. For example, a test for
testing the mean of a population HO: µ =
µ0 against H1: µ > µ0 (right tailed) or H1:
µ < µ0, (left tailed) is a one tailed test. A
test of statistical hypothesis where the
alternative is two sided such as: H0 = µ =
µo against H1: µ ≠ µ 0 (µ>µ0 and µ<µ0), is
known as two tailed test.
Tests for the Single Mean:
Here
we
will
discuss
tests
for
determining whether we should reject or
accept H0 about the population mean µ.
Case (i): Population S.D. (G) is known
(Standard Normal Deviate Test – One
Sample Z-test)
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Let a random sample x1, x2 ....... xn of
size n be drawn from a normal
population whose S.D. (σ) is known. We
want- to test the null hypothesis that
the population mean is equal to the
specified mean µ0 against the alternative
hypothesis that the population mean is
not equal to µ0.
Assumptions:
(i) Population is normal
(ii) The sample is drawn at random
(iii) Population S.D. (σ) is known
Procedure:
1. Formulate the null hypothesis H1:
µ=µ0
2. Formulate the alternative hypothesis
H1: µ ≠ µo
3. Choose the level of significance α =
0.05 or 0.01
4. Compute the test statistic
5. Conclusion: If |ZCal|>1.96, we reject
H0 at α= 0.05 (50/0 level of significance)
otherwise we accept H0. If lZcall>2.58, we
reject H0 at α = 0.01 (1% level of
significance).

z cal 

x μ 0
σ/ n

Example: The average number of mango
fruit per tree in a particular region is
known from a considerable experience
as 520 with a standard deviation 4.0. A
sample of 20 trees gives an average'
number of fruit 450 per tree. Test
whether the average number of fruit
selected ln the sample is in agreement
with the average production in that
region.
A stepwise solution is as follows:
1. H0: µ =µ0 = 520 fruit
2. H1: µ ≠ 520 fruit
3. α = 0.05
4. X= 450 n=20
Conclusion: I Z (cal.) |> Z (tabulated),
1.96 at <1= 0.05. Therefore, we reject H0
and conclude that average number of
fruit per tree in the sample is not in
agreement with the average production
in the region.
Case (ii): if the population S.D. (σ) is
not known but sample size is large (say
>30). Still we can use the one sample Ztest
Assumptions: Same as in case (i)
Stepwise procedure:
Test statistic, we can use sample S.D. (s)
in place of (σ)

Z cal

x  0
1
; s2 
n
s/ n

n

 x i x 

2

i 1

Conclusion: If Zcal>Ztab, we reject H0
and conclude that sample has not been
drawn from population with the
specified mean.
Example: A sample of 900 plants has
the mean height equal to 3.4 cms and
S.D. 2.61 cms. is the sample height is in
agreement with the mean height of the
plants in the population equal to 3.25
cms.

x  0 3.40 3.25 0.1530
Zcal 


1.73
2.61
s / n 2.61/ 900

Step wise solution
1. H0=µ=µ0
2. H1: µ ≠µ
3. α= 0.05
= 3.4 n = 900 S = 2.61
4.

X

Since l Zcal l < 1.96, therefore, we accept
H0 at on = 0.05 and conclude that the
mean sample height is in agreement
with mean height of the plants in the
population.
Case (iii):
Population S.D. (σ) is
unknown and sample size is small (one
sample t-test)
Let x1, x2 …………………. xn be a random
sample of size n from a normal
population with S.D. σ(unknown) and we
want to test the null hypothesis that the
population mean p is equal to a
specified value µ0 against the alternative
hypothesis µ≠µ0. The stepwise testing
procedure is as follows:
Assumptions:
i. Population is normal
ii. The sample is drawn at random
iii. Population S.D. (σ) is unknown and
sample size is small.
1. HO: µ= µ0 .
2. H1: µ≠µ 0
3. Choose the level of significance α=
0.05 or 0.01
4. Test Statistic
Obtain sample mean Y and sample
S.D.’s

1
2 1 X X2andfinally
x 
X andS
compute
i
n
n
1
x 0
tcal 
s/ n
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1. Obtain
tabulated
value
of’t’
distribution with (n-1) d.f. at the
level of significance, α.
2. If l t (calculated) l > t (tabulated), we
reject H0 at of level of significance,
otherwise accept H0.
Example: A new feed was given to 25
animals and it was found that the
average gain in weight was 7.18 kg with
a standard deviation 0.45 kg in a
month. Can the new feed be regarded
having similar performance as that of
the standard feed, which has the
average gain weight 7.0 kg.
Stepwise solution:
1. H0 µ = 7.0 kg
2. H1: p¢7.0 kg o= 0.05
Here x = 7.18 kg and s = 0.45 kg

t cal 

7 . 18 70
2 . 0
0 . 45 / 25

t (tabulated) at <1 = 0.05 with 24
d.f. = 2.06
Conclusion: As ltcal| <t tab, we accept
H0 at 5% level of significance therefore,
we conclude that new feed do not differ
in performance than the existing feed.
TESTS OF SIGNIFICANCE – II
Tests for the Difference of Means:
The Comparison of a sample
mean with its hypothetical value is not a
problem of frequent occurrence. A
problem more commonly met with in
agricultural
and
other
biological
research is the comparison of two
sample means. Thus we may wish to
compare the mean yields of two varieties
of a crop, two diets to see their effect on
the increase in weight, the sucrose
percentage of two varieties of sugarcane,
etc. Here we will like to test the null
hypothesis whether the two population
means are same against the alternative
hypothesis that the two population
means are different ((HO 2 p1= iq)
Case (i): Population SD‘s are known
(Two sample Z test).
Let xl, X2 ………….xn and y1, y2 .......... yn
be the two independent random samples
of sizes n and m from the two normal
populations with standard deviations σ
1and σ2 (known) and we want to test the
null hypothesis H0 : µ1=µ2 against the
alternative H1: µ1≠µ2
Assumptions:

(i) Populations are normal.
(ii) Samples are drawn independently
and at random.
(iii) Population S.D.'s are known.
(iv) Size samples may be small or large.
Stepwise procedure is as follows:
1. Formulate the null hypothesis H0:
µ1=µ2
2. Formulate the alternative hypothesis
H0 : µ1≠µ2
3. Choose the level of significance α=
0.005 or 0.01
4. Test statistic 1
Obtain and from the two independent
random samples of size n and m
respectively and compute.

Z cal



x  y
2
1
n



2
m

2

Conclusion:
Reject H0 at 5% level of significance if |
Zcal l > 1.96 and at 1% level of
significance if l ZCal> 2.58, otherwise
accept H0
Case (ii): Population SD‘s are unknown
but the samples sizes are large (Two
sample Z-test).
If the sample sizes are large, then we
can replace the population SD‘s with
corresponding sample values S1 and
SQ.
Assumptions:
(i) Populations are normal.
(ii) Samples are drown independently
and at random.
(iii) Population S.D.‘s are unknown.
(iv) Sizes of the samples are large.
Procedure is same as in case (i) except
the test statistic

xy
2 1 x x 2s 2 1 yy 2
Zcal
wheres
1 ni
2 n
s12 s22

n m

 

 

Conclusion is same as in case (i)
Example: A random sample of 90 birds
of one breed gave on average production
of 240 eggs per bird per year with a SD
of 18 eggs. Another random sample of
60 birds of another breed gave an
average production of 195 eggs per
bird/year with a SD of 15 eggs. Is there
any significant difference between the
two breed with respect to their egg
production.
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Zcal 

x y
240195

16.61
2

s12 s
182 (15)2


n m
90
m

Stepwise solution is as follows:
1. H0: µ1=µ2
2 H1:µ1≠µ2
3. α = 0.05
4. Test statistic
x = 240 n = 90 s1 = 18
=195 m=60 s2=15

y

Conclusion:
Since l Z (cal) I > Z (tab), 1.96 at 5% level
of significance, therefore, we reject H0
and conclude that there is a significant
difference between the two breea of birds
with respect to egg production.
Case (iii) : Population SD's are
unknown but same and sample sizes are
small (Two sample I-test)
Let x1, x2,……….xn and y1,y2………….. yn
in be two independent random samples
of sizes n and m (small) from two normal
populations with standard deviations
σ1and σ2unknown but same. Here we
want to test the null hypothesis H0:
µ1=µ2 against the alternative H1: µ1=µ2
Assumptions:
1. Populations are normal.
2. Samples are drawn independently
and at random.
3. Population S.D.'s are unknown but
equal
We proceed by the following steps
• H0: µ1=µ2
•

H1: µ1≠µ2

•

α= 0.05 or 0.01

Example: For a random sample of 10
pigs fed on diet A, the increase in weight
in Kg. in a certain period were 10, 5, 16,
17, 13, 12, 8, 14, 15, 9 Kg. and for
another random sample of 12 pigs fed
on diet B, the increase in weights for
same period were 7, 13, 22, 15, 12, 14,
18, 8, 21, 23, 10, 17 Kg.
Test whether diet A and B differs
significantly as regards the effect on
increase in weight is concerned.
How will we modify the testing
procedure if the population variances
are known to be 5 and 9 Kg2.
Solution:
1. H0: µ1=µ2
2. H1:µ1≠µ2
3. α = 0.05
4.

x 120 12

x

cal



x y
s

nm
n m

n 1 s12 ( m 1) s 22
wheres 2 
n m 2
5. Obtain tabulated value of t
distribution (t-tab) at (n+m-2) at α level
of significance.
6. If | tm l >ttab, reject H0 at ol level of
significance, otherwise accept Ho.

10

y 180 15

y

m

12

(n-1) S12=∑(x -x)2 =120
(m-1) S12=∑(y-y)2 =314

120 134
21.1
10 12 2
x y
nm
tcal 

s
n m

S2=

4. Test statistic
Compute sample means
,
and
y
x
sample variances s12 and S22 and obtain

t

n

1.
2.
3.
4.

12 15
1 
1
21 .1 /   
10 12 

5. ttab at 5% level of significance
with 20 d.f. is 2.086.
6. As l tcal| < 2086, we accept H0
and conclude that the two diets
do not differ significantly.
(ii).
Here
the
population
variances are known, therefore,
we can apply two sample Z-test
[case (i)].
H0: µ1=µ2
H1:µ1≠µ2
α = 0.05
Test Statistic

Zcal 
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2
1 

n
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Conclusion:
As | Zcal, l>Ztab = 1.96 at 5% level of
significance, therefore, we reject H0 and
conclude that diet A differs significantly
from diet B as far as increase in weight
is concerned.
Case (iv) : Population variances are
unknown but different…
For testing the significance of the
differences between two means, we have
made the assumption that the variances
of two populations are same. Before
applying the t-test, it is desirable to test
these
assumptions
by
comparing
variances ratio s12/S22 (s12>s22) against F
distribution with (n-1), (m-1) degrees of
freedom. If the two variances are
different then in this case we -find out
tcalas .

x y  1  2 
Zcal 
s12 s 22

n
m

And compare it with tm, with v d.f. where

s 12 /n s 22 /m
v
(s 12 /n)2 /(n 
1) (s 22 /m) 2/(m 
1)
Case (V) Test for the paired samples
(paired t-test):
In above tests, we have that the
two random samples are independent,
but sometimes in practice we find that
two random samples may be correlated.
For instance in the above Example, it
may be possible that the pigs allotted at
random to two diets may differ in their
ages, sexes, initial weights, breeds,
earlier nutritional standards etc. and the
increase in body weights apart from the
differences in two diets may also affected
due to these non-random factors. In
such experiments, it is desirable that
before starting the experiments the pigs
are paired in such a way that each pair
is homogenous as far as possible, i.e.
each pair contains the pigs taken from
same body weight, same sex, same
nutritional values. Other examples
where paired t-test may be used are, the
neighboring plots of field for the
comparison of two fertilizers with
respect to yield assuming that the
neighboring plots will have the same soil
composition, branches of the same plant
for the comparison of nitrogen uptake.
Let there be n pairs and the

observations are denoted by (x1,y1)
(x2,y2)…… (xi,yi)………… (xn,yn) and let
d1,d2……………….dn
represents the
differences of n related pairs of
measurements, where di =xi - yi ,
i = 1, 2,……………………………n.
Assumptions:
1. Populations are normal.
2. Samples are dependent and at
random.
3.
Population
S_D.‘s
are
unknown but equal
4. Size of the samples are small.
Procedure:
1. H0: µ1=µ2
2. H1:µ1≠µ2
3. Choose the level of significance α
4. Test Statistic

dd oouttnd0
d 2 

compute
d i,s  i andfind
2

5.

n d

cal s
d

n
1

6. Obtain tm, at oi level
significance with (n»1)d.f.

of

7. Reject H0 if l tm, l> tm, otherwise
accept HO.
Example:
An
experiment
was
conducted at a Research Station for
comparing two varieties of behind on
neighboring plots of size 5 x 2 m2 in
each replication. The weight of
behind per plot (in kgs) at harvesting
time was recorded on 7 replicates.

Replicat
es

1

2

3

4

5

6

7

Variety
–I

1.96 2.10 1.64 1.78 1.95 1.70 2.00

Variety
-II

2.13 2.10 2.14 2.08 2.20 2.12 2.05

Test for significance of difference
between the two varieties with respect to
their yield.
Stepwise procedure:
1. H0: µ1=µ2
2. H1:µ1≠µ2
3. α = 0.05
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4.

tcal 

nd
Sd

Corresponding differences between pairs
are
-0.17, O, -O.5O, -O.3O, -0.25, -0.42, 0.05
d=∑d i/n=-1.69/7=-024
d=∑d i/n=-1.69/7=-024

 

1
S 2d 
d d 2 0.0337
n 1

tcal=-3.46
Conclusion:
Since l t (cal) l> t (tab), 2.447 at 6 d.f
and at 5% level of significance.
Therefore, H0 is rejected and we
conclude that there is significant
difference between the two varieties of
behind with respect to yield.
F-test is used:
I. As a test for the equality of two
population variances i.e. whether the
two samples may be regarded as
drawn from the normal population
having the same variance.
II. As. a test for the equality of several
population means.
i. The F-test may be used to test the
equality of two population variances.
Let x1,x2…xn, and y1,y2,………yn; be two
independent samples drawn randomly
from two normal population with
variances of and of. Let σ12 and σ22 be
the estimates of population variances.
We want to test the null hypothesis
that the population variances are
equal.
Assumptions:
a. Populations are normal.
b. Samples are drawn independently
and at random
Stepwise procedure is as follows
1. H0: σ1 2=σ22
2. H1: σ1 2≠σ22
3. Choose the level of significance
α=0.05 or0.01
4.
TestStatistic
2
S2
1
1
2
2
Fcal x2 whereSx  xi x Sy2 
yi y
Sy
n1
1
n2
1

 

Here numerator
greater variance

corresponds

 

ii.

If FCal>F-tabulated at (v1, v2) d.f. (v1 =
n1-1, v2 = n2-1) at α level of
significance, then we reject H0 and
conclude
that
the
population
variances are significant different,
otherwise we accept HO.
The F-test can also be used to test
the equality of several population
means in the analysis of variance
technique. The F-test has wider
application as it provides an overall
test for the equality of several
population means whereas t-test
may be used to test the equality of
only two population means.
Example: Two random samples of 10
and 12 equi sized plots treated with
manure I and II respectively in the
barley crop. The following results have
been obtained regarding crop yields.
Manure

No. of
plots

Av.
Yield
(q/ha)
l

Sum of
squares of
deviations
from

Manure I

10

50.0

180

Manure
II

12

55.5

216

Other things remaining the same test if
there is any significant difference
between the crop yields due the
application of two types of manures.
Solution: Equality of means will be
tested by applying two sample t-test and
here we assume that σ12 = σ22therefore,
we first apply F-test for the equality of
two population variances.
F-test
1. H0 :σ12 =σ22 = σ2
2. H0 :σ12≠σ22
3. α=0.05 or 0.01
4. Test statistic

2
S
Fcal  12
S
2

n=10, x=50.0
∑(xi - x)2 =180 m=12, y=55.5
∑(yi - y)2
=216

to
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Tabulated FD 05 (9, 11) = 2.90
Since F(cal) < F (Tm), therefore we do not
reject H0 and conclude that the
population
variances
are
not
significantly different.
Two sample t-test: After testing the
null hypothesis of equality of population
variances, we now apply the t-test.
1. H0:µ1=µ2

Suppose
we
have
got
frequency
distribution of k classes and let Oibe the
observed frequencies of ith class (i = 1,
2,………….. , k). Find out the expected
frequencies (ei, i= 1, 2,………….. ,k) by
fitting
the
desired
probability
distribution.
For carrying out this test we calculate,
the test statistic
k

Oi ei 2

i
1

ei

2



2. H1:µ1≠µ2

which follows Chi-square distribution
with (k-1) degrees of freedom. It can be
seen that for a complete agreement with
4. Test Statistic
the hypothetical distribution the values
x y
nm
of χ2 will be zero; but chance deviations
tcal 
are bound to occur and we shall obtain
s
n m
a positive value of χ2 due to sampling
2
1
1

s2 
x x  y y 2  180 216 19.8

i
i
fluctuations. The test criterion is same
n m 2
20
i.e.
reject H0 if χ2Cal is greater than table
50.0 55.5 10 12
tcal 
2.886
value of
χ2 at oi per cent level of
10 12
19.8
significance with (l<-1) d.f.
3. α=0.05 or 0.01





Conclusion:
Since l tcall>ttab, therefore we reject Hg
and conclude that there is significant
difference in the crop yield due the
application of two types of manures.
Chi-square (χ2) test :
Here, we shall discuss only
applications of χ2 test
1) Test of goodness of fit

two

2) Test of independence
Test of goodness of fit:
The goodness of fit of any set of
data to any form of probability
distribution can be tested by a chisquare test. Suppose we are given a data
and we think that it should follow some
known distribution or some ratio i.e. we
want to test whether our assumption is
correct. Suppose we know from theory
that in four groups the frequencies
should be in the ratio of 9: 3 : 3: 1: 1 or
1 : 1 : 1 :1 :1 and we want to test it with
the help of experimental trial. It is a
problem of testing of goodness of fit.
Here we will find the expected
frequencies on the assumption that the
data follows a given distribution or ratio
and the null hypothesis will be that the
fit is good. To decide this we will apply
χ2 test with (k-1) d.f. where k is the
number of classes or groups.

Note: The expected frequencies in any
class should not be too small, that is, 5
or less. It is generally possible to pool
the frequencies in the adjacent classes
so as to obtain the expectation of pooled
frequencies greater than 5. The pooled
frequencies will have to be treated as
belonging to single class and the degrees
of freedom on which the χ2 is based
would consequently be reduced
Tests: The expected frequencies are
calculated on the basis of the
distribution or ratio e.g. for testing a
ratio of 9: 3 : 3 :1, we expect a frequency
inIgroup 9/16*N; in II group 3/16 x N;
in III group = 3/16*N and in the IV
group = 1/16*N where N is the total
frequency in the experiment.
Example: In experiments on pea
breeding, Mendal obtained the following
frequencies of seeds: 315 round and
yellow, 101 wrinkled and yellow; 108
round and green; 32 wrinkled and
green, Total 556. Theory predicts that
the frequencies should be in the ration
9: 3 : 3 : 1. Find χ2 and examine
correspondence between theory and
experiment.
Solution: H0 - The data follow the ratio
9 : 3 : 3 :1 (or the fit is good)
H1 - The data does not follow the ratio 9
: 3 : 3 :1 (or the fit is not good)
Expected frequencies for group I = 9/16
x 556= 313
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Expected frequencies for group II = 3/16
x 556 = 104
Expected frequencies for group IH =
3/16 x 556 = 104
Expected frequencies for group IV =
1/16 x 556 = 35
Total = 556
I

II

II

IV

Total

O:

315

101

108

32

556

E:

313

104

104

35

556

column respectively then
r s

O e 2isdistribut
ed 2with(r
1)
(s
1)d.f.

ije ij

2

i
1 j
1

ij

The test criterion is to
reject H0 lf calculated χ2 is greater than
table value of χ2 at α per cent level of
significance with (r-1) x(s-1) d. f.
Special case: If two attributes are
divided only into two classes to form a 2
x 2 contingency table and let a, b, c and
d are respective observed frequencies of
the classes then the test statistic
becomes;

2
2
1042 108
1042 3235
2315313 101


0.51(4
1)d.f .
Nadbc2
313
104
104
35
2
, whereN(a bc d)
acbdadc d
The table value of X23 (0.05) = 7.82
The calculated value is less than
7.82, hence we do not reject the nullhypothesis. We conclude that there is a
correspondence between the theory and
experiment or the data follows the ratio
9: 3: 3: 1
Test of independence:
Another common use of the Chisquare test is in testing independence of
attributes in what is known is
contingency
table.
Sometimes
in
agricultural and allied fields, attribute
data are also considered equally
important for taking certain decisions as
the measurement data (grain yield, plant
height, No, of tillers etc.). This type of
attributed data is usually recorded in
“words” instead of numeric values, for
example, colour classification (yellow,
white), leaf shape (Narrow, Broad), yield
(high, low) etc. are few examples of
attribute data. In social sciences
attribute data recorded more frequently
for example, social status, educational
classification etc.
In testing of independence of
attribute data the null and alternative
hypothesis are formed as follows:
H0: Attribute A and B are
independent
H1: Attribute A and B are not
independent
Suppose there are `r' classification of
attribute A and `s‘ classification of
attribute B i.e. a r x s contingency table
is formed. Let Oij and eijare observed and
expected frequencies of ith row and jth

and is used for testing HO. in case
frequencies
in
N 2

2
N | ad bc | 2  
2 

a c b d ( a b )( c d )
x 2 contingency table are less than 5,
Yates correction is useful for applying
Chi-square test and the test statistic is

2 

which is distributed as Chi-square
distribution with 1 d.f. The test criterion
remains same.
Example:
Show that the conditions at
home has a bearing on the condition of
the child on the basis of the following
observed table:
CONDITION AT HOME

75

Not
clean
40

35

15

50

25
135

45
100

70
235

Clean
Cond
ition
s of
Child

Clean
Fairly
clean
Dirty
Total

Total
115

Solution. H0 : Condition of child is
independent of condition at home. H1:
condition of the child depends on
condition at home:
The expected frequencies are :
1. For clean-clean =
115 x 135/235=66.6
2.

For clean-clean=
50 x 135/235=28.73
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Expected frequency table
Clean

Not clean

Total

Clean

66.1

48.9

115

Fairly clean

28.7

21.3

50

Dirty

40.2

29.8

70

Total

135

100

235

By apply

r
s
O ij e ij 2 , we get
2

e ij
i 1 j 1

2 ( d . f .) 18 . 95

Now the table value of χ2 at 2 d.f. and at 5% level of significance (χ2 0.05) 5.99. The
calculated value is more than the table value, hence the null-hypothesis is rejected, and
our decision is that the condition at home has bearing on the condition of the child.
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STATISTICAL DESIGNS FOR FIELD EXPERIMENTATION
H.L. SHARMA
DEPARTMENT OF MATHEMATICS AND STATISTICS
COLLEGE OF AGRICULTURE
J.N.K.V.V., JABALPUR-482004 (M.P.)
Experiments are performed by
investigators in virtually all fields of
enquiry, usually to discover something
about a particular process or system.
Literally, an experiment is a test. More
formally, we can define an experiment as
a test or series of test in which
purposeful changes are made to the
input variables of a process or system so
that we may observe and identify the
reasons for changes that may be
observed in the output response. Thus,
statistical design of experiments refers
to the process of planning the
experiment so that appropriate data that
can be analyzed by statistical designs
will be collected, resulting in valid and
objective conclusions. Data are the
fundamentals of statistics. They can be
generated through two ways:
(i) Sample surveys
(ii) Field experimentation
The theory of sample surveys has the
objective of
deriving methods for
collection of sample observations from a
population which exists in its own way
such that the sample can adequately
represent and accurately interpret the
population. In the case of experimental
data no such population exists in its own
way. The experimentation is the merely
way to know an answer to the problem.
Statistical design of experiment is very
much useful in field experimentation to
test the significant differences among the
treatment means. The following is an
ordered list of requirements for scientific
experimentation.
1. Recognition of and statement of the
problem
2. Choice of factors, levels and ranges
3. Selection of the response variable
4. Choice of experimental design
5. Performing the experiment
6. Collection of the data
7. Statistical analysis of the data
8. Conclusions and recommendations

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 –
(i)
Inherent
variability
in
the
experimental units
(ii)
Error
associated
with
the
measurements made and
(iii) 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
 2
var iance ( mean )
As n i.e. replication number increases,
precision also increases. Another means
of increasing precision is to control σ2,
smaller the value of σ2, 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 randomization
ensures that different treatments on the
average
are
subjected
to
equal
environmental effect.
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.
This procedure
of blocking or
grouping is termed as local control.
The aim of the local control is to
reduce the error by suitably modifying
the allocation of treatments to the
experimental units.
BASIC DESIGNS
Completely Randomized Design
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
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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
experimental
units .Then random
allotment of treatment A , B, C can be
done to 5 , 3 and 4 experimental units as
shown below.
A
B
A
B
A
A
C
C
C
B
C
A
Model –

Yij =  +  i + e ij
(i = 1, 2 …..t, j = 1 ,2 ….r)
Where -: yij denotes the observation of jth
replicate for the ith 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.
B1
B2
B3

A
D
A

C
C
E

D
E
C

B
A
D

E
B
B

Model- Yij =  + ti + bj + e ij; (i = 1, 2
…..t, j = 1 ,2 ….r)
Where -: Yij denotes the observation of
jth replicate for the ith treatment
 is the general mean effect,

ti is the effect due to ith treatment and
bj is the effect of jth 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 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 are the examples of a Latin
Square Design
A
B
B
C
C
A
B
D
A
C

C
A
D
B

A
C
B
D

D
B
C
A

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 ,
ri is the effect due to ith row ,
cj is the effect due to jth Column the ith
treatment
tk is the effect due to kth treatment and
bj is the effect of jth blocks
eijk is the random error
which is
assumed to be independently and
normally distributed with mean zero and
constant variance (2).
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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
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.
Types of factorial experiment:
Symmetrical factorial: where the
levels of each factor are the same in the
experiment.
Example- 22, 23, 24 …2n are
symmetrical factorial experiments of
factors two, three, four… n, each it two
levels .The experiments 32, 33, 34 …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 levels than it is known as Sn
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.
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
Difference between increments: (a2-a1) –
(a1-a0) = a2-2a1 +a0
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 are collinear, this quantity
equals zero.
Two factors, each at three levels
When there are two factors, each at three
levels, there will be nine treatment
combinations.
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. These four
contrasts may be written symbolically
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)
Where factors like (a2 + a + 1) and (b2 + b
+1) simply mean marginal totals. The
remaining four expressions for different
types of interactions are
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,
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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 2 x 3 factorial
a2

A
B1
B2
AB1
AB2

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

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

912
Is a 2 x 3 factorial experiment. It is the
simplest example of factors with mixed
level. 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)
The above table gives the coefficients of
the treatment combinations after these
symbolic
expressions
have
been
expanded. It is seen that the sum of the
five-component ssq is 912, as was found
in above table. Each component may
then be tested against s2 = 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 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

Effect
Z

Divisor
Dxr

Ssq
Z2 / Dr

60
120
36
-48
-84

6x6
4x6
12 x 6
4x6
12 x 6

100
600
18
96
98

Total treatment Ssq =
(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
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which less important treatment effects
purposively confounded with the block.
This non-orthogonality 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.
 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.
• Systems of confounding in a 2n
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 blocks will be represented as
given below
(1)
(2)
(3)
(4)
(1)
e
b
c
cd
cde
bcd
d
a
ae
ad
ac
acd
acde
abcd
bd
bce
bc
ce
ae
bde
bd
de
bcde
abce
abc
ace
abe
abde
abd
ade
abcde
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.
Model :Yijk =  + ri + m j + e ij + s k + (ms) jk + e ijk
where, Yijk is the observation on the kth
sub plot the jth main plot in the ith
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
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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.
Replication 1
A0
A2
A3
A1
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
Where j=1,2,…, n represent the jth
observation in the factorial experiment
and X ij 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
The factorial analysis is presented in the

distribution

with

mean

zero

and

2

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 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 layout of randomized block design having
three replications for paddy. The
hypothetical yields are presented in the
following Table 16.70.
Table: Replications
Treatment
1
2
3
Total
n0p0

8

10

9

27

n0p1
n0p2
n1p0
n1p1
n1p2
n2p0
n2p1
n2p2
n3p0
n3p1
n3p2

10
14
12
36
11
9
10
30
13
12
15
40
15
14
13
42
18
16
19
53
14
12
10
36
20
22
22
64
24
26
25
75
16
15
18
49
22
20
23
65
28
27
29
84
199 197 205
601
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
15
30
45
Total
40
27
36
30
93
60
40
42
53
135
80
36
64
75
175
100
49
65
84
198

ANOVA table below:
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Source

d. f.

S.S.

Replications
2
2.89
Treatments
11
N
3
711.42
P
2
343.06
NP
6
177.83
Error
22
44.44
Total
35
1279.64
** 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.
15
30

M.S.

Fcal

1.45
237.14
171.53
29.64
2.02

117.40**
84.92**
14.67**
Table: 16.27
40 60 80 100 Total

(Linear)
(quadratic)

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
45

Total

(linear)

62

109

184

355

(quadratic)

0

-5

-14

-19

(cubic)

34

-37

-12

-15

Source

d. f.

S.S.
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Replications

2

2.89

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

PQ

1

5.56

5.56

NP

6

NLPL

1

124.03

124.03

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
From above table, it can be observed
that the yield is significantly affected by
linear 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.
The response surface is the mathematical
relation taking yield as the dependent
variable and the above mentioned factors

Where

Nitroge
n levels

1.45

167.08**

61.40**

as independent variables. Let the relation
between
yield
and
and
b i ' s are
regression coefficients.
In order to find out
coefficients b i ' s the
orthogonal
since,

polynomials

the regression
coefficients of
will

be

used

Y is the estimated value of

Phosphorus
levels

Yield
Total (Y)

NQ

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

PL

NLPL

NCPL

NCPQ

49

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

40

60

80

100

15
30
45
15
30
45
15
30
45
15
30
45

27
36
30
40
42
53
36
64
75
49
65
84
601

-3
-3
-3
-1
-1
-1
+1
+1
+1
+3
+3
+3
355
60
5.9167

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

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

11.250

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

122
40

-46
40

96
120

-1.1500 0.800

-1.5833
3.0500
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Abstract
Biochar is a new word for many, but the
technology is a traditional one in several
regions of the world. Biochar refers to a
kind of charcoal made from biomass.
Unlike charcoal made for fuel, biochar
has properties which make it a valuable
soil amendment. The decrease in
biomass production, decrease in organic
matter
supply
and
increased
decomposition rate are the primary
factors to reduction in soil organic
matter. Biochar is a stable carbon
compound created when biomass is
heated to temperatures between 300
under
low
oxygen
and
1000˚C,
concentrations. Biochar is attracting
attention as a means for sequestering
carbon and as a potentially valuable
input for agriculture to improve soil
fertility and sustainable production. Soil
health management with biochar is
evaluated globally as a means to
improve soil fertility and to mitigate
climate change.
Keywords
Biochar, soil health, soil fertility and
green house gasses
Introduction
Soil health is the foundation of vigorous
crop
productivity
with
higher
opportunity for income and employment
which in turn provides sustainable food
system. Soil health management forms
the basis for sustainable system of
productive agriculture as the Indian
population, which increased from 683
million in 1981 to 1210 million in 2010,
is estimated to reach 1412 million in
2025 and to 1475 million in 2030. To
feed the projected population of 1.48
billion by 2030, India needs to produce
350 million tonnes of food grains. The
expanded food needs of future must be
met
through
intensive
agriculture
without any expansion in the arable
land. The per capita arable land
decreased from 0.34 ha in 1950-51 to
0.15 ha in 2000-01 and is expected to
shrink to 0.08 ha in 2025 and to 0.07
ha in 2030. The current food-grain
production of 218 mt (2009-10) is
obtained from the net arable land of 141

m ha.
Plants obtain their nutrition from
organic matter and minerals found in
soils. As the land is farmed, the
agricultural
processes
disturb the
natural soil systems including nutrient
cycling and the release and uptake of
nutrients (Bot and Benites 2005).
Modern agriculture is apt to mine the
soil for nutrients and to reduce soil
organic matter levels through repetitive
harvesting of crops. This decline of the
soil
continues
until
management
practices are improved, additional
nutrients are applied, rotation with
nitrogen-fixing crops is practiced, or
until a fallow period occurs allowing a
gradual recovery of the soil through
natural ecological development. As the
natural stores of the most important
nutrients for plant growth decline in the
soil, growth rates of crops are inhibited.
Soil organic matter plays key role in soil
fertility sustenance. In soybean-wheat
system, without balanced input of
nutrients, organic matter status of soil
declined over a time in Alfisols of
Ranchi. Whereas, balanced fertilization
with NPK and NPK+FYM improved the
organic matter status in Vertisols under
soybean-wheat system at Jabalpur. It is
crucial to maintain a threshold level of
organic
matter
in
the
soil
for
maintaining physical, chemical and
biological integrity of the soil and for
sustained
agricultural
productivity.
Thus, assessing soil organic carbon
(SOC) sequestration under intensive
cropping with different management
practices plays an important role in
long-term maintenance of soil quality.
Efficient use of biomass, available as
crop residues and other farm wastes, by
converting it to a useful source of soil
amendment/nutrients is one way to
manage soil health and fertility. The
current availability of biomass in India
is estimated at about 500 million
tons/year. These residues are either
partially utilized or un-utilized due to
various constraints. It is estimated that
about 93 million tons of crop residues

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

51

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

are burnt in each year in India. Residue
burning traditionally provides a fast way
to clear the agricultural field of residual
biomass,
facilitating
further
land
preparation and planting. However, in
addition to loss of valuable biomass and
nutrients, biomass burning leads to
release of toxic gases including GHGs. In
this context, biochar, a pyrolysis
product of plant biomass offers a
significant,
multidimensional
opportunity to transform large scale
agricultural waste streams from a
financial and environmental liability to
valuable assets. Use of biochar in
agricultural systems is one viable option
that can enhance natural rates of
carbon sequestration in the soil, reduce
farm waste and improve the soil quality.
In India, about 435.98 million tons of
agro-residues are produced every year,
out of which 313.62 million tons are
surplus. These residues are either
partially utilized or un-utilized due to
various constraints (Murali et al., 2010).
Koopmans
and
Koppejan
(1997)
estimated that about 507,837 thousand
tons of field crop residues were
generated in India during 1997 of which
43% was rice and 23% wheat. The
estimates from Streets et al. (2003)
reveal that 16% of total crop residues
were
burnt.
The
results
from
Venkataraman et al. (2006) suggest that
116 million tons of crop residues were
burnt in India in 2001, but with a strong
regional variation (Gupta, 2010). Studies
sponsored by the Ministry of New and
Renewable Energy (MNRE), Govt. of
India have estimated surplus biomass
availability at about 120–150 million
tons/ annum (MNRE, 2009). Of this,
about 93 million tons of crop residues
are burned in each year (IARI 2012).
Generation of crop residues is highest in
Uttar Pradesh (60 million t) followed by
Punjab (51 million t) and Maharashtra
(46 million t). Maharashtra contributes
maximum to the generation of residues
of pulses (3 million t) while residues
from fibre crop is dominant in Andhra
Pradesh (14 million t). Gujarat and
Rajasthan generate about 6 million t
each of residues from oilseed crops.
Among different crops, cereals generate
maximum residues (352 Mt), followed by
fibres (66 Mt), oilseeds (29 Mt), pulses
(13 Mt) and sugarcane (12 Mt). The

cereal crops (rice, wheat, maize, millets)
contribute 70% while rice crop alone
contributes 34% to the crop residues
(Fig 1). The surplus residues i.e., total
residues generated minus residues used
for various purposes, are typically burnt
on-farm. Estimated total amount of crop
residues surplus in India is 91-141 Mt
(IARI, 2012). Cereals and fibre crops
contribute 58% and 23%, respectively
and remaining 19% is from sugarcane,
pulses, oilseeds and other crops. Out of
82 Mt surplus residues from the cereal
crops, 44 Mt is from rice followed by
24.5 Mt from wheat. About threefourths
of greenhouse gas (GHG) emissions from
agro-residues burning were CH4 and the
remaining one-fourth was N2O. Burning
of wheat and paddy straws alone
contributes to about 42% of GHGs.
Hence, conversion of organic waste to
produce biochar using the pyrolysis
process is one viable option that can
enhance natural rates of carbon
sequestration in the soil, reduce farm
waste and improve the soil quality
(Srinivasarao et al., 2012, 2013).
Biochar has the potential to increase
conventional agricultural productivity
and enhance the ability of farmers to
participate in carbon markets beyond
the traditional approach by directly
applying carbon into the soil (McHenry,
2009). Converting waste biomass into
biochar would transfer very significant
amounts of carbon from the active to
inactive carbon pool, presenting a
compelling opportunity to intervene in
the carbon cycle. The use of biochar as
soil amendment is proposed as a new
approach to mitigate man-induced
climate change along with improving soil
productivity. The use of biochar in
agriculture is not new; in ancient times
farmers used it to enhance the
production of agricultural crops. In
order to sequester carbon, a material
must have long residence time and
should
be
resistant
to
chemical
processes such as oxidation to CO2 or
reduction to methane. It has been
suggested by many authors (Izaurralde
et al., 2001; McHenry, 2009) that the
use of biochar as soil amendment meets
the above requirements; since the
biomass is protected from further
oxidation as compared to material that
would otherwise have degraded to
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release CO2 into the atmosphere. Such
partially
burnt
products,
more
commonly called pyrogenic carbon or
black carbon, may act as an important
long-term carbon sink because their
microbial decomposition and chemical
transformation are probably slow.
What is biochar?
Lehmann and Joseph (2009) define
biochar as the carbon-rich product
when biomass, such as wood, manure or
leaves, is heated in a closed container
with little or no available air. In more
technical terms, biochar is produced by
so-called thermal decomposition of
organic material with limited supply of
oxygen,
and
at
relatively
low
temperatures (<700 oC) (Stockmann,
2011). This process often mirrors the
production of charcoal, which is one of
the most ancient industrial technologies
developed by mankind (Barrow 2012).
However, biochar can be distinguished
from charcoal and similar materials in
that it is produced with the intent it be
applied to soil as a means of improving
soil productivity, carbon (C) storage and
possibly filtration of percolating soil
water (to try and cut pollution of surface
and
groundwater
bodies).
The
production process and the intended
use, forms the basis for distinguishing
biochar (Lehmann et al., 2006). Biochar
is the appropriate term where charred
organic matter is applied to soil in a
deliberate manner, with the intent to
improve
soil
properties.
This
distinguishes biochar from charcoal that
is used as fuel for heat, as a filter, as a
reductant in iron making or as a
colouring agent in industry or art
(Lehmann et al., 2006). Biochar is the
most widely used and arguably the best
term. Biochar is very variable in quality,
depending on raw material, pyrolysis
conditions, whether it is enriched with
other compounds and how finely it is
ground. The problem is that biochar is a
generic term and standards have not
been established but are much needed
(Barrow 2012).
Slow pyrolysis is said to minimize the
risk of producing dioxins and harmful
polyaromatic hydrocarbons, which could
contaminate biochar and/or escape with
exhaust gases and solid or liquid
wastes. Low temperature pyrolysis gives
a material with more desirable soil

improvement properties than charcoal or
ash that is also richer in aromatic
carbon and humic substances (Barrow
2012). The pyrolysis can generate useful
heat, biofuel or syngas as by-products.
It may be possible to sequester more
carbon dioxide in the soil than is
liberated to the atmosphere during
biochar pyrolysis: making it a carbon
negative activity, which can enhance
profitability (Fowles, 2007; Lal, 2007;
Lehmann & Joseph, 2009; Matthews,
2008b). Sohi, Loetz-Capel, Krull, and
Boll (2009) noted biochar seems capable
of remaining in soil without releasing
carbon for centuries, even millennia and
it enhances microbial activity. The mean
soil carbon residence time for buried
biochar is likely to be at least 1000
years, possibly longer (Nguyen &
Lehmann, 2009).
Some burnt materials like ash can be
hydrophobic; so if added to soil they
reduce moisture storage and enhance
runoff resulting in poorer crops and
even erosion; care needs to be exercised
to ensure biochar does not have these
qualities (Renner, 2007). So far the
indications are that it enhances soil
moisture. Beneficial applications might
not need to be very frequent (compared
with fertilisers, compost or manures).
Ideally, biochar should have a long
residence time in soil and actively
support beneficial soil microorganisms.
More research is needed to check these
qualities. Also, successful biochar
programmes will require more than
technical know-how if they are to avoid
unwanted socio-economic impacts; there
must be political will, farmer support,
organisational skills and the ability to
cover the costs of raw material
transportation and application to the
land.
Important Feedstock for Biochar
Biochar can also be produced from
manures and other animal wastes,
including bone (Fig 1.). For instance,
dairy shed waste and chicken litter have
been used to produce biochar (Cao &
Harris 2010; Joseph et al. 2010;
McHenry
2009).
There
are
also
obnoxious
weed
viz.
Parthenium,
Lantana etc. having characteristic woody
stem can be used for making biochar.
Many types of manure are anaerobically
digested to produce biogas (a mixture of
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methane and carbon dioxide) and it is
possible that the remaining solid byproducts could be used in pyrolysis
reactions to produce biochar. When
considering a potential feedstock for
biochar production, biomass availability
and moisture content must also be
considered
to
ensure
continual
operation of the processing plant, with
minimal energy input requirements.
Pyrolysis of these types of waste may
produce both energy and a biochar
product with relatively high levels of
plant nutrients, such as phosphorous,
potassium, nitrogen, magnesium and
calcium. Containment and use of
nutrient-rich manures and animal
products for production of biochar may
also have positive environmental effects
including reduced nutrient run-off and
corresponding reductions in greenhouse
gas emissions, such as methane and
nitrous oxide (He et al. 2000). Although
manure and municipal waste may be
used in pyrolysis, the high risk of
contamination from toxic chemicals and
heavy metals may limit its use on
agricultural soils. The mineral content of
potential biomass feedstocks must also
be considered. Nik-Azar et al. (1997)
found that impregnating woody biomass
with sodium, potassium and calcium
increased biochar yields by up to 15 per
cent. These findings are in agreement

with other studies, where addition of
inorganic salts (magnesium chloride,
sodium chloride, iron sulphate and zinc
chloride) increased production of char
from 5 per cent (control feedstock; no
addition of salts) to 8, 14, 17 and 28 per
cent respectively (Varhegyi et al. 1988).
However, addition of any minerals to
feedstocks to increase biochar yield
would, from an agricultural productivity
perspective, have to be weighed against
the effect of those minerals on soil
structure, soil fertility and plant growth,
and the cost of supplying these
nutrients through other means.
Not all agricultural waste materials are
suitable for biochar production for
agricultural purposes (Lehmann et al.
2006; McHenry 2009). Some production
conditions and feedstock types can
cause the resulting biochar to be
ineffective in retaining nutrients and
susceptible to microbial decay (McHenry
2009). Depending on the biomass
source, some biochar products, such as
municipal waste, may contain high
levels of toxic substances (heavy metals
and organic pollutants) which must also
be considered in the context of adding
biochar to agricultural soils (Lehmann et
al. 2006).

Fig 1. Potential biomass feedstocks for various pyrolysis conditions (Sohi et al. 2009)

Potential benefits of biochar
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Store recalcitrant form of carbon
in soil. Compost and manures are
subject
to
rapid
microbial
breakdown.
Sequestration
in
biochar is likely to be for
centuries, possibly for thousands
of years.
Enhance
plant
growth
and
sustain crop yields. Help improve
good and problematic nutrientpoor
soils,
including
acidic
tropical
humid
and
drier
environment soils. (Table 2)
Help compensate for greenhouse
gas emissions associated with
agricultural development.
Biochar
may
improve
soil
moisture retention, increasing
agricultural
resilience
and
provides support to intensive
sustainable agriculture which
could help to cut pressure for new
forest clearances and enhances
biodiversity conservation benefits.
Enable production of useful
materials from uncropped land
making use of unused wastes
with increased adaptability to
environmental change by making
production more resilient.
Reduce
the
need
for
fertiliser/manure/compost.
Reduce costs of sewage and
animal waste treatment and cut
emissions
that
they
would
otherwise cause if held in lagoons
or heaps. Application of manure
or compost to the soil may
stimulate bacteria and cause
methane
and
N2O
to
the
atmosphere.
Composting
also
releases greenhouse gases and
compost may have a limited
residence time in soil. Pyrolysis
destroys
microorganisms
and
some veterinary pharmaceuticals.
It
also
reported
by
many
researchers
worldwide
to
Suppress methane and N2O
(nitrous oxide gas) emission from
cultivated soil thereby reduces
global warming).
Offer a more environmentallyfriendly way of processing plastics
and refuse if biochar is too
contaminated for agricultural use
for growing non-food crops or















send to landfill to sequester
carbon.
Nutrient affinity i.e. retention of
plant nutrients, notably retention
of N on permeable soils under
rainy conditions is found higher
with biochar application. Biochar
may bind agrochemicals and help
reduce phosphate and nitrate and
agrochemicals
pollution
of
streams and groundwater. Thus
helping resolve major problems
hindering sustained and improved
agriculture. Reduce plant uptake
of pesticides from contaminated
soils (Xiang-Yang Yu. et al., 2009).
A form of bioremediation.
Reduce soil acidity/raise pH
(Rodriguez et al. 2009). Reduce
aluminium toxicity and increases
cation exchange capacity (Table
1). The published data suggest
that
biochars
from
woody
materials tend to provide low CEC
values, while non-woody plant
materials such as sugarcane
trash (leaf) or tree bark tend to
have
higher
CEC
values
(Yamamoto et al., 2006; Chan et
al., 2007; Major et al., 2009;
Singh and Gu, 2010; Van Zwieten
et al., 2010).
By improving moisture retention
biochar may reduce the demand
for irrigation and make cropping
more secure.
Support biofuel production and
reduce its carbon footprint and
even enable it to move toward
being carbon neutral.
Increase soil microbial biomass
and support other beneficial
organism
like
earthworms.
Support
nitrogen
fixation.
Increase arbuscular mycorrhizal
fungi in soil.
Opportunities for poor to benefit
from carbon offset market and
also
reduce
dependency
of
farmers on input suppliers.
Periurban/urban
agriculture:
biochar may be a useful input to
counter harmful compounds like
heavy metals, dioxins, PAHs
(polycyclic
aromatic
hydrocarbons) present in sewage
or refuse inputs.
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Biochar and Soil Properties
form of carbon with a reasonable
increase in the CEC (Yamamoto et al.,
Available crop residues and other farm
wastes such as obnoxious weeds can be
2006 and Glaser et al., 2002). There are
converted into a useful soil amendment/
so many published studies which
source of nutrients i.e. biochar. It is one
advocate the beneficial effect of biochar
way to manage soil health and fertility.
on soil physical and chemical properties
The use of biochar is reported to
(Table 1).
increase the resilience of agricultural
systems by introducing the recalcitrant
Table 1. Effect of biochar on different soil properties (Srinivasarao et al. 2013)
Some selected soil
Findings
Reference
properties
Glaser et al., 2002
Cation exchange capacity
50% increase
Fertilizer use efficiency
10-30 % increase
Gaunt and Cowie, 2009
Liming agent
1 unit pH increase
Lehman and Rondon, 2006
Crop productivity
20-120% increase
Biological nitrogen fixation
50-72% increase
Soil moisture retention
Up to 18 % increase
Tryon, 1948
Warnock et al., 2007
Mycorrhizal fungi
40 % increase
Bulk density
Soil dependent
Laird, 2008
Rondon et al, 2005
Methane emission
100% decrease
Yanai et al., 2007
Nitrous oxide emissions
50 % decrease
Biochar and Plant Growth
Most of the currently published studies
(Table 2) assessing the effect of biochar
on crop yield, are generally small scale,
almost all short-term, and sometimes
conducted in pots where environmental
fluctuation is removed. These limitations
are
compounded
by
a
lack
of
methodological consistency in nutrient
management and pH control, biochar
type and origin. It is not therefore

possible at this stage to draw any
quantitative conclusion, certainly not to
project or compare the impact of a
particular one-time addition of biochar
on long-term crop yield. Nonetheless,
evidence suggests that at least for some
crop and soil combinations, moderate
additions of biochar are usually
beneficial, and in very few cases
negative.

Table 2. Effects of biochar on plant growth and yield
Crop
Pea
Mungbean

Soybean

Experimental
summary

Char @ 0.5 t/ha

Crops were grown on
volcanic ash loam,
Japan with char @ 0.5
, 5, 15 t/ha

Sugi trees

Crops were grown on
clay
loam,
Japan
Wood charcoal, bark
charcoal
and activated charcoal
at 0.5 t/ha

Bauhinia trees

Crops were grown on
Alfisol/Ultisol

Findings
biomass increased by
160%
biomass increased by
122%
Char @ 0.5 t/ha
increased yield by
151% whereas, Char
at 5 t/ha and15 t/ha
decreased yield by
63%
and
29%,
respectively

Reference
Iswaran et al. (1980)

Kishimoto &
Sugiura (1985)

increased biomass by
249, 324 and
244%, respectively
Charcoal
application
increased
biomass yield by 13%
and height by
24%
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Cowpea

Grown
on
xanthic
ferralsol char @ 67
and 135 t/ha

Cowpea

Planted in pots and
rice
crops
in
lysimeters, Brazil

Maize
Maize, cowpea and
peanut

Radish

Beans

Comparison of yields
between
disused
charcoal
production
sites
and
adjacent
fields, Ghana
Trial in area of low soil
fertility Acacia bark
charcoal plus fertilizer
Pot trial on heavy soil
using
commercial
green waste biochar
(three rates) with and
without N
Enhanced
biological
N2 fixation (BNF) by
common
beans
through biochar
additions, Colombia

Four cropping cycles
with rice (Oryza sativa
L.)
and
sorghum
(Sorghum
bicolor L.)

Charcoal
amended
with chicken manure
amendments

Maize

Mitigation
of
soil
degradation with
biochar. Comparison
of maize yields
in
degradation
gradient cultivated
soils in Kenya

Rice

Pot
experiment
in
alluvial soil with rice
husk biochar @ 0, 4, 8
and 16 t/ha

Rice

Pot experiment in
alluvial soil with rice
husk biochar @ 5 and
10 t/ha

Biochar and GHGs emission
Burning of residues emits a significant
amount GHGs. For example, 70, 7 and
0.66% of C present in rice straw is
emitted as CO2, CO and CH4,
respectively, while 2.09% of N in straw is
emitted as N2O upon burning. One ton

Char @ 67 and 135
t/ha
increased
biomass by 150% and
200%, respectively
Soil
fertility
and
nutrient
retention.
Biochar
additions
significantly
increased
biomass
production by 38
to 45%
Grain and biomass
yield was 91 and
44%
higher
on
charcoal site than
control
Increased in maize
and peanut yields but
not cowpea
Biochar at 100 t/ha
increased
yield
3
times; linear increase
10 to 50 t/ha, but no
effect without added N
Bean yield increased
by 46% and biomass
production by 39%
compared to control at
90
and
60
g
biochar/kg,
respectively
Charcoal
amended
with chicken manure
amendments resulted
in
the
highest
cumulative crop yield
(12.4 t/ha)
Doubling
of
maize
grain yield in the
highly degraded soils
from about 3 to 6 t/ha
Non
significant
increase in the grain
yield and dry matter
accumulation due to
biochar application
Dry matter increased
by 11 and 17% as
compared to control @
5 and 10 t/ha,
respectively

Glaser et al. (2002)

Lehmann et al. (2003)

Oguntunde et al.
(2004)
Yamamoto et al.
(2006)

Chan et al. (2007)

Rondon et al. (2007)

Steiner et al. (2007)

Kimetu et al. (2008)

Singh 2013

Rani 2013

straw on burning releases 3 kg
particulate matter, 60 kg CO, 1460 kg
CO2, 199 kg ash and 2 kg SO2. This
change
in
composition
of
the
atmosphere may have a direct or
indirect effect on the radiation balance.
Besides
other
light
hydrocarbons,
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volatile organic compounds (VOCs) and
semi-volatile
organic
compounds
(SVOCs) including polycyclic aromatic
hydrocarbons
(PAHs)
and
polychlorinated biphenyls (PCBs) and
SOx, NOx are also emitted. These gases
are important for their global impact and
may lead to a regional increase in the
levels of aerosols, acid deposition,
increase in tropospheric ozone and
depletion of the stratospheric ozone
layer.
Biochar production does emit carbon
dioxide and other greenhouse gases but
combined with waste disposal or biofuel
production it appears to offer a practical
way to mitigate global warming. Soil is a
significant source of nitrous oxide (N2O)
and both a source and sink of methane
(CH4). These gases are 23 and 298 times
more potent than carbon dioxide (CO2)
as greenhouse gases in the atmosphere.
Biochar is reported to reduce N2O
emission could be due to inhibition of
either stage of nitrification and/or
inhibition
of
denitrification,
or
promotion of the reduction of N2O, and
these
impacts
could
occur
simultaneously in a soil (Berglund et al.,
2004; DeLuca et al., 2006). Biochar
potential is attracting much attention as
a safe, practical, technically simple, and
affordable method of sequestration,
which has a chance of spreading fast
enough to have real effect. If enough
farmers, larger agricultural enterprises,
biofuel producers, and waste treatment
plants a are established it could become
an
important
means
of
carbon
sequestration. This potential is a little
better
researched
than
biochar
agricultural value; although, there is
insufficient data on biochar-burial soil
carbon mean residence times. However,
according to Sohi et al. (2010), no peerreviewed
studies
documenting
suppression of nitrous oxide emissions
in field experiments have been reported.
There
are,
however,
conference
proceedings and laboratory-based peerreviewed studies reporting reductions in
nitrous oxide emissions (Clough &
Condron 2010). Rondon et al. (2005)
found that adding biochar significantly
reduced net methane and nitrous oxide
emissions when infertile Colombian
savannah soils were amended with
biochar at a rate of up to 30 grams per

kilogram of soil. Researchers found that
nitrous oxide and methane emissions
were reduced by up to 50 and 100 per
cent
respectively,
at
an
optimal
application rate of 20 grams of biochar
per kilogram of soil (Rondon et al. 2005).
Similarly, Spokas et al. (2009) found
suppression of both methane and
nitrous oxide at levels up to 60 per cent
inclusion rates in laboratory trials
(corresponding to 720 tonnes biochar
per hectare). Yanai et al. (2007) also
found that addition of biochar up to 10
per
cent
reduced
nitrous
oxide
emissions by 89 per cent, but only when
the soil was rehydrated with 73 to 78
per cent waterfilled pore space. However,
biochar added to soils rehydrated at 83
per
cent
water-filled
pore
space
significantly stimulated nitrous oxide
emissions compared with the control
(Yanai et al. 2007). Increased soil aeration
from
biochar
addition
reduces
denitrification and increases sink capacity
for CH4. Biochar addition induces
microbial immobilization of available N in
soil, thereby decreasing N2O source
capacity of soil. Increased pH from biochar
addition drives N2 formation from N2O.
When applied to the soil, biochar can
lower GHG emissions of cropland soils by
substantially reducing the release of N2O
(Lehmann et al., 2003). Reduction of N2O
and CH4 emission as a result of biochar
application is seen to attract considerable
attention due to the much higher global
warming potentials of these gases
compared to CO2 (Steiner, 2010). Rondon
et al. (2005) reported a 50% reduction in
N2O emissions from soybean plots and
almost complete suppression of CH4
emissions from biochar amended acidic
soils in the Eastern Colombian Plains.
Yanai et al. (2007), however, reported an
85% reduction in N2O emission from rewetted soils containing 10% biochar,
compared to soils without biochar. Biochar
from municipal biowaste also caused a
decrease in emissions of nitrous oxide in
laboratory soil chambers (Yanai et al.
2007). Spokas et al. (2009) also found a
significant reduction in N2O emission in
agricultural soils in Minnesota; while Sohi
et al.
(2010)
found
an
emission
suppression of only 15%. Additions of 15 g
biochar/kg of soil to a grass and 30 g/kg
of soil to a soil cropped with soybeans
completely suppressed methane emissions
(Rondon et al. 2005).
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Biochar and Soil Biota
Biochar has been described as a
possible means to improve soil fertility
as well as other ecosystem services and
sequester carbon (C) to mitigate climate
change
(Lehmann
et
al.,
2006;
Lehmann, 2007a; Laird, 2008; Sohi et
al., 2010). The observed effects on soil
fertility have been explained mainly by a
pH increase in acid soils (Van Zwieten et
al., 2010a) or improved nutrient
retention through cation adsorption
(Liang et al., 2006). However, biochar
has also been shown to change soil
biological community composition and
abundance (Pietikäinen et al., 2000; Yin
et al., 2000; Kim et al., 2007; O’Neill et
al., 2009; Liang et al., 2010; Grossman
et al., 2010; Jin, 2010). Such changes
maywell have effects on nutrient cycles
(Steiner et al., 2008b) or soil structure
(Rillig and Mummey, 2006) and, thereby,
indirectly affect plant growth (Warnock
et al., 2007). Rhizosphere bacteria and
fungi may also promote plant growth
directly (Schwartz et al., 2006; Compant
et al., 2010). Changes in microbial
community composition or activity
induced by biochar may not only affect
nutrient cycles and plant growth, but
also the cycling of soil organic matter
(Wardle et al., 2008; Kuzyakov et al.,
2009; Liang et al., 2010). The material
properties of biochar are very different
from those of uncharred organic matter
in soil (Schmidt and Noack, 2000), and
are known to change over time due to
weathering processes, interactions with
soil mineral and organic matter and
oxidation by microorganisms in soil
(Lehmann et al., 2005; Cheng et al.,
2008; Cheng and Lehmann, 2009;
Nguyen et al., 2010). However, the
relationships between biochar chemical
and physical properties and their effects
on soil biota and potential concomitant
effects on soil processes are poorly
understood. The chemical stability of a
large fraction of a given biochar material
means that microorganisms will not be
able to readily utilize the C as an energy
source or the N and possibly other
nutrients contained in the C structure.
However, depending on the type of
biochar, a fraction may be readily
leached and therefore mineralizable
(Lehmann et al., 2009) and in some

cases has been shown to stimulate
microbial
activity
and
increase
abundance (Steiner et al., 2008a).
Many
soil
microorganisms
are
specialists living in microhabitats that
provide resources for their specific
metabolic needs. For instance, aerobic
microbes live at the surface of soil
aggregates, while denitrifiers and semiaquatic species dwell within the moist
interior of soil peds (Sexstone et al.,
1985). Organic matter decomposition
rates are higher at the surface of soil
aggregates than in the core of aggregates
due to higher influx of resources at the
surface (organic matter, moisture, and
O2). This is evident from depleted C
concentrations and C-to-N ratios, as well
as the oxidation of lignin phenols and
the
accumulation
of
microbial
polysaccharides at the aggregate surface
relative to the aggregate core (Amelung
and Zech, 1996). Similarly, the exterior
surfaces of biochar particles in the soil
are significantly more oxidized than the
particle interior or core (Lehmann et al.,
2005; Liang et al., 2006; Cheng et al.,
2008). This is due to sorption of organic
matter on the biochar surface and the
oxidation of the biochar C itself (Liang et
al., 2006), both biotically and abiotically
mediated via reactions with O2 (Cheng et
al., 2006, 2008). Similar to soil
aggregates, the preferential oxidation of
the biochar particle surface relative to
the particle interior implies a limited
diffusion of O2 to the interior of biochar
particles.
Such
differential
redox
conditions not only influence organic
matter oxidation but also metal
transformation.
Conclusion
Application of biochar to agricultural
land
for
soil
amelioration
and
agricultural productivity improvements
is not a new phenomenon. A number of
benefits have been identified within the
literature; biochar has been found to
improve agriculturally significant soil
parameters such as soil pH, cation
exchange capacity and soil water
holding capacity. Researchers have
found the increase in these performance
parameters has improved nitrogen use
efficiency and therefore crop productivity
in limited field trials. Further, biochar
has the potential to reduce greenhouse
gas
emissions
through
carbon
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sequestration, as well as potentially
decreasing methane and nitrous oxide
emissions from the soil. However, the
variable application rates, uncertain
feedstock effects, and initial soil state
provide a wide range of cost for
marginally improved yield from biochar
additions, which is often economically
impracticable. Long-term field research
focusing on an optimal combination of
nutrient use, water use, carbon
sequestration, avoided greenhouse gas
emissions, and changes in soil quality
and crop productivity is needed before
large-scale biochar application to soils.
The need for further clarity on
optimizing biochar application to various
crop yields is necessary if it is to gain
widespread acceptance as a soil health
manager.
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Acid soil management for sustaining higher crop productivity
Surendra Singh, FISSS
Department of Soil Science and Agricultural Chemistry
Institute of Agricultural Sciences
Banaras Hindu University, Varanasi 221005
Introduction
Soil acidity is a major constraint
for crop production. The production of
acid in soils is a natural process,
specially in the high rainfall areas. The
stagnation in crop productivity in acid
soil has been found due to deficiency of
several nutrients. At several place in
acidic soils of India, application of liming
has become necessary for sustaining
high crops yields, greater nutrients use
efficiency and enhanced profit. Efficient
soil
amelioration
and
nutrient
management methods are necessary for
crops susceptible to soil acidity To
achieve high benefits as well as crop
productivity, precise information on
management of acidic soil besides NPK
is necessary and is the national priority.
Distribution of acid soil
Acid soils are characterized by soil
pH which varies from strongly acidic (4.5
to 5.5) to extremely acidic (<4.5), low
cation exchange capacity and low base
saturation.
The
formation
and
distribution of acid soils depend upon
several
factors
like
temperature,
vegetation,
parent
material
and
hydrologic conditions etc. The various
process involved in the formation of acid
soils are laterization of varying degree,
podsolization in temperate and sub
temperate zones or intense base
leaching in light alluvial soils. The
lowest area under acid soils is covered
by laterites and latosols occurring in
Assam,
West
Bengal,
Jharkhand,
Orissa, Andhra Pradesh, Kerala, Madhya
Pradesh, Karnataka, Tamilnadu and
Maharastra. Acid Podsol soils mostly
occur in the Himalyan region while acid
alluvial soils are mostly formed in West
Bengal,
Assam and Bihar. Peat and marshy soil
are distributed in Assam, Kerela, coastal
tracts of Orissa, South east coast of
Tamilnadu and Trai region of UP and
Bihar. The acid soil (pH < 6.5) in India
occupy
approximately
90
million

hectares (M ha) of the geographical area
(Sharma an Sarkar, 2005). Acidic soils
below pH 5.5 occupy around 25 Mha of
arbal land. These soils are primarily
concentrated in the easterm part of the
country comprising, Assam, Jharkhand,
Orissa, West Bengal and North eastern
states (Arunachal Pradesh, Manipur,
Meghalaya, Mizoram, Nagaland, Sikkim
and Tripura) with sporadic distribution
in Himanchal Pradesh. In the northeastern region the acid soils below Ph
5.5 occupy 54 per cent of the total area
of the country. The toxicity of soil Al has
been recognized as one of the important
factor limiting the productivity of crops
on acid soils with pH less than 5.5.
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. The acid soils belonging to
groups red, laterite and lateritic have
developed under conditions of intense
weathering and leaching of bases
particularly calcium and magnesium
They not only suffer from the deficiency
of primary nutrient elements via; N, P
and K but also secondary nutrients (Ca,
Mg and S)and micronutrients (Zn, Cu, B
and Mo).
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 over liming 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
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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 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 liming
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, Groundnut, lentil and
Gram with 1/20th 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 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
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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 application
of 60 kg ha-1 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.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.
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PHYSICAL INDICATORS OF SOIL HEALTH FOR
AGRICULTURAL SUSTAINABILITY
H.S. Kushwaha
Professor, Department of Soil Science
College of Agriculture, G.B. Pant University of Agriculture & Technology,
Pantnagar-263145, U.S. Nagar (Uttarakhand)
kushwahahs@yahoo.co.in
Agricultural production systems have
been developed to meet the food, fiber
and feed needs of the growing human
population at the cost of natural
ecosystem. Sustainable agriculture is a
way of farming that integrates three
primary objectives viz. environmental
health, economic profitability, and social
and economic equity. It is expected that,
over time, sustainable agriculture will
meet human needs for food and fiber,
protect the natural resource base and
prevent the degradation of soil and
water
quality,
use
nonrenewable
resources
efficiently,
use
natural
biological cycles and controls, assure the
economic survival of farming and the
well-being of farmers, their families and
soil physical health. With increasing
demographic pressure coupled with
scarcity of soil and water resources,
sustainable
agriculture
is
not
synonymous with “low-input” or organic
agriculture. In some cases, low-input
system may be acceptable for a short
time, but in others like major food grain
crops it may not be acceptable at all. As
there is no alternative to agricultural
intensification in our country, we must
ensure using soil resources as per their
capability and adopting the practices
that improve soil quality and maintain a
favorable soil condition for plant growth
and environmental health. The soil
resources of India are enormous as 9,
out of 12 Soil Orders which describe the
soils of the planet earth, occur in India.
However, some of the soils have severe
constraints
towards
meeting
the
challenges of 21st century. Soil-related
constrains are especially severe in arid,
semiarid and hilly regions. Important
constraints are low soil fertility and
nutrient
depletion,
multi-nutrient
deficiency,
physical
degradation,
accelerated soil erosion and poor soil
health (Table 1). Apart from inherent

constraints, there are severe human
induced constraints particularly in
intensively cropped areas.
Mc Graw Hill Dictionary of Scientific and
Technical Terms defines HEALTH as a
‘State of dynamic equilibrium between
organism and its environment in which
all the functions of mind and body are
normal’. Drawing similar analogy, soil
health would imply as being ‘a state of
dynamic equilibrium between flora and
fauna and their surrounding soil
environment in which all the metabolic
activities of the former proceed optimally
without any hindrance, stress or
impedance from the letter.’
Table 1 : Soil resources of India and
soil related constraints (Velayutham
and Bhattacharya, 2000)
S.
N

Soil
order

Land
area,
M ha*

% of
the
total
area

1.

Alfisols

44.29

13.5

2.

Aridisol
s

14.07

4.3

3.

Entisols

92.13

28.0

4.

Inceptis
ols

130.37

39.8
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Soil-related
constraints
Weak soil
structure,
crusting,
compaction,
erosion by
water
Drought
stress,
nutrient
depletion,
wind
erosion,
desertificati
on,
secondary
salinization
Erosion,
nutrient
depletion,
low soil
organic
matter
Erosion, low
soil organic
matter,
nutrient
imbalance
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5.

6.

Mollisol
s

1.32

Ultisols

8.25

0.4

2.5

7.

Vertisol
s

27.96

8.5

8.

Histosol
s

0.002

-

9.

Others

9.67

2.95

Total

328.06

100

?
Erosion by
water,
nutrient
imbalance,
acidification
, P fixation
Massive
structure,
poor tilth,
drought
stress,
water
erosion
High
organic
matter
Poor
Soil
Physical
environment

The terms soil health and soil quality
are currently used interchangeably in
scientific literature and popular press.
In general, Scientists prefer soil quality
and
farmers
prefer
soil
health.
Alternative agriculture institutions such
as Rodale (PA) use soil quality and soil
health
without
qualification.
So,
Scientists favour the joint term soil
quality / health in the interest of
promoting communication, knowledge
sharing,
and
developing
an
understanding for managing soil quality
/ health by farmers and Scientists.

Table 2 : Strategies for sustainable
agricultural
management
and
proposed
indicators
of
crop
performance,
soil
quality
and
environmental health
S.
No.

Sustainability
strategy

1

Conserve soil
organic matter
through
maintaining soil C
and N levels by
reducing tillage,
recycling plant and
animal manures,
and /or increasing
plant diversity
where C inputs C
outputs

Direction/change in
organic matter levels
with time (visual or
remote sensing by
color or chemical
analysis),
Specific organic
matter potential for
climate, soil and
vegetation,
Soil and water
storage

2

Minimize soil
erosion through
conservation tillage
and increased
protective cover
(residue, stable
aggregates, cover
crops, green fallow)

Visual (gullies, rills,
dust, etc)
Surface soil
properties (topsoil
depth, organic matter
content/texture,
water infiltration,
runoff, ponding,
percent cover)

3

Balance production
and environment
through
conservation and
integrated
management
systems (optimizing
tillage, residue,
water, and
chemical use) and
by synchronizing
available N and P
levels with crop
needs during the
year

Crop characteristics
(visual
or
remote
sensing
of
yield,
color,
nutrient,
status, plant vigor,
and
rooting
characteristics),
Soil
physical
condition/compactio
n,
Soil and water nitrate
levels,
Amount and toxicity
of pesticides used

4

Better use of
renewable
resources through
relying less on
fossil fuels and
petrochemicals and
more on renewable
resources and
biodiversity (e.g.
crop rotation,
legumes, manures,
integrated nutrient
management,
integrated pest
management)

Input and output
ratios of costs and
energy,
Leaching losses/soil
acidification,
Crop characteristics
(as listed above),
Soil and water nitrate
levels

1. Possible Soil management practices
and indicators of crop performance:
The adoption of specific soil
management practices is often driven by
practical or economic considerations,
rather than the potential benefits of
improved soil quality for crop production
and the environment. Without a high
productivity, agricultural profitability is
difficult to achieve and sustain, but high
productivity does not necessarily ensure
environmental, economic or social
sustainability. On the other hand, there
may be cases in which soil management
practices developed to lower production
costs and reduce environmental impacts
resulted in improved crop performance
and sustained economic performance
(Table 2.) as reported by Mishra et.al.
2002.
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Two-pronged
strategy
for
achieving agricultural sustainability is
needed : i) preventing soil degradation
and ii) enhancing soil quality. Although
management options for both the
strategies may be similar, enhancing soil
quality
requires
information
on
threshold levels of soil properties specific
to soil functions. There is also a close
relationship between soil resilience and
threshold values which need to be
determined for restoring degraded soils.
2. Possible ways for assessing soil
health
for
sustainable
crop
production:
1. Identify key variables for establishing
baseline information to assess
impact later.
2. Develop
a
joint
action
plan
acceptable to farmers and other
stakeholders for implementation.
3. Understand the existing farming
systems, available resources, and
their patterns of utilization in the
study area.
Analyze the various stakeholders and
their roles in farming and related
activities of the study area.
4. Identify
constraints
to
and
opportunities for optimizing farmers’
productivity with special focus on
nutrient-related issues and soil
health
5. Examine option to help farmers solve
the problems/issues and exploiting
opportunities identified.
Soil quality indicates whether
soils are in good conditions for their
current use. The physical, chemical and
biological characteristics of different
soils vary a great deal and, therefore,
different soils are suited for different
uses. Soil quality is the "capacity of a
specific soil to function, within natural
or managed ecosystem boundaries, to
sustain plant and animal productivity,
maintain or enhance water and air
quality, and support human health and
habitation" . Scientific controversy has
surrounded the concept because soil
quality per se cannot be measured. It
must be assessed by evaluating various
quantitative and qualitative indicators.
Soil quality evaluation is complicated
because assessment must distinguish
between inherent and dynamic soil
quality. The inherent quality such as

texture, mineralogy etc., are innate soil
properties determined by the factors of
soil formation - climate, topography,
vegetation, parent material and time.
They help compare one soil to another
and evaluate soils for specific use. For
example, all else being equal, a loamy
soil will have a higher water holding
capacity than a sandy soil. The loamy
soil has higher inherent soil quality.
This concept is generally referred to as
soil capability. Map units descriptions in
soil survey reports are based on the
inherent properties of soils. However,
The dynamic quality, the more recently,
soil quality has come to refer to the
dynamic quality - defined as the
changing nature of soil properties
resulting
from
human
use
and
management.
3. Physical Indicators for soil health
The soil as a physical system
can be described in terms of bulk
density, aggregate size, porosity and
pore-size distribution, water content,
temperature, aeration and friability. All
these
physical
attributes
of
soil
influence plant growth through their
effect on soil water, soil air, soil
temperature and mechanical impedance
to
root
development
and
shoot
emergence. As is known that soil is a
natural body, synthesized in profile
formed from a variable mixture of
broken and weathered minerals and
decaying, organic matter, which covers
the earth in a thin layer and which
supplies, when containing the proper
amounts of air and water, mechanical
support and, in part, sustenance for
plants. One must look into reasons for
variation in the productivity of soils and
to find means of conserving and
improving this productivity.
The main attention be focused on
role of soil as a storage place for water
and air, a medium for root growth, and
anchorage for plants. A prime concern of
the farmer has been to prepare a
seedbed that would after least resistance
to
seedling
emergence
and
root
penetration, and ensure optimal supply
of air, water and nutrients to the plant.
Tillage has been considered as prime
tool to achieve these objective.
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Since tillage rapidly alters soil
structure, studies be focused on
improving soil structure for increasing
crop production. A good soil conditions
was characterized as one which would
after minimum resistance to root
penetration, permit rapid intake and
moderate retention of rainfall, provide
optimum soil aeration and optimum airwater balance in soil pares, provide
stable traction for farm implements and
facilitates
organic
farming
Tillage
deteriorates soil structure as a result of
reduced organic matter, base saturation,
porosity and granulation. However,
become of its dynamic nature, soil
structure can probably be regenerated.
Soil
characteristics
influencing
biophysical condition of soil are those
that affect mechanical strength, water
and temperature relations. Therefore,
efforts should made to relate plant
growth with soil water, soil air, soil
temperature, and mechanical impedance
to
seeding
emergence
and
root
penetration.
The physical properties of soils texture, structure, density, porosity,
water content, strength, temperature,
and color, determine the availability of
oxygen in soils, the mobility of water
into or through soils, and the ease of
root
penetration. Some of these
properties are immutable (e.g., texture)
and cannot be modified by cultural
practices, but bulk density, structure,
water holding capacity, and porosity can
be improved using appropriate soil
management techniques. Soil physical
characteristics, having a vital role in soil
productivity are considered are given in
Table 3.
Soil depth is an easily
measurable and independent property
that provides direct information about a
soil’s ability to support plants. Effective
soil depth is the depth available for roots
to explore for water and nutrients.
Layers that restrict root growth or water
movement include hard rocks, naturally
dense
soil
layers.
Soil
depth
requirements vary with crop or species.
For example, many vegetable crops, are
shallow rooted while grain crops and
some legumes like alfalfa are deep
rooted.

Table 3 : Physical indicators for soil
health
Aeration

Clay minerals

Aggregate
stability
Bulk density

Depth of root
limiting layers
Pore
connectivity
Oxygen
diffusion rate
Pore
size
distribution
Soil strength

Colour
Hydraulic
conductivity
Consistence

Penetration
resistance
Soil structure
Particle
size
distribution
Soil tilth
Total porosity
Temperature

These physical properties of a
soil
play
an important role in
determining its suitability for crop
production. The characteristics like
supporting power and bearing capacity,
tillage
practices,
moisture
storage
capacity and its availability to plants,
drainage, ease to penetration by roots,
aeration, retention of plant nutrients
and its availability to plants are all
intimately connected with the physical
properties of the soil. Soil as a medium
for plant growth should also be
physically fertile. The soil which
supports plants is a variable mixture of
solids (mineral and organic mixture),
liquid (water) and gasses (air) and is
called three phase system.
The inorganic solid phase is
composed of discrete mineral particles of
various shapes and sizes as well as of
amorphous
compounds
such
as
hydrated iron and aluminum oxides.
The proportion of amorphous material is
generally small. The large soil particles
are generally visible to the naked eye,
whereas the smaller are colloidal and
can be seen only with the aid of an
electron microscope. The liquid phase,
consisting of soil water also contains
dissolved salts and thus it is called soil
solution. The gaseous phase consists
soil air of varying composition of oxygen
and carbon dioxide different from that of
atmospheric air.
Major Physical Indicators of soil
health
a. Soil Texture
b. Soil Structure
c. Soil Porosity
d. Soil strength,
plasticity
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e. Soil moisture content and water
movement
f. Hydraulic Conductivity
g. Infiltration, percolation and drainage
h. Soil Moisture Tension
i. Soil Aeration
j. Soil Temperature
k. Ground water table, etc.
a. Soil texture as a physical indicator
for soil health
The relative proportion of mineral
matter in a soil expressed as sand, silt
and clay is referred to as soil texture. Soils
are often characterized in terms of the
proportions of particles of different sizes
perhaps because particle size is related to
soil behaviour and plant response.
Although many soil properties vary with
texture but none of the relationships are
universally applicable. At least two general
causes of this ambiguity could be
maintained. Firstly, soil particles of a
given size are not necessarily similar in
type and their characteristics. For
example, a soil with same percentage of
clay may differ in kind of clay and
therefore, in swelling, plasticity etc. We
know that montmorillonite is more plastic
than Kaolinite. Secondly swelling and
plasticity
are
also
dependent
on
conditions that are not inherent in
particle. For example, plasticity is highly
dependent on type of ion such as Na+,
Ca++, K+, H+ etc. and CEC.
Plant’s dependence on soil can be
recognized from the fact that out of the
six commonly recognized external factors
viz. light, mechanical support, heat, air,
water and nutrients soil supplies, either
wholly or in part, all except light. Pore
spaces formed by arrangement of soil
solids
and
particle
surface
area
accommodates roots through which
plants meet their requirements for
growth and development. Soil also offers
resistance against shoot emergence and
root penetration for which a number of
physical and biological manipulations are
necessary.
The soil texture may affect plant
growth directly through resistance offered
against seedling emergence and root
penetration but indirectly it affects
almost all edaphic factors of plant
growth.

Influence of texture on water
supply to plants is well known. In
general,
available
water
storage
capacity of medium to fine texture
soils is greater than those coarse
texture soils (Table 4).
Table 4 : Range of available water in
various soils
Soil texture
Coarse sands, fine sands
and loamy sands
Sandy loams and fine
sandy loams
Very fine sandy loam,
loams and silt loams
Clay loams, silty clay
loams and sandy clay
loams
Sandy clays, silty and clay

Centimeter of
available water per
meter of soil profile
6.2-10.5
10.2-14.4
12.5-19.5
14.4-20.6
13.5-20.6

In humid region, where rainfall is
sufficient to fill soils of all textures to
their capacity at certain intervals, the
amount of water available to plants will
be greater in fine texture soils than in
coarse texture soils. But in arid or semiarid regions, where the rainfall is of high
intensity and not sufficient to fill soils of
all textures to their capacity, the
amount of water available to plants
would depend on the rates of infiltration
and evaporation. Because of high
infiltration rate, soils of coarse texture
usually are superior to those of fine
texture under such conditions. Thus,
whereas soils of coarse texture are
draughty in humid regions, soils of fine
texture are droughty in dry regions.
Crop yields are generally higher
in soils of medium to fine texture than
in soils of coarse texture. However, all
crops do not respond to soil texture in
the same general way. Finances of
texture showed increase in yield of hemp
but not of soybeans. Observation
showed
that
nitrogen
deficiency
symptoms were not evident in soybeans
but were pronounced in hemp grown on
coarsest
texture
and
became
progressively less evident as the texture
became finer. The differences in supply
of soil nitrogen were perhaps the
principal cause of increase in yield of
hemp with fineness of texture. Thus it is
questionable to credit yield increase due
to texture alone because similar yields
could have been obtained if nitrogen was
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supplemented through other sources as
happened with soybeans which could
independently fix nitrogen is root
nodules from the atmosphere.
b. Soil structure as
indicator of soil quality

a

physical

Physically a soil is a mixture of
inorganic particles, decaying organic
material, water and air. The inorganic
primary particles of various sizes (sand,
silt or clay fraction) generally cluster
together to form complex and irregular
patterns of secondary particles which
are called aggregates at peds. The term
soil structure refers to the arrangement
of these primary and secondary particles
into a certain structural pattern. Soil
structure greatly influences many soil
physical processes such as water
retention and movement, porosity and
aeration, transport of heat etc. The
various soil management practices such
as tillage, cultivation, application of
fertilizer and manures, amendments and
irrigation etc., bring about changes in
soil structure that influences other soil
properties, thereby affecting root growth,
water and nutrient uptake, crop growth
and yield.

The soil structure can be
characterized by evaluating the shapes
and sizes and the strength of inter
particle bonds within and among
aggregates. Under field conditions such
aggregates form and break into smaller
aggregates during tillage and by
disruptive action of water and air. the
aggregates maintaining their identity are
those in which the cohesive forces
among particles were greater than the
disruptive
forces.
A
quantitative
characterization of aggregates is done by
determining aggregates stability and size
distribution of aggregates. The aggregate
stability refers to the resistance of soil
aggregates to breakdown by water , air
and mechanical manipulations. Tillage
operations at lower or higher water
contents greatly decrease the aggregate
stability and size distributions of
aggregates in a soil. The size distribution
of wet and dry aggregates determine
overall tilth, size of pores and
susceptibility of aggregates to movement
by water and wind. The stability of
aggregates is affected by different
amendments given in the field (Table 5)
as well as by adoption of various crop
rotations (Table 6).
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Effect of Plastic Mulch on Soil Properties and Plant Growth
Vijay Agrawal* and S.S.Baghel
Scientist
Deptt. Of Plant Pathology, College of Agriculture, JNKVV, Jabalpur (M.P)
Plastic Mulch is a similar product used as
organic mulch to conserve moisture and to
suppress weed growth in crop production.
Under plastic mulch, soil properties like
soil
temperature,
moisture
content,
aggregate stability, bulk density and
nutrient availability have been improved.
Plant growth and yield also positively
influenced by the plastic mulch due to the
modification of soil micro climate.
Mulching is the process or practice of
covering the soil surface around the plants
to make conditions more conducive for
plant growth through in-situ moisture
conservation, enhancement of microbial
activities in the root zone and weed
control. Mulching is in practice in the
region since ages in one or another form.
Generally farmers use straw, dry leaves,
hay, stones as mulching materials. This
implies that farmers of the region are
aware of the benefits of mulching.
However, introduction of the LDPE film as
mulch increases the efficiency of water use
by improved moisture conservation, soil
temperature and elimination of weed
growth thereby increase crop yield. It
accelerates plant growth by increasing the
soil temperature and stabilizing soil
moisture. Plastic mulches directly affect
the microclimate around the plant by
modifying the radiation budget of the
surface and decreasing the soil water loss.
Plastic mulch comes in several colours,
including red, white, black, yellow and
blue, each having distinct reflective
properties which affect plant growth. The
use of plastic mulches in conjunction with
drip irrigation increases the WUE
Soil temperature : Soil temperature
under plastic film are depend on colour of
plastic film. Usually black plastic film
mulched plots had sitnificantly lower soil
temperature (1 to 2.8 deg C) than the clear
plastic film mulched plots. Because much
of the solar energy abosorbed by black
plastic film mulch is lost to the
atmosphere through radiation and forced
convection (Schales and Sheldrake, 1963).

Nutrient availability :
The decomposition of organic
residues under plastic mulch adds organic
acids to the soil resulting in low soil pH,
which may increases the bio-availability of
micronutrients (Mn, Zn, Cu and Fe). This
was also evident from the increased Fe
and Zn content in soil under plastic much.
The mineral N content in soil is high due
to mineralization of organic N with time,
thereby; it increases the availability of soil
nitrogen. Breakdown of organic material
release soluble nutrients like NO3, NH4+,
Ca+, Mg2+, K+ and fulvic acid to the soil
intern
increases
the
oil
nutrient
availability under plastic mulch.
Reduced Leaching or Fertilizers :
Because many fertilizer nutrients are not
held tightly in the soil, rainfall and
excessive irrigation may leach them below
the roots of plants grown on bare ground.
Nitrogen, potassium, magnesium, and
some formulations of micronutrients are
subject to leaching, especially in light,
sandy soils. Plastic mulch covering the
bed (or portion of it) prevents rainfall from
percolating through the soil and moving
nutrients beyond the reach of plant roots.
Preventing leaching improves the efficiency
of production by eliminating the need to
make several trips through the field to
resupply leached nutrients, thereby saving
time, fuel, and fertilizer. In addition, it
helps prevent reduced quality and lower
yields resulting from (1) hidden hunger early stages of nutrient deficiency that
may harm plants even before they begin to
show symptoms and (2) Zag time - the
time from when plants first show
symptoms of a deficiency until nutrients
are replenished in the plant tissues.
Finally, minimizing the amount of leaching
into the soil helps protect groundwater from
fertilizer contamination.
Earlier Production : Probably the greatest
benefit of growing crops on plastic is
earlier production. Plastic mulch raises
the soil temperature, which helps plants
grow more quickly and mature earlier.
Spring vegetables grown on black plastic
can be harvested 7 to 21 days earlier than
they can be on non-plastic mulch.
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Harvesting one to two weeks earlier often
significantly increases market advantage
and the prices growers receive.
Fewer Weed Problem : Black, white-onblack, reflective, and wavelength-selective
mulches will reduce light penetration into
the soil. Weeds generally cannot survive
under the mulch. An exception is
nutgrass, whose nut-like tubers provide
enough energy for the seedling to puncture
the mulch and emerge. Clear plastic,
however, does not prevent weed growth
because light can penetrate it.
Increased Plant Growth : Plants grow more
with plastic mulch for two reasons. First,
soil temperature at the 2-inch depth is
increased by up to 10°F to 15°F under
mulch. Second, during growth, plant roots
take in oxygen and give off carbon dioxide.
Plant leaves require CO2, which they get
from the atmosphere. When plants are
grown on plastic, the CO2released from
roots accumulates under the plastic and
eventually escapes through the holes in
which the plants are growing. This
“chimney
effect”
increases
the
concentration of CO2to the leaves and
enhances plant growth.
Reduced Evaporation : Because of the high
degree of impermeability of plastic
mulches to water vapor, soil water
evaporative loss is reduced. Therefore, you
actually need less water per unit of
production.
The use of drip irrigation in conjunction
with plastic mulch reduces moisture
evaporation from the mulched soil and
decreases irrigation requirements (Hanlon
and Hochmuth, 1989). This has been
related to water savings of 45% compared
to overhead sprinkler systems (Clough et
al., 1987;Jones et al., 1977).
Improved Quality : Vegetables grown on
plastic mulch are cleaner and less subject
to rots because soil has not been splashed
on the plants or fruit.

The second or third crop can be fertilized
through the drip irrigation line (fertigation)
using soluble fertilizers and a fertilizer
injector (Clough et al., 1987; Marr and
Lamont, 1992).
Cleaner product : The edible product from
a mulched crop is clean and less subject
to rots, because soil is not splashed on the
plants or fruit. This is accomplished by a
raised bed that is firm and tapered away
from the row centre, and plastic mulch
that is stretched tightly to encourage water
runoff.
Insect and Disease control : Mulches with
aluminium or silver surface colours repels
the sucking pests like aphids and reduce
the incidence of aphid-borne viruses
(Lament et al., 1990). Yellow plastic film is
useful in reducing whitefly populations
(Bemisia tabaci) in young tomato and
chillie plants. The flies are attracted by the
yellow colour of the heated plastic as its is
exposed to the sun, when the plants are
small and the crop canopy does not shade
it. Soil solarization using transparent
plastic mulch in nursery soil as well as in
greenhouses has been suitable for control
of
soil
borne
diseases.
The
soil
temperature has been effective in reducing
the incidence of Fusarium, Verticilium and
Sclerotinia and significantly limiting the
presence of some weeds.
Conclusion
Under plastic much, soil properties like
soil temperature, bulk density, moisture
content and nutrient availability improved.
Plant growth and yield are also positively
influenced by the plastic much due to the
modification of soil microclimate. With
proper planning, attention to detail and
careful management of all aspects of the
cropping sequence, earlier and higher
yields are possible using plastic mulches.

Reduced Soil Compaction : Soil under the
plastic mulch remains loose, friable, and
well aerated. Roots have access to
adequate oxygen and microbial activity is
enhanced (Hankin et al., 1982).
Ability to double/triple crop : Once the
first crop has been harvested, a second
crop can be grown on the plastic mulch.
This “intensive cropping” produces two or
three crops from the annual expenses for
plasticmulch and drip irrigation tubing.
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Diagnosis and Mitigation of Zinc Deficiency for Sustainable Crop
Production and Human Health
S.K. Singh
Professor
Department of Soil Science & Agricultural Chemistry,
Institute of Agricultural Sciences B.H.U., Varanasi-221005
Micronutrients are essential for
plants, animal and human health.
Requirements of these nutrients are in
very small amount but are indispensable
like any other essential nutrients.
Decline in production of major crops is a
cause
of
concern
that
requires
immediate attention. Production of
adequate food grain from the finite land
resources to feed the burgeoning
population is a great challenge in the
years to come. The incidence of
micronutrients deficiencies in crops has
increased markedly in recent years due
to intensive cropping which is one of the
major factors limiting crop yield
accompanied with human and animal
health. Thus, micronutrient fertilization
for sustaining crop production assumes
importance because of the twin benefits.
It has now been well established that
quantum of micronutrients deficiencies
in Indian soils are of a tune of 49, 33,
12, 4 and 3 per cent for Zn, B, Fe, Mn
and Cu,respectively.
Among micronutrients, zinc has
assumed greater importance in recent
years. It is estimated that about half of
the agricultural soils of the world are
deficient in zinc leading to decreased
crop production and nutritional value.
Interestingly Zn deficient soils are
dominant in developing countries like
India where cereal based food low in zinc
contributes about 70% of the daily
calorie intake. This results in high zinc
deficiencies in animal and humans. Zinc
is essential for normal structure and
functioning of more than 300 enzymes.
World
Health
Organization
(WHO)
recommends 12-14 mg zinc as daily
dietary intake,45mgZn/day as the upper
limit and more than 150mg/day leads to
Zn toxicity .
Zinc is a trace element found in
varying concentrations in all soils,

plants and animals and it is essential for
the normal healthy growth of higher
plants, animals and humans. Zinc is
needed
in
small
but
critical
concentrations and if the amount
available is not adequate, plants and/or
animals will suffer from physiological
stress brought about by the dysfunction
of several enzyme systems and other
metabolic functions in which zinc plays
a part.
The essentiality of zinc for plants
was only scientifically established about
70 years ago and in some parts of the
world the existence of deficiencies has
only been recognized during the last 20
or 30 years. The relatively recent
discovery of widespread zinc deficiency
problems in rice and wheat is linked to
the intensification of farming in many
developing countries. This has involved
a change from traditional agriculture,
with locally-adapted crop genotypes and
low inputs of nutrients, to growing
modern, high-yielding plant varieties
with relatively large amounts
of
macronutrient
fertilizers
and
agrochemicals.
BIOFORTIFICATION
Micronutrient malnutrition is the
one among the most important global
challenges affecting more than half of
the world population, particularly in the
developing countries. According to a
WHO report (World Health Organization
2002), Zn deficiency ranks fifth amongst
the most important health risk factors in
developing countries and eleventh
worldwide. To alleviate the micronutrient
malnutrition several strategies are
adapted
including
pharmaceutical
supplementation, industrial fortification,
dietary
diversification
and
biofortification.
Historically, most interventions
have involved people taking zinc
supplements directly, or the addition of
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zinc to foods (‘food fortification’).
However,
these
approaches
are
expensive, difficult to administer and, in
many cases, they have not been
sustainable and have failed to reach all
the people at risk of zinc deficiency.
Biofortification (enrichment of grains
and pulses) having some advantages
over others can be achieved in two
different ways; either by plant breeding
(genetic biofortification), or by applying
zinc fertilizers to seeds, soil and/or
foliage, at rates greater than those
required for maximum yield, to increase
the uptake of zinc into the plants and its
translocation into seeds (agronomic
biofortification).If the crops themselves
are enriched with zinc, the grains and
pulses would enter the food chain
normally (and either be consumed, or
processed etc.) and the whole population
would benefit. From an agronomic
viewpoint, apart from improving dietary
intake, zinc-enriched grains generally
result in seedlings with increased vigour
and greater stress tolerance. Thus, with
seedlings having a greater chance of
survival and growing to maturity, it is
possible to reduce seed rates and,
consequently, reduce the cost of cereal
production.
ROLE OF ZINC IN PLANTS
 Zinc exerts an effect on carbohydrate
metabolism through its effects on
photosynthesis
and
sugar
transformations.
 Zinc may play a role in the
metabolism of starch because the
starch content, activity of the enzyme
starch synthetase, and the number of
starch grains are all depressed in zinc
deficient plants.
 The most fundamental effect of zinc is
through its involvement in the
stability and function of genetic
material.
 In plants, zinc is considered to play a
critical physiological role in the
structure and function of bio
membranes.
 Zinc is required for the synthesis of
auxin
(a
growth
regulating
compound-indole acetic acid, IAA).
ROLE OF ZINC IN HUMAN AND
ANIMALS
 A
review
of
a
number
of
investigations indicates that zinc

may be intimately involved in
protein, RNA, and DNA synthesis.
 A number of physiological processes
for which zinc is required and over
300 mammalian enzymes are zinc
dependent.
 Zinc is especially important during
periods of rapid growth, both pre
and post-natally, and for tissues
with rapid cellular differentiation
and turnover, such as the immune
system and the gastrointestinal
tract.
 Other critical functions that are
affected by zinc deficiency include
pregnancy outcome, physical growth,
susceptibility
to
infection
and
neurobehavioral developmen
FACTORS
AFFECTING
THE
AVAILABILITY OF ZINC IN SOILS TO
PLANTS
Zn deficiency can be caused by one or
more of the following factors:
• Small amount of available Zn in the
soil.
• Planted varieties are susceptible to
Zn deficiency (i.e., Zn-inefficient
cultivars).
• High pH (close to 7 or alkaline under
anaerobic conditions). Solubility of
Zn decreases by two orders of
magnitude for each unit increase in
pH. Zn is precipitated as sparingly
soluble Zn(OH)2 when pH increases
in acid soil following flooding.
• High HCO3- concentration because of
reducing conditions in calcareous
soils with high organic matter
content
or
because
of
large
concentrations of HCO3- in irrigation
water.
• Depressed Zn uptake because of an
increase in Fe, Ca, Mg, Cu, Mn, and
P after flooding.
• Formation
of
Zn-phosphates
following large applications of P
fertilizer. High P content in irrigation
water (only in areas with polluted
water).
• Formation of complexes between Zn
and organic matter in soils with high
pH and high organic matter content
or because of large applications of
organic manures and crop residues.
• Precipitation of Zn as ZnS when pH
decreases in alkaline soil following
flooding.
• Excessive liming.
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Wide Mg:Ca ratio (i.e., >1) and
adsorption of Zn by CaCO3 and
MgCO3. Excess Mg in soils derived
from ultrabasic rocks.
• Zn deficiency is the most widespread
micronutrient disorder in rice. Its
occurrence has increased with the
introduction of modern varieties,
crop intensification, and increased
Zn removal. Soils particularly prone
to Zn deficiency include the following
types:
• Neutral
and
calcareous
soils
containing a large amount of
bicarbonate. On these soils, Zn
deficiency
often
occurs
simultaneously with S deficiency
(widespread
in
India
and
Bangladesh).
• Intensively cropped soils where large
amounts of N, P, and K fertilizers
(which do not contain Zn) have been
applied in the past
• Sodic and saline soils
• Peat soils
• Soils with high available P and Si
status
• Sandy soils
• Highly weathered, acid, and coarsetextured soils containing small
amounts of available Zn. Soils
derived from serpentine (low Zn
content in parent material) and
laterite.
• Leached, old acid sulfate soils with a
small concentration of K, Mg, and Ca
 Higher concentrations of copper in
the soil solution, relative to zinc, can
reduce the availability of zinc to a
plant (and vice versa)
 In waterlogged soils, such as paddy
rice soils, reducing conditions result
in a rise in pH, high concentrations
of bicarbonate ions, sometimes
elevated
concentrations
of
magnesium ions and the formation
of insoluble zinc sulphide (ZnS).
MECHANISMS OF ZINC UPTAKE BY
PLANTS
Zinc appears to be absorbed by
roots primarily as Zn2+ from the soil
solution and its uptake is mediated by a
protein with a strong affinity for zinc.
•

The transport of zinc across the plasmamembrane was towards a large negative
electrical potential so that the process is
thermodynamically
passive.
This
negative electrical potential of the
plasma membrane is the driving force
for zinc by means of a divalent cation
channel
in
dicotyledons
and
monocotyledons
other than the Poaceae. In the Poaceae
non-protein
amino
acids
called
“phytosiderophores” form a complex
with zinc and transport it to the outer
face of the root-cell plasma membrane.
These phytosiderophores are released
from the roots as a result of iron or zinc
deficiency. This complex is then
transported to the cell via a transport
protein.
It has generally been recognized
that zinc is transported in the plant
either as Zn2+ or bound to organic acids.
Zinc accumulates in root tissues but is
translocated to the shoot when needed.
Zinc is partially translocated from old
leaves to developing organs.
CORRECTION OF ZINC DEFICIENCY
THROUGH
DIFFERENT
ZINC
SOURCES

 Organic Zn: Most organic wastes contain
small quantities of plant available zinc,
typically ranging from 0.01 to 0.05%.
 Inorganic Zn:
 Zinc sulphate is the most common Zn
fertilizer source, although use of Zn
chelates has increased.
 Because of limited Zn mobility in soils,
broadcasted Zn should be incorporated
well especially in fine textured and low
Zn soils.
 Foliar
Zn
application
is
also
recommended and is found to be more
effective than soil applied Zn.
 Damage to foliage can be prevented by
adding lime to the solution or by using
urea with zinc sulphate solution.
Comprehensive soil testing is
urgently needed to map the deficient
areas so as the problem of hidden
micronutrients deficiencies could be
tackled in advance to achieve the goal of
sustaining crop productivity and human
health.
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Micronutrient Application: Scaling up the production and storage quality of
onion
Akhilesh Tiwari
Senior Scientist (Vegetable Science)
Department of Horticulture, JNKVV Jabalpur
Introduction:
Onion is one of the most
important commercial vegetable crops
grown in India. It is an important crop
used raw, as a vegetable and spice all
over the world. It is a bulbous biennial
or perennial herb. Bulbs are formed by
the attachment of swollen leaf bases to
the underground part of stem vegetable
crops. It is grown in north as well as
South India. The most important onion
growing states are Maharashtra, Tamil
Nadu, Andhra Pradesh, Bihar and
Punjab. Characteristic flavor accounts
for its popularity. Onion are used as
salad and cooked in various ways in all
curries, fried, boiled, baked, used in
soup making, in pickles and for other
purpose.
Fungicidal
and
insecticidal
properties of onion are well established.
Dehydrated powder & flakes and
paste prepared out of onion provide rich
agro-industrial
base
for
these
commodities. This is one of the
vegetables which are exported. The
nutritive value of onion varies from
variety to variety. A general analysis is
given below (Per 100 gm of edible
portion):
Moisture

86.8 gm

Protein

1.2 gm

Fat

Nil

Minerals

0.4 gm

Fibre

0.6 gm

Other
carbohydrates

11.0
gm

Calories

49

Calcium

180
mg

Phosphorus

50 mg

Iron

0.7 mg

Riboflavin

0.01 mg

Thiamine

0.08
mg

Vitamin e

11 mg

Nicotinic acid

0.4 mg

Small sized onions are more nutritive.
The pungency in onion is due to a
volatile oil (Allyl propyl disulphide).
Importance of micronutrient
While much lower levels of
micronutrients are needed to satisfy
yield and quality onion crop production,

the correct balance of these trace
elements is essential. All micronutrients
play a role in seedling and leaf growth.
Without good leaf productivity, growth
slows and yield suffers. Leaf tissue
analysis to assess micronutrient need,
will enable deficiencies to be correctly
diagnosed and treated, and ensure that
onion production is maximized.
Role of Boron in Onion Production
Boron is involved with carbohydrate
metabolism and protein synthesis. It
also plays a key role in calcium
movement within the plant.
Boron and storage quality
Boron also influences storage quality on
onions. This could be associated with
the micronutrient’s role in improving
calcium accumulation in the bulb.
Boron effect at growth stages
Stage

Boron effect

Pre-Planting

Ensure good shoot
growth

Vegetative
Growth

Ensure
photosynthetic
growth is not
limiting

Bulb Formation

To maintain leaf
growth

Bulb Fill

To improve storage
quality and calcium
uptake

General guidelines for Boron
application
Boron
is
one
of
the
essential
micronutrients for onion production and
should not be limiting. While is quickly
taken up from the soil, it is relatively
immobile in the plant, so foliar sprays
are often more effective. It is important
to maintain the correct balance of
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calcium, nitrogen and boron in the soil.
High calcium and high nitrogen levels
can reduce boron uptake.
Boron deficiencies in onion
Young leaves develop yellow and green
mottling. Older leaves become yellow
and dieback. Light yellow lines appear
and develop into ladder-like transverse
cracks on the upper surfaces of older
leaves. They become brittle and deep
green in color. Plants can be stunted or
distorted. Deficiencies are most common
on low pH and sandy soils as it is readily
leached.

Zinc effect at growth stages
Stage
Pre-Planting
Vegetative Growth
Bulb Formation
Bulb Fill

Zinc effect
Ensure good shoot
growth
Ensure
photosynthetic growth
is not limiting
To maintain leaf
growth
Less critical, but to
maintain growth and
prolong bulking

General guidelines for Zinc
application
Zinc uptake can be restricted by
excessive use of phosphorus. Thus it is
important that zinc and phosphorus are
balanced, particularly during early
stages of growth.

Zinc deficiencies in onion
Deficient plants are stunted and have
twisted, outward bending leaves. Older
leaves take on an orange mottled
appearance. Younger leaves have a faint
chlorosis and yellow striping. Bulbing
can be delayed and crops may not store
well. Problems are more common on
high pH or calcareous soils or during
cold, wet weather.
Role of Manganese in Onion
Production
Manganese is required for chlorophyll
formation and oxide-reduction reactions
in cells. It is also involved in the
metabolism and synthesis of proteins.
Manganese effect at growth stages

Role of Zinc in Onion Production
Zinc is important for the development
and function of growth regulators (e.g.
auxin)
that
influence
internode
elongation. It is also involved in
chloroplast development and thus
important for photosynthesis.

Stage

Manganese effect

Pre-Planting

Ensure good shoot
growth

Vegetative
Growth

Ensure photosynthetic
growth is not limiting

Bulb Formation

To maintain leaf growth

Bulb Fill

Less critical, but to
maintain growth and
prolong bulking
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General guidelines for Manganese
application
As all other micronutrients, manganese
plays a role in seedling and leaf growth.
Without good leaf productivity, growth
slows and yield suffers.
Manganese deficiencies in onion
Onions
are
very
susceptible
to
manganese deficiency. The outer leaves
show striped interveinalchlorosis. This
develops into tip-burn and curling
leading to necrosis. Growth slows,
plants become stunted and bulb
formation is delayed. At maturity, bulbs
have a thick neck. Deficiencies are
worse on sandy soils and those with a
high pH. Intermittent deficiencies are
found in poorly consolidated seedbeds or
where soils are particularly dry.
Role of Copper in Onion Production
Copper has a key role to play in lignin
formation. It is also linked to chlorophyll
performance.

Copper effect at growth stages
Stage

Copper effect

Vegetative
Growth

Ensure photosynthetic
growth is not limiting

Bulb
Formation

To maintain leaf growth

Bulb Fill

For good skin quality

General guidelines for Copper
application
Adequate supplies of copper are
important for bulb skin and onion scale
development, as a result of the element’s
role in lignin production.

Copper deficiencies in onion
A tip of young leaves turn white and
twist into a corkscrew or bend at right
angles. Bulbs have thin, yellow outer
scales, are less solid, and are often
earlier maturing. Deficiencies are more
common on organic or sandy soils and
where excessive nitrogen rates have
been applied.
Role of Iron in Onion Production
Iron is associated with chlorophyll
formation and photosynthesis.

Iron deficiency
Iron deficiency (left), complete nutrition
(right)
Iron effect at growth stages
Stage

Iron effect

Vegetative
Growth

Ensure
photosynthetic
growth is not limiting

Bulb
Formation

To maintain leaf growth

Bulb Fill

Less critical, but to
maintain growth and
prolong bulking

General
guidelines
application

for

Iron

Applications of iron, such as foliar or
fertigation, can be used to increase early
leaf production and crop productivity.
Iron deficiencies in onion
Generally, onions appear insensitive to
iron
deficiency,
with
most
soils
supplying adequate levels of iron to meet
crop needs. Under extreme deficiencies,
leaves become completely chlorotic and
bleached.
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Role of Molybdenum in Onion
Production
Molybdenum is an important component
of nitrate reductase and thus involved in
nitrogen metabolism as well as the
synthesis of pigments and chlorophyll.
Molybdenum effect at growth stages
Stage

Molybdenum effect

Vegetative
Growth

Ensure photosynthetic
growth is not limiting

Bulb
Formation

To maintain leaf growth

Bulb Fill

Less critical, but to
maintain growth and
prolong bulking

General guidelines for Molybdenum
application
As
all
other
micronutrients,
molybdenum plays a role in seedling
and leaf growth. Without good leaf
productivity, growth slows and yield
suffers.
Molybdenum deficiencies in onion
Deficiency in new crops results in poor
crop emergence and seedling death. In
established crops, lack of molybdenum
leads to leaf tip dieback with wilted
tissue between the necrotic and healthy
areas. Problems are most common on
acidic or sandy soils with low organic
matters.
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INM: A key to improve and sustain soil health
Hitendra K Rai
Senior Scientist
Department of Soil Science & Agricultural Chemistry
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur

Introduction

The necessity for INM:

The high productivity levels to meet the
challenges of feeding the growing population
has been achieved during few decades of
recent past as a result of introduction of
high yielding inputs responsive crop
varieties, use of high analysis fertilizers and
improved pest management practices. In
long term, continuous use of high analysis
fertilizers leads to degradation of soil health
mainly because of excess mining of all
essential plant nutrients which necessitates
relooking the production system in terms of
soil health for sustaining the productivity.
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. Therefore,
a holistic approach of integrated nutrient
management (INM) by the application of
balanced nutrients amalgamated through
inorganic and organic sources needs to be
considered as a key for improving the soil
health and its sustainability to reverse the
trend of yield decline. It will improve the soil
health and sustainability and at the same
time also enhance the inputs (nutrient and
water)
use
efficiency
and
system’s
productivity. Therefore, integrated nutrient
management which involves integrated use
of organic manures, crop residues, green
manures
and
biofertilizers
etc
with
inorganic fertilizers could be considered as a
key for improving the soil health and
sustainability.

There is a need to accept a wider
concept of nutrients use including
inorganic fertilizers and organic sources
based on several altering circumstances
and developments which may be as
below:
 The need for a more rational use of
plant nutrient for optimizing crop
nutrition by balanced, efficient, yieldtargeted, site and soil specific
nutrient supply.
 A shift from use of inorganic
fertilizers to combination of inorganic
and organic sources of nutrients
obtained at on and off farm.
 A swing from supply of nutrients on
the basis of individual crop to
optimum use for a cropping systems
or crop rotation.
 A change of consideration for direct
effect of fertilization 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.
 Emphasis
on
monitoring
and
controlling useless 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 soil health management which
includes amelioration of problem soils
and consideration of crop resistance
against stresses
 An alteration from exploitation of soil
fertility to its improvement or at least
maintenance.
 A swing from the ignorance of onfarm and off-farm wastes to their
effective utilization through recycling.
A. Concept of INM
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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.
Practically a system of crop nutrition in
which nutrients need of plants are met
through a preplanned integrated use of
inorganic fertilizers, organic sources of
plant
nutrients
(green
manures,
recyclable wastes, crop residues, FYM,
vermicompost etc.), and bio-fertilizers.
The appropriate combination of different
sources of nutrients varies according to
the system of land use and ecologies,
social and economic conditions at the
local level. Integrated use of inorganic,
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.
B. Goals of INM: The key 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
green manures, 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.
C. 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:
1. 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 40-50
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.
2. 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 somewhere between 10 and
16 million tones. 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.)
Vermi-compost
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
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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.
3. 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 would add
substantial quantity of nutrients
upon incorporation in to the soil.
Green manures crop include such as
Sesbania, Cowpea, Sunhemp, 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.
4. 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 N ha-1 by
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 nonlegume 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 variable 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.

5. Leguminous crops: Crop rotation
involving
legumes
and
spatial
arrangement
of
crops
to
accommodate legumes aid in fixing
the atmospheric nitrogen in t he
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.

6. 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, chemical and
biological properties of the soil.
Management of crop residues is
either through of the following three
methods;
removal,
burning
or
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incorporation in soil. Burning is a
minor practice in India and burns
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 effects of
crop residue incorporation in rainfed
soils on yields of crops have been
widely reported.

7. Agro-industries: Agro–industries are
dependent on agriculture for their
raw material. The byproducts of
these agro industries can be utilized
as a source of organic manure for
improvement
of
soil
fertility.
Sugarcane is grown in 3.7 m ha in
India. An estimated 12 million tones
of trash, 5 million tones of bagasse
and 5 million tones of press mud can
provide substantial quantities of
nutrients and organic matter. Press
mud is a good source of organic
matter and phosphorus. Raw press
mud can be used as an amendment
in saline soil but composting it with
earthworm and bio-inoculants will
enhance its manorial value. Bagasse,
though a high carbon material, can
be good organic manure, when it is
combined with FYM or green manure
and applied to the field. Molasses
can be applied to saline-alkali soil
along with press mud as an
amendment. Coir pith is a byproduct
from coir industries. Raw and
composted coir pith (inoculated with
pleurotus spp. and 5 kg urea/t) is

presently used for increasing the
yield of crops (10-45%) and for
enhancing the soil moisture content
(Parle, 1968). Distillery sludge, an
agro-industrial waste, can also be
profitably utilized to the crop field for
one or two 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. Gypsum and
phosphogypsum
are
potential
sources for S and Ca nutrition of
plants grown in acid soils.
D. 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 Alfisols 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
Alfisols increase in organic matter
content of soil to 0.9 per cent from the
initial value of 0.55 per cent. In a longterm experiment on the Alfisols of
Bangalore highest finger millet yields
were maintained where FYM and
fertilizers were used in an integrated
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manner an excellent example of
enhancing rainfed finger millet grain
yield at Bangalore due to FYM and
fertilizer.
Green manure 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 green manure 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 green
manures crop especially when the
season is not favorable. However, green
manuring as an inter cropping practice
could find place in red soils. Green
gram grown in the inner space of
upland rice
and cowpea before
transplanting of medium land rice
turned 6 weeks later showed a benefit
equivalent to 30 kg N ha-1 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 Alfisols at
Bhubaneswar, 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.
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 saturation and inactive Al
3+, Fe 2+ and Mn 3+ in soil solution. For
efficient N fixation and thereby
increasing 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 is reported by several workers.
The response of 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 on Niger, groundnut,
mustard lentil, black gram and soybean
with S along with recommended dose of
N, P and 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
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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 20-30 kg N ha-1. Desal and
Konde (1984) from field trials in
Maharashtra 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 Das (1986) 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 enriching the soil fertility. Das et al
(1990) in five year rotation of castor
with sorghum, sorghum + pigeon pea
and green gram + pigeon pea in an
Alfisols of Hyderabad observed that
green gram + pigeon pea intercrop
system had a positive balance of 97 kg
ha-1
total
nitrogen
in
soil.
Comprehensive
study
on
the

contribution of legume crop in cropping
system has also been made recently by
Katyal and Das (1993).
E. Constraints in adoption in INM
1. Non- availability of INM
2. Difficulties in growing green
manure 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
F. 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 behavior of the
manures;
3. Nutrient balance/flow analysis vis-àvis
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
as component of INM in many cases;
6. Integrated Farming Systems (IFS)
approach needs to be encouraged for
sustaining livelihood in rural areas
particularly for small and marginal
farmers;
H. 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
replenishment 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 cannot replace the use
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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.
I. 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.
These
researches will lead to:
 Development of INM practices for
major crops
 Understanding the enhanced role of
organic manures in increasing input
use efficiency due to their favorable
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
institutions.
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 rainfed
agro-ecosystem.
The
nutrient
use
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,
green
manures,
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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1. Introduction
Herbicide resistance in weeds is a
worldwide
phenomenon,
and
the
number and frequency of resistant
biotypes have expanded in recent years,
particularly in developed countries
where herbicides are used intensively.
Currently the use of herbicides in India
is low. Yet wheat farmers particularly
where rice-wheat cropping system is
followed have been the victims of this
problem in the recent past. Continuous
use of isoproturon since the last 15 to
20 years to control Phalaris minor in
wheat has resulted in the development
resistant biotypes of the weed. This is
becoming
a
potential
threat
to
sustainability in rice-wheat cropping
system,
which
is
an
important,
widespread and most remunerative
cropping system followed in irrigated,
fertile north-western plains of India.
2. What is Herbicide Resistance?
Following
application
of
herbicides,
three
types
of
plant
responses
are
recognized
i.e.
susceptibility, tolerance and resistance.
Susceptibility is the lack of capacity to
withstand herbicide treatment so that
the plant is damaged by the herbicides.
Tolerance is the ability to continue
normal growth and function when
exposed to a potentially harmful agent,
generally due to differences in uptake,
translocation and metabolism of the
herbicide. Tolerance of course is dosedependent. At very high doses no plant
may
be
tolerant.
Definitions
of
resistance have been given by many
authors. Holt and LeBaron (1990)
opined that any definition of resistance
should have some relevance to
the
doses of herbicides recommended for
use in the field. Powles et al.(1997)
defined herbicide resistance as the
inherent ability of weed population to
survive a herbicide application that is
normally lethal to vast majority of
individuals of that species. Thus,

herbicide resistance is simply an altered
response to a herbicide by a species
which was earlier susceptible. It is
naturally occurring, irreversible and
heritable.
3. Cross , Multiple Resistance and Coresistance
Cross
resistance
is
a
phenomenon
whereby
following
exposure to an herbicide a weed
population
evolves
resistance
to
herbicide from chemical classes to which
it has never been exposed. Multiple
resistances are the phenomenon of
resistance to herbicides from more than
one chemical class to which a
population has been exposed (Holt et al.,
1993). Rubin (1991) considered that the
term cross-resistance should be used to
describe cases in which a weed
population is resistant to two or more
herbicides by the presence of a single
resistance mechanism For example
Common
cocklebur
resistant
to
chlorimuron may also be resistant to
imazaquin with the same mode of
action(ALS inhibitor) . In contrast
multiple resistance should be used in
case where resistant plants possess two
or
more
distinct
resistant
mechanisms.For
example
Common
waterhemp (Amaranthus tuberculatus)is
resistant to both triazine and ALS
inhibitor,which have two different mode
of action. However , when weed develops
resistance to both mixing partner
herbicides
of
a
mixture
applied
concurrently
called
co-resistance/
compound resistance. For example
Lolium rigidium developed resistance to
Amitrol
and
Atrazine
applied
concurrently.
4. Current Status of Herbicide
Resistant Weeds
In contrast to resistance to
insects, pests and pathogens, the
recognition of herbicide resistance in
weeds is a relatively recent one.
However, since the detection of a triazine
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resistant weed (Senecio vulgaris) in 1968
(Ryan, 1970), there has been a steady
increase in the number of resistant weed
species and classes of herbicides to
which
resistance
has
evolved.
International
Survey
of
Herbicide
Resistant Weeds in 1995-96 recorded
183 herbicide resistant weed biotypes in
42 countries. In 1997, there were at
least 61 weed species (43 dicotyledonous

and 18 monocot weeds) resistant to
triazine herbicides. In addition, at least
63 species had biotypes resistant to one
or more herbicides from 15 other
herbicide classes (Table 1). Today, over
315 biotypes belonging to 183 species
(110 dicots and 73 monocots) from 59
countries are resistant to herbicides
(http://www.weedscience.org.2007).

Table 1. Occurrence and distribution of herbicide resistant weed biotypes
Herbicide class

Year of
first detection

ACCase inhibitors

Number of
resistant weed
biotypes

Num
ber of
countries

1982

13

11

ALS inhibitors
Amides
Aminitriazoles

1986
1986
1986

33
2
4

11
2
2

Arsenicals
Benzonitriles
Bipyridiliums
Carbamates
Dinitroanilines
Phenoxyacetic acid

1984
1988
1976
1988
1973
1962

1
1
27
2
6
14

1
1
12
1
4
11

Unclassified
1988
Pyridazinones
1978
Substituted ureas
1983
Triazines
1968
Uracils
1988
(Modified from Holt et al.t 1993; Heap, 1997)
Herbicide resistance is a worldwide
phenomenon. Resistant weeds have
been recorded in most states of the USA
(49 biotypes), I most provinces of
Canada (22 biotypes), 18 European and
22 other countries. The most widespread
type of resistance, worldwide, is the
resistance to triazine herbicides. The
species in which resistant biotypes have
been detected most frequently are:
Amaranthus hybridus, A. retroflexus,
Kochia scoparia, Chenopodium album,
Senecio vulgaris, Solarium nigrum and
Poa annua.
The
predominance
of
triazine
resistant weeds was mostly due to the
widespread use and effectiveness of

2

1
14
61
2

2

3
12
20
1

atrazine for weed control in maize.
Triazine resistant weeds accounted for
about 70% of the documented cases of
herbicide resistance by 1983. With the
introduction of herbicides with new
mode of action, in the late 1970s and
early 1980s, the proportion has changed
as greater number of cases of evolving
resistance to these herbicides were
documented
(Table2).
Multiple
resistance
has
evolved
in
some
populations of Alopecurus myosuroides
in Europe (Moss, 1990; Kemp et al.,
1990) and numerous populations of
Lolium Hgidum in Australia (Hall et al.,
1994).
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Table 2. Global herbicide sales and cases of herbicide resistance
Herbicide group
Percentage of
Percentage of
herbicide sale in
resistance biotype
1994
(1997)
ALS inhibitors

17

18

Percentage of newly
reported cases of
resistance (from
1984-97
27

Triasines

12

32

16

Amide and phenyl ureas

16

9

12

ACCase inhibitors

5

7

9

Dinitronni lines

5

3

4

Bipyridiliums

4

15

15

Synthetic Auxins

4

8

6

Glyphosate

11

0.8

0.7

Others

26

6.2

10.3

Simple resistance and cross
labour shortase in India and in the
resistance could be managed with
world.
reasonable success in many countries,
Rice-wheat cropping system is an
usually by the use of alternative
important one in India food security
herbicides. However, multiple-resistance
system and is followed in about 14.5 M
ha. Littleseed canarygrass (Phalaris
is of particular practical concern
because it is complicated, intractable
minor) a grassy weed, morphologically
and least predictable, and resistance
similar to wheat plant in its vegetative
can occur simultaneously to most or all
phase and very competitive, has
herbicides options available to a grower.
established itself as number one pest in
5. Resistance of Phalaris minor to
wheat from sixties particularly where
Isoproturon in India
rice-wheat system is followed. Herbicide
The use of herbicide is quite low
isoproturon has been used most
in India. Among the pests the losses due
commonly for its control for more than
to weeds are highest in India. But the
15 years. However, from 1990 onwards
share of herbicide use is lower than that
there have been increased reports poor
of insecticides as opposed to that in the
control of this weed which was later
world (Table 3) However, in some regions
confirmed as development of resistance
the herbicides have been in use and
(Malik and Singh, 1996; Yuduraju and
popular since last 10 to 12 years but in
Singh, 1997).
future it is likely to increase due to
Table 3.Consumption pattern of pesticides in India and the world
Items
Percentage use (India)
Percentage use (World)
Insecticides
70
30.0
Herbicides
12
44.0
Fungicides
8
21.0
Others
10
5.0
Source: Bami (1996)
6.
Development
of
Herbicide
herbicide resistance. Factors which are
Resistance
generally
responsible
for
the
Over-reliance and continuous
development of herbicide resistance are
and repeated uses of a herbicide or
described as follows:
herbicides having same mechanism of
6.1 Initial Frequency
action in intensive agriculture or
It is generally believed that
horticultural systems involving crop
resistant genotypes exist in natural
monoculture, and minimum tillage have
plant populations in varying frequency.
been the major causes of occurrence of
The development of resistance on a field
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scale depends on the rate of increase in
the proportion of the resistant genotype
within a population. Repeated use of
same herbicide, or herbicides having
same mechanism of action, results in
killing of the susceptible biotypes
allowing
resistant
individuals
to
multiply. Thus, within a few seasons of
application the whole population is
dominated by resistant biotypes. The
initial number of resistant individuals in
a population will dramatically influence
the rate of development of resistance.
Darmency and Gasquez (1990) found an
average frequency of 3 x 10-3 triazine
herbicide resistant individuals in a
population of Chenopodium album and
Powles et al. (1997) reported an average
frequency of 1 x 10-2 diclofop-methylresistant individuals in a population of
Lolium rigidum.
6.2 Selection pressure
All factors / measures that will
result in better and efficient control of
susceptible weed population impose
high
selection
pressure
for
the
development of resistant population.
Application of herbicides having single
target site and specific mode of action,
longer soil residual effect, and frequent
application over several growing season,
without rotating or combining with other
type of herbicides, impose high selection
pressure (Holt and LeBarron, 1990). A
herbicide the controls 95% of the
susceptible population will result in
development of herbicide resistance.
6.3 Fitness
Fitness measures the potential
evolutionary success of a genotype that
combines
both
survival
and
reproduction. Resistant populations may
be less fit as in case of triazine resistant
weeds, more fit or remain unchanged as
compared to susceptible population.
This is assumed to be the general
phenomenon and an inning feature of
the
herbicide
resistance
trait.
Populations with higher ecological
fitness are cause for greater concern.
6.4 Seed bank in the soil
The seed bank in soil can exert a
strong buffering influence in delaying
appearance of resistance. For the
species in which seeds remain residual
in the soil seed bank, the appearance of
resistance will be delayed by the
continued recruitment of susceptible

individuals from the seed bank. Thus,
the importance of the buffer depends
mainly on the germination dynamics
and tillage or cultivation practices
followed. Minimum tillage is, therefore,
expected
to
encourage
faster
development of resistance as the
buffering of seeds (belonging to relatively
more susceptible population) buried
deep is prevented.
Among other factors, the mode of
inheritance of resistance, gene flow,
mode of pollination and levels of genetic
exchange with susceptible populations
are important. Most cases of herbicide
resistance are due to the action of a
single gene with a high degree of
dominance.
7. Herbicide Resistance Mechanisms
The resistance in weeds to
herbicides could be attributed & either
one
or
more
of
the
following
mechanisms:
7.1 Altered site of action
Herbicides inhibit or kill plants
by inhibiting or preventing a biochemical
reaction in the plant. The site at which
the herbicide exerts its influence is
called the biochemical site of action. The
binding site in resistant biotype is so
modified that the plant remains
unaffected. This mechanism is involved
in the resistance of weeds to most of the
triazines. acetelactate synthase (ALS)
inhibitors and dinitroaniline herbicides.
Triazine herbicides are primarily
photosynthesis
inhibitors
and
in
resistant biotypes, the loss of herbicide
binding ability occurs due to an
alteration of the binding site on the
thylakoid membrane of the chloroplast.
Site alteration results from a point
mutation in the chloroplast Pab a gene,
encoding herbicide-binding protein, due
to single base change of serine to glycine
at amino acid position 264 (Gronwald,
1994).
The
enzyme
acetolactate
aynthase (ALS) or acetohydroxy acetone
synthase (AHAS) catalyses the first
reaction in the production of branched
chain amino acids - isoleucine, leucine
and valine. The ALS in plants resistant
to ALS-inhibitor herbicides, such as
sulfonylureas or imidazolinones is
altered to make it less sensitive to
herbicides (Chaleff and Ray, 1984; Saari
et aL, 1990; Subramanian et al., 1990).
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Dinitroanline herbicides inhibit
the formation of microtubles and
thereby block mitotic cell division in
susceptible plants. An altered target site
was found in a biotype of Eleusine indica
which
is
highly
resistant
to
dinitroanilines.
Resistance
in
this
biotype is conferred by an altered form
of tubulin that results in microtubule
insensitivity
to
the
dinitroanilines
(Vaughn and Vaughan, 1990).
7.2 Enhanced metabolism
Rapid
degradation
and/or
conjugation of herbicides into non-toxic
or less-toxic forms are amongst the
major factors responsible for selectivity
of crops to most herbicides. Similar
mechanism is found to offer resistance
in many weeds as well.
Triazine-resistance in Abutilon
theophrostii has been attributed to
enhanced
herbicide
metabolism
(Gronwaid et al., 1989). The resistance
to chlorotoluron and isoproturon is
believed to be due to rapid degradation,
catalysed possibly by cytochrome P-450
monooxygenase.
Aryloxy
phenoxy
propionate (AOPP) herbicides, which
include diclofop-methyl and fluazifopbutyl,
and
substituted
1,
3
cyclohexanedione
(CHD)
herbicides,
including
sethoxydium
and
tralkoxydium are called graminicides as
they selectively control grassy weeds in
wheat and barley. These groups are
potent reversible inhibitors of plant
acetyl
co-enzyme-A
carboxylase
(ACCase), a biotin containing enzyme
found in Plastids. ACCase catalyzes ATP
and HCO3 dependent conversion of
acetyl Co-A to malonyl Co-A required for
synthesis and elongation of fatty acids
and number of secondary compounds.
Resistance to these groups of herbicides
in A. myosuroides - other weeds is due
to enhanced activity of a cytochrome P450 catalyzed detoxification system. In
Australia, in some populations of L.
rigidum resistance has been found to be
due to increased metabolism in the
plant (Christopher et al., 1991). In India,
studies made
on mechanism of
isoproturon resistance in P. minor
revealed that it was due to enhanced
metabolism (Singh et al.,1996).
7.3 Sequestration and compartmentation

by

Compartmentation may be either
storage of the herbicide or its

metabolites in the cell vacuole or their
sequestration in cells or tissue, away
from the site of action. One of the major
mechanisms of resistance to paraquat is
by
compartmentation,
though
alternative explanations such as rapid
enzyme detoxification have also been
suggested (Dodge, 1991). Similarly,
sequestration is also found in some
resistant biotypes of L. rigidum in
Australia (Holtum et al., 1991).
8. Herbicide Resistance Management
It is important to start managing
herbicide resistant weeds in initial
stages of detection itself; otherwise, it
will have serious consequences in a very
short span of time. Use of alternative
herbicides, having different chemistry
and
mechanisms
of
action,
is
recommended as a short-term measure.
In India, pre-emergence application of
pendimethalin @ 1.0 kg ha-1 and postemergence application of clodinofop,
fenoxaprop,
sulfosulfuron
and
tralkoxydim have been found to be very
effective in controlling the resistant
populations of P. minor. In some cases
resistant biotypes are more effectively
controlled by an alternative herbicide
than are susceptible plants. This is
known as negative cross resistance. The
effective management of herbicide
resistance in weeds lies in reducing the
selection pressure for evolution of
resistance. Therefore, the main focus
should be on modifying those factors
and practices which are responsible for
quicker evolution of resistance, such as
repeated and continuous use of same
herbicide/ herbicide class, monoculture
and reduced tillage.
The use of two or more
herbicides, having different mechanisms
of action when used in a mixture or in
rotation, reduces the selection pressure
for resistant biotypes and delays the rate
of evolution. The record of herbicide
resistant weeds reveals that few weeds
have
evolved
resistance
to
chloracetamides, diphenyl ether and
glyphosate despite extensive use of these
herbicides (Table 4). Therefore, these are
considered as low risk herbicides. On
the other hand, weeds have readily
evolved resistance to triazine, ALA
inhibitors, bipyrildyliums, phenylureas,
and ACCase inhibitors have great
propensity
for
development
of
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resistance, hence these should be used
cautiously.
Herbicides
having
low
residual activity in soil, applied as postemergence are ideal for reducing
selection pressure for resistant biotypes.
Application at higher rate and repeated
uses of same herbicides should be
avoided as far as possible.
8.1 Role of non-chemical methods
In modern agriculture, nonchemical methods have been ignored or
given a good bye. Age-old practices such
as crop rotation, tillage, inter cultivation
and intercropping have been forgotten.
In view of the adverse effect of
herbicides, it is heartening to note that
these practices are staging a comeback,
even in developed countries.
Crop rotation also facilitates
herbicide rotation. Many serious weeds
are always associated with specific
crops. Changes in planting time and
weed control measures can sometimes
have an adverse effect on the problem
weed. Crop rotation may also reduce the
overall usage of herbicides and extend
the feasibility of using a wide range of
herbicides. Crop rotation could be an
effective tool for Phalaris minor control
as the problem is evident mostly in ricewheat system. Investigations have
shown that changes in cropping in
either or both seasons would bring
about a drastic reduction in Phalaris
minor problem. But crop substitution
does not always impress farmers due to
a variety of reasons.
Other non-chemical methods of
weed control, such as stale seedbed
preparation, selection of competitive
crop / crop cultivar, modifying the time
of planting, optimum seed rate, better
crop husbandry and increased seed rate
could find place in a holistic approach in
management of weeds. These reduce the
over reliance on herbicides and thus the
resistance problem. Use of certified crop
seeds, and clean machinery will prevent
spread of resistant weed seeds or plant
materials (Shaner, 1995).
8.2 Integrated weed management
Integrated weed management
(IWM) is by far the most viable strategy
as it is based on the principle of using a
wide range of control methods in
appropriate combinations. In most of the
cases the resistance problem has been
solved by using alternative herbicides.

However, it is noticed that new
herbicides have greater propensity for
development of resistance (LeBaron,
1991; Shaner, 1995). Besides, discovery
of herbicides having new and unique
mode
of
action,
with
all
the
characteristics necessary for regulatory
and commercial success, is becoming
more difficult. The IWM strategies are
the only solution in case of multiple
resistance as it is the most complicated
one and in the worst cases virtually no
selective herbicide remains effective.
Thus IWM strategies involving physical,
chemical and biological methods, in an
integrated fashion, without excessive
reliance on any single method, can help
in successfully managing herbicide
resistance while maintaining farm
profitability and sustainability .For
example : summer deep ploughing +use
of weed free seed for sowing+ stale seed
bed +post emergence application of
fenoxaprop can dilute the resistance
against Phalaris minor in wheat.
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Indian
agriculture
has
gone
through major changes during the last
century. It has developed from a more or
less subsistence farming to a highly
intensive
agricultural
production
particularly after green revolution. It relies
heavily on the inputs of energy and other
resources and production has become
dependent on chemical pesticides and
commercial fertilizers. With an increase
pressure on farmland country wide,
farmers are facing global problem such as
soil erosion, wide spread deficiencies of
macro
and
micro
plant
nutrients,
salination, increasing pest problems.
Besides these, damages to human beings,
animals and nature from synthetic
chemical pesticides have become more
apparent
in
the
different
states
particularly in Punjab and Haryana.
Therefore, a change from high-input and
chemically intensive agriculture to a more
sustainable form of agriculture like
organic farming is not only desirable but
urgently needed to rectify the ill effects of
chemically
intensive
agricultural
production (Tandon, 1995; Stockdale et
al., 2000)
Organic
farming
is
a
new
agricultural production system trying to
work with the nature as much as possible.
It involves us of locally and naturally
available organic materials or agro-inputs
to meet out the need of the production
system without endangering our precious
natural resources. In organic farming, the
nutritional demands of crops are meet out

mainly through on farm organic wastes,
biofertilizers and green manure crops. In
the present article an endeavor has been
made to compile the available literature on
important green manures crops of India,
their potential in terms of biomass and
nutrients, techniques for harnessing the
maximum benefits from green manuring
and their complementary effects on crops
yields, physico-chemical properties of soil
and quality of agricultural produce.
What is green manuring ?
Green manuring is the practice of
growing lush plants on the site into which
you want to incorporate organic matter,
then turning (tilling, ploughing and
soading) into the soil while it is still fresh.
The plant material used in this way is
called a green manure (GM). Generally the
practice of green manuring is adopted in
two ways:
(a) In-situ green manuring: In this system
the short duration legume crops are
grown and buried in the same site when
they attain the age of 60-80 days after
sowing. This system of on-site nutrient
resource generation is most prevalent in
northern and southern parts of India
where rice is the major crop in the
existing cropping systems. The most
common green manure crops which are
grown for in-situ green manuring are
listed in Table 1

Table 1. Common legume crops for in-situ green manuring
S.No.
1

Common Name
Dhaincha
Sunhemp

Botanical Name
Sesbania aculeta
Sesbania rostreta
Crotolaria juncia

Growing season
Zaid / Kharif
Zaid / Kharif
Zaid / Kharif

2
3
4
5
6

Mung
Cowpea
Guar
Senji

Vigna radiata
Vigna unguiculata
Cyamopsis tetragonoloba
Melilotus alba

Zaid / Kharif
Kharif
Kharif
Rabi

7
8

Berseem
Khesari

Trifolium alexandrium
Lathyrus sativus

Rabi
Rabi
(Singh et al., 1992)
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Besides these, some weeds growing in the fields can be buried in the soil while they are
still fresh at the time of field preparation. The weeds which can be used for green
manuring along with the common legumes to cater the nutritional requirement of crops
under organic farming are presented in Table 2.
Table 2 . Mineral composition of certain weeds on dry weight basis
S.No.

Weed

1
2
3
4
5
6
7
8
9
10
11
12
13
(Gupta,

Amaranthus viridis
Cassia occidentalis
Chenopodium album
Cleome viscosa
Dactyloctenium aegyptium
Digitaria sanguinallis
Echinochloa crusgalli
Portulaca quadrifida
Solanum xanthocarpum
Trianthema partulacastrum
Eupatorium spp.
Parthenium hysterophorus
Eichhornia crassipes
2000)

Nutrient content (%)
P2O5

N
3.16
3.08
2.59
1.96
2.78
2.00
2.98
2.40
2.56
2.34
2.93
2.66
2.83

0.06
1.56
0.37
1.53
0.24
3.36
0.40
0.09
1.63
0.30
0.49
0.88
0.90

K2O
4.51
2.31
4.34
5.81
1.65
3.48
2.96
5.57
2.12
1.15
1.47
1.29
1.79

(b) Green leaf manuring: Green leaves and tender plant parts of the plants are
collected from shrubs and tress growing on bunds, degraded lands or nearby
forest and they are turned down or mixed into the soil 15-30 days before sowing
of the crops depending on the tenderness of the foliage or plant parts. The most
common shrubs/trees used for green leaf mauring are given below :
1
2
3
4

S.No.

Common Name
Subabool
Gliricidia
Wild daincha
Kranj

Botanical Name
Leucaena Leucocephala
Gliricidia maculata
Sesbania speciosa
Pongamia pinnata

Status of GM crops in India

Biomass potential of GM crops

At present only 6.7 million
hectares area is green manured which
accounts for 4.5 per cent of net sown
area (142 million ha) of the country
(Agril Ststistics, 2005). The practice of
green manuring is most common in rice
growing
states
like
A.P.,
U.P.,
Karnataka, Punjab and Orissa which
contribute 41, 16,11,6 and 5 per cent to
the total area under green manuring in
India respectively. Whereas, the share of
Gujrat (3%), M.P. (3%), Himanchal
Pradesh (2%) and Haryana (1.7%) is not
very encouraging and concentrated
effects are to be made out at all levels to
bring more area under green manuring
that too in irrigated areas if nutritional
need of organic farming is to be made.

The benefits deriving from green
manure crops are directly related to the
amount of biomass and nutrients added
in soil. Biomass production of green
manure crops varies widely according to
the
species
of
the
legumes,
environmental conditions, soil fertility
and crop management practices and age
of green manure crops (Palaniappan,
1992). According to the estimates of
Sigh et al. (1992), the Sesbania aculeta
and Crotolaria juncia have higher rate of
biomass production and both can
produce dry matter to the tune of 16.0
to 19.0 t/ha within a short period of 4560 days and on an average about
5.0t/ha dry matter can easily be
produced which is sufficient for meeting
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for ex-situ green manuring. Weeds like
out the nutritional demand of a crop
grown either in Kharif or rabi season.
Trianthema
portulacastrum
and
Parthinum hysterophorus are also found
Beside these, some weeds particularly
Eichhronia crassipes have maximum
abundantly in different habitat with
rate of biomass production and one can
better nutrient content and dry matter
get about 70 q/ha dry matter with in a
production to cater the need of the
period of 46-60 days and could be used
organic agriculture (Table 3 and 4).
Table 3. Nutrient compositions of common green manure crops and weeds on dry
basis
S.No.
1
2
3
4
5
6
7
8
9

Crop/weed

Major nutrients (%)*
N
P2O5
K2O
2.62
0.37
1.25
3.98
0.24
1.30
2.86
0.34
1.27
2.83
0.90
1.79
2.34
0.30
1.15
2.66
0.8
1.29
3.49
0.22
1.30
1.70
0.28
1.25
2.21
0.26
1.26

Sesbania rostrata
Sesbania speciosa
Crotolaria juncia
Eichhornia crassipes
Trianthema spp.
Parthenium hysterophorus
Gliricidia maculata
Cowpea residue
Mungbean residue

Nutrient content
Total micro nutrients (mg/kg)**
Zn
Fe
Cu
Mn
40
1968
36
210
50
480
44
110
30
1190
24
110
50
470
19
420
30
1992
19
200
70
470
19
160
30
550
19
150
-

* Singh et al (1992) and ** Gupta (2000), Savitri et al (1999)

Table 4. Biomass and nutrient potentials of different green manures and weeds
S.No.
1
2
3
4
5
6
7

Crop
Sesbania rostrata
Sesbania speciosa
Crotolaria juncia
Eichhornia crassipes
Trianthema spp.
P. hysterophorus
Gliricidia maculata

Dry matter
in 45-60
DAS (q/ha)
50.0
30.0
52.5
70.0
25.0
40.0
36.0

Palaniappan (1992) ; Singh et al. (1992)
Nutrient potential of GM crops

Almost all GM crops which are
used for in-situ or ex-situ green
manuring contains all the plant
nutrients which are essential for
completing the life cycle of any palnt
grown in community. Among the
different GM crops, dhainch (Sesbania
aculeta) and Sunhemp (Crotolaria juncia)
have higher accumulation of major and
micro nutrients on account of more
biomass production and better nutrient
composition compared to food legumes
which are inferior due to low contents of
nutrients coupled with less dry matter
production (Table 3&4). Water hyacinth
has great nutrient potentials and it
could contribute 198 kg N, 63.0 kg P2O5,
125.3 kg K2O and 350 g Zn, 3290 g Fe,
133 g Cu and 2940 g Mn when about 70
q/ha dry matter is added in the soil and
could serve as better source of plant
nutrients
through
ex-situ
green
manuring.

Nutrient accumulation
Major nutrients (kg)
Total micro nutrients (g)
N
P2O5
K2O
Zn
Fe
Cu
Mn
131.0
18.5
62.5
200
9840
180
1050
119.4
07.2
39.0
150
1440
132
330
150.2
47.3
93.9
262
2467
100
2205
198.1
63.0
125.3
350
3290
133
2940
58.5
07.5
28.7
75
4980
47
500
106.4
35.2
51.6
280
1880
76
640
125.6
7.9
46.8
108
1980
68
540

Techniques for harvesting the
benefits of green manuring
The maximum benefit from green
manuring can be obtained through
better knowledge of suitable sowing time
of GM crops, age or stage of GM crop for
burial and time interval between burial
and sowing of next crop.
(a) Sowing time of GM crops: Sowing
time of GM crops for in-situ green
manuring varies according to local
conditions and farming situations.
The green manures can be grown as
catch crop during summer season
particularly
in
irrigated
agroecosystem. The quick growing crops
like sunhemp and dhaincha etc. are
sown in month of April-May and
buries in the field in the month of
June and July before the planting of
main kharif crop. In rainfed areas as
well as in intensive farming areas,
the dhaincha is intercropped with
paddy in 4:1 row proportion,
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whereas sunhemp and cowpea are
intercropped in between the rows of
widely spaced crops like cotton,
maize and sugarcane and buried in
the soil when these crops attain the
age of 30-45 days with the help of
hoes or mould board plough. In
kharif fallow areas sunhemp, guar,
cowpea and dhaincha are sown in
June, July and buried in the soil
during
Ausgut-Spetember.
This
practice is most common in Punjab,
U.P., Rajasthan, Bihar and M.P.
(b) Stage of GM crop at burial :
Knowledge of time of burial of GM
crops is of utmost importance for
deriving maximum benefit from
green manuring. The chemical
composition of most plants changes
identically during growing season.
During early period of crop growth
its content of N, protein and water
soluble constituents are maximum,
while the amount of fiber, cellulose,
hemicelluloses, lignin and the C:N
ratio are also less. Therefore, tissues
of
immature
plants
usually
decompose
more
rapidly
as
compared to those of matured
plants. Singh et al (1992) reported
while
reviewing
the
nutrient
transformations in soils amended
with green manures that the green
manure crops are to be buried in the
soil when they are 2 months old and
two weeks delay in the incorporation
reduced their N content and
increased the C:N ratio, cellulose,
hemicelluloses and lignin contents.
(c) Time interval between burial of
GM and sowing of next crop:
Knowledge of time interval between
burial of GM crops and sowing of
next food crop for just to facilitate
the complete decomposition of the
turned in green matter is essential.
Ghose et al. (1960) reported from
their studies conducted at CRRI,
(Cuttack) that the time interval was
not so important when succulent
green manure crop of eight weeks age
was buried because transplanting of
paddy immediately after burying of
green manure crop was as good as any
other treatment. But it was necessary
to give the time interval of 4 – 8 weeks
before planting paddy when the GM
was 12 weeks of age.

Effect of green manuring on crop
yields
In most of the studies conducted
in different parts of the world, the crop
yields under organic management are
somewhat lower than conventional
systems.
In
developing
countries,
organic farming methods provided
similar outputs and income per labour
day to that of high-input systems using
inorganic fertilizers (Andrew and Hidka,
1998) In Sambalpur district of Orissa,
the studies of Patra et al. (2000) revealed
that there was reduction in the yield of
rice to the tune of 15-23 per cent due to
alone green manuring as compared to
100% recommended dose of NPK
through fertilizers which produced the
maximum yield (42.97 q/ha) of rice. In
Samastipur (Bihar), Thakur et al. (1999)
assessed the impact of green manuring
on yield of rice-wheat system and
reported that green manuring with
dhaincha significantly improved the
productivity of rice over other sources,
whereas residual effect of green
manuirng on succeeding wheat was
marginal. Nair and Gupta (1999) also
recorded 25% more yield of rice over nogreen manuring which produced only
34.94q/ha of rice at Pantnagar,
Uttranchal. Similar views were also
endorsed by Hemalatha et al. (2000) at
Madurai in Tamil Nadu
Effect of green manuring on soil
productivity
The physico-chemical properties
of soils are affected significantly due to
addition of organic matter in the form of
green manures particularly in plots
receiving green manuring through
Sesbania rostrata and Crotolaria juncia.
Consequently, marked improvement in
soil structures, infiltration rate, bulk
density and water holding capacity of
soil. It is evident from the results of
studies of Badanur et al. (1990) that
incorporation of subabool, sunhemp and
crop residues were equally effective in
increasing infiltration rate of soil while
the water use efficiency of sorghum was
increased significantly with the green
leaf manuring of sunhemp, subabool
and fertilizer application over crop
residues.
Aggregate
stability
and
porosity increased identically with the
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addition of organic inputs particularly
green manures and consequently it
improves the soil aeration and water
holding capacity of the soils under
organic management (Droogers et al.,
1996). Lower rates of runoff and soil
erosion have also been reported under
organic systems (Logsdon et al., 1993;
Reganold et al.,1987). On the contrary in
several studies no change in the
physical properties of soil have been
observed when managed organically or
conventionally (Niggli et al., 1995)
The
changes
in
chemical
properties of soil could be predicted well
through the nutrient budget. The results
of several studies showed that nitrogen,
phosphorus and potassium, organic
carbon etc. ranged from deficit to
surplus in organic farming systems
(Fagerberg et al., 1996; Nguyen et al.,
1995 and Hemalatha et al., 2000). Green
manuring under submerged conditions
markedly
increased
Fe
and
Mn
concentration and partial pressure of
CO2 and decreased pH, Eh and Zn in
soil solution. The increase in Fe and Mn
concentration
attributed
to
the
formation of complexes of Fe2+ and Mn2+
with organic acids produced during
anaerobic
decomposition
of
green
manure and also due to sharp decrease
in Eh and pH and increase in partial
pressure of CO2 (Sadana and Chahal,
1995; Sadana and Nayyar, 2000).
Effect of green manuring on product
quality
There is no clear-cut scientific
evidence with some studies showing
increases in vitamin C, minerals and
proteins (Lampkin, 1990) because these
are controlled by a complex of
interaction in added manures and
fertilizers. Therefore, it is difficult to
distinguish
the
effects
of
the
environment and farming systems on
quality of crop products. Studies of
Starling and Richards (1993) showed
that organic wheat had lower protein
levels compared to conventionally grown
crops. Results of studies conducted at
Madhurai in Tamil Nadu have also
indicated that incorporation of Sesbania
12t/ha increased the optimum cooking
time, total amylose content, crude
protein in rice and reduced the gruel
loss (%) of grain Hemalatha et al., 2000.
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Impact of continuous cropping with fertilizer and manure application
on soil fertility and crop productivity
A.K. Dwivedi
Principal Scientist
Department of Soil Science & Agricultural Chemistry, JNKVV, Jabalpur

Soil

fertility is one of the key
components to determine productivity.
Proper management of soil fertility
demands
careful
identification
of
constraints of current nutrient status
with monitoring the changes in soil
fertility so as to sustain food production
at a reasonable level to ensure
continued high productivity in the
future. Thus, maintenance of optimum
fertility vis-à-vis nutrient management
at optimum level is one of the key
factors
in
activating
high
and
sustainable productivity. (Dwivedi et al ,
2005). With the advent of sustainable
agriculture concept the sustainability of
soil productivity has now looked into
more in areas where dependence on
agrochemicals and fertilizers have
sharply increased for crop production.
So the current concept of soil health
monitoring is a subject of vital concern
for not only the soil fertility and
productivity factors but also other
aspects responsible for the soils welfare
(Tomar and Dwivedi, 2007). On the
other hand, stagnation to productivity
has been observed due to long term
cultivation and imbalance use of plant
nutrients, which deteriorate the quality
of soil (Tomar and Dwivedi 2008). A
major component of sustainable land
use is to sustain the productivity and
improve the soil quality. Assessing the
soil health indicators (soil properties) is
usually linked to soil factors. Several
indicators
have
been
suggested
reflecting changes over various spatial
and temporal scales. Improved soil
quality
often
is
indicated
by
improvement on physical, chemical and
microbiological soil environment (Singh,
et al, 2012).
Agricultural
production
becomes
imperative for establishment of the
relationships between crop productivity,
use of plant nutrients and soil
characteristics. What farmers need?

to know is how much and which plant
nutrients they should supply to provide
the optimum economic increase in yield
without damaging the soil environment
(Thakur et al 2011b). The answer
depends on the soil test based
recommendation for the specific farming
system. Increased attention is now being
paid to developing such a Plant
Nutrition Systems
that maintain or
enhance soil productivity through a
balanced use of mineral fertilizers
combined with organic sources of plant
nutrients, including biological nitrogen
fixation (Singh et al, 2012). Integrated
nutrient management is only option to
motivate the farming community which
may consequently improve both soil
productivity and crop yields. The works
of AICRP on LTFE is repertory for the
parameters concern to soil productivity
and crop yields.
The challenges for plant nutrition
management are aimed to maintain
sustainable crop productivity to enhance
the quality of soil and water resources.
Crops inevitably remove plant nutrients
from the soil. Consequently, if a
cropping system is to be sustainable,
these nutrients have to be replaced by
whatever sources are available. The loss
of soil fertility from continual nutrient
mining by crop removal without
adequate replenishment, combined with
imbalanced plant nutrition practices,
poses a serious threat to soil fertility and
agricultural production. Hence,, the use
of external sources such as mineral
fertilizers and organic manures etc is
essential to meet crop requirements and
to increase crop production in farming
systems (Singh, et al, 2012).
Crop
Productivity:
Continuous
cropping without adequate restorative
practices
may
endanger
the
sustainability of
Agriculture. Nutrient
depletion is a major form of soil
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degradation. A quantitative knowledge
on the depletion of plant nutrients from
soils helps to understand the state of
soil degradation and may be helpful in
devising
nutrient
management
strategies. Nutrient-balance exercises
may serve as instruments to provide
indicators for the sustainability of
agricultural systems.
Studies have
been undertaken suggested that a wide
spread occurrence of nutrient mining
and soil fertility decline has been
reported. Most nutrient-balance studies
also provide rapid findings, based on a
short
time-frame
exercise,
and
necessarily depend on a number of
assumptions
relating
to
system
dynamics. In this regards the findings
on impact of
four decades of
continuous use of fertilizer on crop
productivity and soil fertility of black soil
is monitored under AICRP on LTFE at
Jabalpur. The lowest crop productivity
of Soybean ( Fig- 1) and wheat ( Fig -2)
was recorded in control (T10) and it was
found to be increased by around 30%
due to use of N alone (T7) thus
application of optimal dose of N alone
may not be an economic preposition for
obtaining
high
crop
productivity.
However, when P was also included in
Fig 1 : Impact of continuous use of
fertilizer on crop productivity of Soybean

caused an increase in crop productivity
indicating the importance of K as
suggested by Chouhan et al 2011
Thakur et al (2011 a). Increasing levels
of NPK application had resulted in
increased crop productivity as 12 %, 15
%A and 197% increased was observed
over control due to the application of
50% NPK, 100 % NPK and 150 % NPK
application respectively. The difference
between 100% and 150 % NPK
treatment were very marginal which
could be due to the fact that higher level
of fertilizer application could have
resulted in higher demand of other
nutrients (micro nutrients) which might
have remained un fulfilled causing a
constraint on crop productivity. Data
shows at the optimal dose of fertilizers is
used in conjunction with FYM increases
the crop productivity indicating the
beneficial effect of organic manure,
which not only contribute plant
nutrients but also help in creating
favorable soil environment for crop
growth due to its effect on soil physical
properties. Deletion of S in the fertilize
schedule had resulted in 11% decrease
in crop productivity over its inclusion
(T2) this clearly brings about the
importance of S in plant nutrition and
also crop productivity similar results
have been reported by
Dwivedi et al
2002.
Fig 2 : Impact of continuous use of fertilizer
on crop productivity of Wheat

fertilizer schedule (i.e. 100% NP) the
crop productivity increased by 127 %
over control and 75 % over 100 % N
alone. These findings indicated the
importance of Pin crop productivity in
Soybean-Wheat
cropping
sequence
followed in this region as both the crops
are heavy feeder of P. Responses to P
application by Soybean and Wheat have
also been recorded by Bhatnagar et, al.
(2011). Further inclusion of K in the
treatment (100 % NPK v/s 100 % NP)

Soil Fertility: The date on available NPK
contents in soil (table-1) clearly indicate
that cultivation of crops without
addition of fertilizers and manure
resulted in marginal increased in
available N and P content of soil but had
caused substantial lowering of available
K and S contents, which indicates
deterioration in soil health. Similar
findings of fertilizer addition on soil
health have been reported by Dwivedi et
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al, (2005) , Thakur et al, (2010) and
Thakur et al, (2011b). However,
balanced use of fertilizers either alone or
in combination with manure had helped
in strengthening the N and P status of
soil. Since removal of K by crops was
higher resulted in substantial lowering
in available status of K. the magnitude
of lowering was however low as
compared other treatments. These
findings indicate that use of balanced
fertilizer either alone or in combination
with organic manure is conductive for
maintaining soil health as reported by
Dwivedi and Dixit, 2002 Thakur et al,
Thakur et al, 2010, 2011a Thakur et al,
2011 b. The data clearly indicate that
there is need for upward revision of the
doses of K that is being applied to the
crop Sawarker et al (2013). On the other
hand lowering in available S status of
soil in N P K without S treatment
indicates that use of sulphur free
fertilizer will have deleterious effect on
soil health especially of sulphur fertility
(Dwivedi et al, 2009).
Management of fertility of the soil
Restoring, maintaining and increasing
the fertility of the soil are major
agricultural priorities, particularly in the
many parts of the country where soils
are inherently poor in plant nutrients,
and the demand for food production is
increasing rapidly. In such areas, there
is a need to intensify the crop
production to meet demand for food
without using former land fallow
practices. A fertile soil provides a sound
basis for flexible food production
systems that, within the constraints of
soil and climate, can grow a wide range
of crops to meet changing needs. IPNS is
used to maintain or adjust soil fertility
and plant nutrient supply to achieve a
given level of crop production by
adopting the following measures:
 Promote the balanced use of fertilizers
combined with organic and biological
sources of plant nutrients in improving
the efficiency of fertilizer, thus limiting
losses to the soil environment
 Identify a better understanding of the
role of plant nutrients for maintaining
soil productivity in securing the
sustainability of agriculture.

 Formulate
recommendations
for
fertilizers based on soil test, production
goals and strategies within specific agro
ecological management ,
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Table 1 : Impact of continuous use of fertilizer on changes in status of soil fertility
pH

EC
(dSm-1)

OC
(g kg-1)

Av. N

Av. S

Av. Zn
(mg kg-1)

50% NPK

7.52

0.14

5.58

222

23.1

251

22.5

0.51

100% NPK

7.57

0.17

7.67

289

34.2

278

35.5

0.56

150% NPK

7.60

0.20

8.76

325

42.2

304

42.2

0.59

100% NPK + HW

7.55

0.17

7.62

265

32.7

257

32.1

0.54

100% NPK + Zn

7.61

0.17

7.66

278

33.1

261

34.1

1.29

100% NP

7.57

0.19

6.72

261

29.7

232

31.1

0.52

100% N

7.48

0.15

5.26

206

11.5

196

13.1

0.42

100% NPK+FYM

7.57

0.19

9.90

351

44.6

349

45.9

0.93

100% NPK - S

7.59

0.17

7.27

260

30.7

254

13.7

0.46

Control

7.56

0.14

4.20

180

9.6

183

12.8

0.27

CD (P=0.05)

NS

NS

0.65

7.23

7.78

7.42

7.29

0.06

Initial (1972)

7.6

0.18

5.7

193

7.6

370

15.6

0.33

Treatment

Av. P

Av. K

(kg ha-1)
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Soil Pollution, its causes and remidial measures for
sustaining soil health
B.L.Sharma and G.D.Sharma
Department of Soil Science and Agricultural Chemistry
J.N.Krishi vishwavidyalaya, Jabalpur-482004 (M.P.)
Over the last three decades there has been
increasing global concern over the
public health impacts attributed to
environmental pollution, in particular,
the global burden of disease. The World
Health Organization (WHO) estimates
that about a quarter of the diseases
facing mankind today occur due to
prolonged exposure to environmental
pollution. Most of these environmentrelated diseases are however not easily
detected and may be acquired during
childhood and manifested later in
adulthood.
Improper management of solid
waste is one of the main causes of
environmental pollution and degradation
in many cities, especially in developing
countries. Many of these cities lack solid
waste regulations and proper disposal
facilities, including for harmful waste.
Such waste may be infectious, toxic or
radioactive.
Municipal waste dumping sites
are designated places set aside for waste
disposal. Depending on a city’s level of
waste management, such waste may be
dumped in an uncontrolled manner,
segregated for recycling purposes, or
simply burnt. Poor waste management
poses a great challenge to the well-being
of city residents, particularly those living
adjacent the dumpsites due to the
potential of the waste to pollute water,
food sources, land, air and vegetation.
The poor disposal and handling of waste
thus
leads
to
environmental
degradation,
destruction
of
the
ecosystem and poses great risks to
public health.
Soil is one of the important and
valuable resources of the nature. Life
and living on the earth would be
impossible without healthy soil. 95% of
human food is derived from the earth.
Making plan for having healthy and
productive soil is essential to human

survival.
Entrance
of
materials,
biological organisms or energy into the
soil will cause changes in soil quality.
This problem causes soil to remove from
its natural state.
Human and ecological systems
rely on soil for the provision of water
and nutrients for plant growth, the
regulation of the water cycle and the
storage of carbon. Climate change and
its impacts — increases in temperature,
changing precipitation patterns, floods,
droughts — will not only affect us but
may also affect how soil provides these
services. Importantly soil is a major
factor in our response to tackling
climate change as it is the second
largest carbon pool after the oceans.
Climate change is expected to
have an impact on soil. However, the
interrelations between climate change
and changes in soil quality are complex
and still under study. As a consequence
predictions, which are based on
hypothetical
scenarios
and
data
obtained under controlled conditions,
are
still
more
qualitative
than
quantitative. But, it is clear that tackling
climate change cannot be done without
a
better
understanding
and
management of our soils.
What is pollution?
The word pollution is derived from Latin
word “POLLUTIONEM” which means to
make dirty. The pollution is defined as
the
harmful
changes
in
natural
environment of air, water and soil
caused by anthropogenic activities.
Different Types of Pollution
 Soil Pollution

Air pollution

Water pollution

Noise pollution

Industrial pollution

Environmental pollution
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Environmental Pollution
Environmental pollution is a phenomena
where natural ingredients are replaced
or damaged by the presence of harmful
unnatural ingredients which have
potentiality to cause imbalance to the
system and to create number of health
hazards to animals and human beings.
One of the greatest problems that the
world
isfacing
today
is
that
of environmental pollution, increasing
with every passing year and causing
grave and irreparable damage to the
earth.Environmental pollution consists
of five basictypes of pollution, namely,
air, water, soil, noise and light.
Air pollution is by far the most harmful
form of pollution in our environment. Air
pollution is cause by the injurious
smoke emitted by cars, buses, trucks,
trains, and factories, namely sulphur
dioxide, carbon monoxide and nitrogen
oxides. Even smoke from burning leaves
and cigarettes are harmful to the
environment causing a lot of damage to
man and the atmosphere. Evidence of
increasing air pollution is seen in lung
cancer, asthma, allergies, and various
breathing problems along with severe
and irreparable damage to flora and
fauna.
Even
the
most
natural
phenomenon of migratory birds has
been
hampered,
with
severe air
pollution preventing them from reaching
their seasonal metropolitan destinations
of centuries.
Chlorofluorocarbons (CFC),
released
from
refrigerators,
air-conditioners,
deodorants and insect repellents cause
severe
damage
to
the
Earth’s
environment.
This gas has slowly
damaged the atmosphere and depleted
the ozone layer leading to global
warming.
Water pollution caused industrial waste
products released into lakes, rivers, and
other water bodies, has made marine life
no longer hospitable. Humans pollute
water with large scale disposal of
garbage, flowers, ashes and other
household waste. In many rural areas
one can still find people bathing and
cooking in the same water, making it
incredibly filthy. Acid rain further adds
to water pollution in the water. In
addition to these, thermal pollution and

the depletion of dissolved oxygen
aggravate
the
already
worsened
condition of the water bodies. Water
pollution can also indirectly occur as an
offshoot of soil pollution – through
surface
runoff
and
leaching
to
groundwater.
Noise pollution, soil pollution and light
pollution too are the damaging the
environment at an alarming rate. Noise
pollution include aircraft noise, noise of
cars, buses, and trucks, vehicle horns,
loudspeakers, and industry noise, as
well as high-intensity sonar effects
which are extremely harmful for the
environment.
Acid Rain
"Acid rain" means the deposition of
acidiccomponents such
as
sulphur
dioxide (SO2) and nitrogen oxides, that
is, sulphuric acid (H2SO4), ammonium
nitrate (NH4NO3) and nitric acid (HNO3)
in rain, snow, fog, dew, or dry
particles. Acid rain was first reported in
Manchester, England.
Soil Pollution
The soil pollution is defined as the
deterioration of physical, chemical and
biological properties of soil which have
adverse effect on crop production,
human and animal health [2].
Causes of Soil Pollution
1.
Industrial
Activity: Industrial
activity has been the biggest contributor
to the problem in the last century,
especially since the amount of mining
and manufacturing has increased. Most
industries are dependent on extracting
minerals from the Earth. Whether it is
iron ore or coal, the by products are
contaminated and they are not disposed
off in a manner that can be considered
safe.
As
a
result,
the industrial
waste lingers in the soil surface for a
long time and makes it unsuitable for
use.
2. Agricultural Activities: Chemical
utilization has gone up tremendously
since technology provided us with
modern pesticides and fertilizers. They
are full of chemicals that are not
produced in nature and cannot be
broken down by it. As a result, they seep
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into the ground after they mix with
water and slowly reduce the fertility of
the soil. Other chemicals damage the
composition of the soil and make it
easier to erode by water and air. Plants
absorb many of these pesticides and
when they decompose, they cause soil
pollution since they become a part of the
land.
3. Waste Disposal: Finally, a growing
cause for concern is how we dispose of
our waste. While industrial waste is sure
to cause contamination, there is another
way in which we are adding to the
pollution. Every human produces a
certain amount of personal waste
products by way or urine and feces.
While much of it moves into the sewer
the system, there is also a large amount
that is dumped directly into landfills in
the form of diapers. Even the sewer
system ends at the landfill, where
the biological waste pollutes the soil and
water. This is because our bodies are
full of toxins and chemicals which are
now seeping into the land and causing
pollution of soil.
4. Accidental Oil Spills: Oil leaks can
happen during storage and transport of
chemicals. This can be seen at most of
the fuel stations. The chemicals present
in the fuel deteriorates the quality of soil
and
make
them
unsuitable
for
cultivation. These chemicals can enter
into the groundwater through soil and
make the water undrinkable[5, 11].
Use of Pesticide
Pesticide use in India (year wise)
Year
Pesticide use g ha-1
1960-61
15
1965-66
94
1973-74
297
1978-79
343
1981
344
1990
404
2004
570
Source : Gupta A. (2006)
Pesticide use is forty fold during 2004 in
comparision to year 1960-61 which may
15 g ha-1..

Relative proportion of different kinds
of pesticide uses globally and in India
(%)
Name
pesticide

of

Global

India

Insecticide

29

61

Herbicide

44

17

Fungicide

21

19

Others

6

3

Source : Gupta A. (2006)
Nitrate content (mgL-1) in tube well
and hand pump water in Punjab
Block

Tube
well
water

Hand pump
water

Jagraon

6.49

12.6

Samrala

4.06

12.4

Pakhowal

2.82

6.75

Dehlon
Source
:
Singh B 2002

4.29

8.67

High fertiliser

Low fertiliser

Nitrate Content in Water Samples
from Madhya Pradesh
Distric
t

Tube well water

Hand
water

pump

Range

Mea
n

Rang
e

Mea
n

veral
l
mea
n

Jabalp
ur

2.3
118.3

10.3

13.6
-450

95.2

35.7

Moren
a

2.231.9

12.2

4.6555.
2

129.
7

65.3

Source: Singh et. al. (2008)
The nitrate content in hand pump water
was found more in comparision to tube
wellwater in both places ie two blocks of
Punjab and one district of Morena

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

110

O

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

Water quality standards for human
and livestock consumption
Element(mgL-1)

Human

Livestock

Lead

<0.10

<0.10

Arsenic

<0.05

<0.05

Selenium

<0.01

<0.01

Zinc

<15.0

<20.0

Cadmium

<0.01

<0.01

Mercury

<0.01

<0.002

Nitrate

<10.0

<40.0

Chlorides

<400

<1000

Source : Tisdale et al (2007)
Heavy Metal Contamination in Soil
Mining, manufacturing, and the
use
of
synthetic
products
(e.g.
pesticides, paints, batteries, industrial
waste, and land application of industrial
or domestic sludge) can result in heavy
metal contamination of urban and
agricultural soils. Heavy metals also
occur naturally, but rarely at toxic
levels. Potentially contaminated
soils
may occur at old landfill sites
(particularly
those
that
accepted
industrial wastes), old orchards that
used insecticides containing arsenic as
an active
ngredient, fields that had
past applications of waste water or
municipal sludge, areas in or around
mining waste piles and tailings,
industrial areas where chemicals may
have been dumped on the ground, or in
areas downwind from
industrial
sites[10].
Excess
heavy
metal
accumulation in soils is toxic to humans
and other animals. Exposure to heavy
metals is normally chronic (exposure
over a longer period of time), due to food
chain
transfer.
Acute
(immediate)
poisoning from heavy metals is rare
through ingestion or dermal contact, but
is
possible.
Chronic
problems
associated with long-term heavy metal
exposures are:
Lead – mental lapse.
Cadmium – affects kidney, liver,
and GI tract.
Arsenic – skin poisoning, affects

kidneys and central nervous system.
The most common problem causing
cationic metals (metallic elements whose
forms in soil are positively charged
cations e.g., Pb2+) are mercury,
cadmium, lead, nickel, copper, zinc,
chromium, and manganese. The most
common anionic compounds (elements
whose forms in soil are combined with
oxygen and are negatively charged e.g.,
MoO4 2-) are arsenic, molybdenum,
selenium, and boron[3].
Soil Pollution Control Techniques
Soils
are
considered
as
purification of the nature. Moreover
supplying
food,
soils
have
also
purification property. This soil property
is caused by their physical properties
(water permeability operation from
pores), their chemical properties (surface
absorption and evaporation) and their
biological properties (decomposition and
corruption of organic matters) .
1. Controlling Oil Pollutions in Soil
Oil
materials
and
their
derivatives may cause soil pollution as a
result of transport or storage. If more oil
materials are penetrated into the more
depth of soil, removing its pollution will
be more difficult. Some bacteria and
microorganisms in soil can cause
decomposition of oil materials which will
be explained in the topic entitled
"Elimination of Pollution Biologically".
Hereunder are regarded as the ways to
control effects of oil pollution:
1. Preventing oil from spreading widely,
2. Improve the soil ventilation through
plowing and mixing,
3. Increasing food nutrients to the soil
like nitrogen and phosphor,
4. Combining soil with microorganisms
which decompose oil materials .
2. Controlling Pollutions Caused by
Waste in soil
Waste is one of the most
important sources of soil contamination.
Waste can penetrates into the ground
and pollute the water resources as well.
Methods of waste disposal include: 1dumping, incinerating and recycling
In dumping method, areas are created
as “Land field” and garbage or waste is
dumped there. In this method, waste is
dumped below the ground level, aimed
at not to be observed from ground
surface but the said method creates
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subsequent problems. These problems
include: pollution of water resources,
producing bad odor and poisonous
methane gas which provides fire danger,
accumulation of harmful insects and
organisms .
To control soil pollution caused by the
waste, the following techniques are
recommended:
1. Application of effective technology for
dumping waste like compressing and
covering of openings and holes,
2. Dumping waste higher than the
highest underground water levels,
3. Creating impenetrable layers in
building of land fields
4. Creating drainage system for the
collection of leachates
5. Using the gases produced in land
fields.
In incineration method, all
wastes are collected at a place away
from residing place and then, they are
put on fire. Incineration method is one
of the worst methods of waste disposal,
because, incineration will produce very
poisonous gases which will pollute the
air and incur irreparable loss to the
environment as well. After incineration,
ash of waste is remained and will create
visual pollution.
Recycling is the best method of
waste disposal. With storing some waste
and reusing them, human can greatly
contribute reduction of waste. In this
method, not only creation of more waste
is prevented, but also, more cost will
also be saved remarkably [13].
3. Controlling Pollution Caused by
Industrial Activities in Soil
This method includes all the pollutants
which are entered the soil by the
factories. These wastes include as
follows:
Wastes produced by steel industries and
power plants, wastes of chemical
industries,
wastes
of
steel
mfg.
industries, wastes of metalworking
industries, wastes of oil industries
(extraction and refining), wastes of wood,
cellulose and paper mfg. industries,
wastes of leather production industries
as well as waste of food industries.
Accumulation of heavy metals in soil is
the major discussion of the industrial
pollutions. These metals include lead,
cadmium, silver and mercury which

their harmful effects have been proven
on the living organisms and have
repeatedly
caused
environmental
disasters .
Some of these effects are as follows:
- Disturbance of biological activities of
soil,
- Toxic effects on plants,
- Harmful effects on human being as a
result of entrance of materials to the
food chain
There are three main methods for soil
decontamination from industrial wastes
as follows:
1. Soil can be excavated up to the
specified depth and the excavated soil
can be taken away from the region and
then, it can be restored.
2. The soil can be restored at the same
area.
3. Keeping soil in the area is the other
method. Under such circumstances,
auxiliaries are added to the soil to
prevent spread of infection to the plants,
animals and human.
Usually, a large plastic is drawn on the
soil to prevent spread of soil pollution, to
prevent water from penetrating into the
soil and to prevent spread of pollution to
the other regions[13, 14].
Role of Plants in Controlling and
Decreasing
Soil
Pollution
(Phytoremediation)
Pollution caused by the exhaust of cars
&homes and departments’ heating
devices and appliances will incur
irreparable damages to the health of
human beings, animals, water, soil and
air.
Increase of diseases in human beings,
eradication
of
many
plants
and
endangerment of many generations of
animals are a solid evidence of the said
claim.
For this purpose, biological scientists
and environmentalists forced to think of
natural ways (biologic) for fighting with
pollutions. The use of plants is the
simplest biological way, because, using
plants
is
a
non-technical
and
costeffective method in terms of
technology[2].
Soil Pollution Control Technique
Caused by Lead Existing in It
Fungi are used to fight lead existing in
soil, because, satisfactory and good
reports have been received both in
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coexistence among plants and fungi like
ARBASCULAR – MYCORRIZA FUNGI
(AMF) in absorption of the lead. Creating
colony of this fungus on the root of
plants will cause increase of root level
for absorption of the lead which results
in more absorption of the lead element
to the host plant. These reports indicate
that these fungi help plants survive and
tolerate pollution better. The researchers
consider this tolerance as a result of
protection of their roots by the fungi in
soil[1, 7].
Phytoremediation
Technique
to
Control Soil Pollution
Phytoremediation is a cost-effective,
environmental and scientific technique
which is suitable for developing
countries and is considered as a
valuable
business.
Unfortunately,
despite this potential, the technique, as
a technology, has not yet commercially
used in some countries like our country.
Through the use of Green Plants
Engineering like herbaceous and woody
species, phytoremediation is used for
removing pollutants from water and soil
or decreasing risks of environmental
pollutants like heavy metals, rare
elements, organic compounds and
radioactive materials .
Heavy metals are the most important
mineral
pollutants
and
soil
microorganisms are able to decompose
organic pollutants. But for microbial
decomposition of metals, there is a need
for organic or metal changes, in which,
plants are presently used for this part.
Although way of using the plants, which
are polluted in this form, is the major
concern of the experts, strategy of
generating energy opened another
chapter for the scientists as one of the
most essential aspects of today’s life[9].
From a global perspective, soil crust is
considered
as
the
third
major
component of the human environment
after water and air. In addition to the
base of terrestrial living organism
especially human communities, soil is
considered as a unique environment for
living of different life especially plants.
Unlike the weather, soil pollution cannot
be
measured
easily
in
chemical
compound terms. In other words, a
clean or pure soil is indefinable. Then,
we have to study potential issues of the

soil pollution within the framework of
anticipated probable damages and
hazards in performance of soil. With the
development of manmade projects and
contamination of soils by the heavy
metals, the structure of soil will be
dangerous and poisonous for the growth
and development of plants and will
entangle biodiversity of the soil as well .
The studies show that application of
physicochemical techniques will cause
eradication
of
soil
useful
microorganisms like microriza nitrogen
stabilizers and consequently, it will
weaken biological activities of the soil
which will cost dearly in comparison
with the phytoremediation technique .
Soil and water plants are used in rizofiltration method that pollutants of
contaminated water resources are
deposited or condensed with little
density in their roots. This method is
applied
especially
for
industrial
wastewater
treatment
plants,
agricultural runoff and/or wastewater of
acid mines and is suitable for the metals
like lead, cadmium, copper, nickel, zinc
and chrome. The plants like Indian
mustard, sunflower, tobacco, rye and
corn enjoy this capability. These plants
enjoy high capability of absorbing lead
from the sewage system, based on
which, sunflower has the highest
capability of absorbing lead from the
sewage than other plants [8].
In another method, restricting mobility
and availability of pollutants is carried
out in soil through using power of the
root. This method is usually used in soil,
sediment and sludge to reduce the
pollution and is carried out through
absorption, deposition, complex and/or
reduction of the capacity .
In plant evaporation method, plants
absorb pollutants from the soil and then
convert them into the steam and
transfer with the transpiration and
atmosphere operation. This method is
used in growing trees to absorb organic
and inorganic pollutants. In another
method which is known as "Reduced
Plan", the plant helps removal of
pollution from soil and underground
waters with its metabolism through
transferring,
decomposition,
stabilization and sublimation of the
pollutant compounds. In this method,
organic compounds are broken into
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simpler molecules and can be entered
inside the plant tissue. The studies have
shown that plants enjoy the enzymes
that can decompose waste of chlorinated
solvents like tri-chlorine, ethylene and
other insecticides .
Future
of
Phytoremediation
Technique
in
Controlling
Soil
Pollution
Although this science is developing very
rapidly,
the
studies
show
that
commercial phytoremediation should be
able to compete with the other
technologies in terms of time. More
phytoremediation
tests
have
been
carried out in hydroponics environment
in laboratory scale and heavy metals
have been given to them, while soil
environment is completely different. In
real soil, there are many metals in
insoluble forms and their availability is
low. The said issue is the greatest
problem. Many plants have not yet been
known that should be identified and
more should be known about their
physiology .
Although 10 years have passed
from the initial application of the
phytoremediation technology in the
world, this science has been developed
very
rapidly
and
today,
phytoremediation has vast application
on organic, inorganic and radioactive
materials. This process is sustainable,
affordable and is suitable for the
developing countries. Generally, this
method is cost effective as well. The
studies show that efficiency of this
method is increased with the application
of fast-grown plants with high biomass
and high absorption power of the heavy
metals. In most contaminated places,
appropriate species have been identified
for the removal of pollution. Two
methods of composting and condensing
can be regarded as preliminary stages
for reducing production volume of these
plants but it should be considered that
leachate of condensation should be
collected completely. The researchers
believe that incinerating consumes the
least possible time among the methods
which reduce the pollutants' biomass
and is more suitable in comparison with

the direct incineration in environmental
terms[6].
However, it is observed that today world
can
devise
improvements
with
inspiration of the nature and its virgin
nondiminishable system for what the
human being has destroyed with his
hand which undoubtedly is not easier
than preventing pollution of resources
especially soil resources.
REFERENCES
[1]
Bavandi,
Bijan,
Ecosystem,
Publications of the Department of the
Environment (DoE), 1975.
[2] Bahram Soltani, Kambiz, An
Introduction
on
Identification
of
Environment,
Publications
of
the
Department of the Environment (DoE),
1986.
[3] Erfan-Manesh, Majid & Afyouni,
Majid, Environment, Water, Soil and Air
Pollution, Publications of Arkan Danesh,
2008.
[4] Commoner, Bari, Human and
Environment (Translated by Behrouz
Dehzad), Moj-e Sabz Publications, 2003.
[5]
Kordovani,
Parviz,
Natural
Ecosystems, Ghoms Publications, 1996.
[6] Miller, J. T., Living in Environment
(Traslated by Majid Makhdoum), Tehran
University Printing and
Publications Institute, 2003.
[7] Beeton, A.M., Changes in the
Environment and Biota of the Great
Lakes, In Eutrophication: Causes,
Consequences, Corrective, Symposium,
National
Academy
of
Science,
Washington, D.C., 1969.
[8]
Jordan,
Gil.,
The
Soviet
Environment, Clear Creek, 1971.
[9] Goldman, Marshall I., Environmental
Disruption in the Soviet Union, New
York, McGraw-Hill, 1971.
[10] Hazardous Waste “Soil Treatment”
Reference Library Peroxide Application,
1998.
[11] Pfife, Daniel. Killing the Goose,
Environment, 13, 3, 1971.
[12] http://www.Bioweb.Pasteur
[13] http://www.Coneord.org
[14] http://www.ebi.ac

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

114

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

Seed Priming: A Tool in Sustainable Agriculture
F.C. Amule and N.G. Mitra
I.
Sustainable
agriculture (Gordon
McClymont proposed in 1950’s) is the
act
of
farming
using
principles
of ecology, the study of relationships
between
organisms
and
their
environment. It has been defined as "an
integrated system of plant and animal
production practices having a sitespecific application that will last over the
long term". Thematically, sustainable
agriculture is an approach that satisfies
human food and fiber needs, enhancing
environmental quality and the natural
resource, using most efficiently the nonrenewable resources and integrating onfarm resources, it has economic viability
and enhances quality of life for farmers
and society as a whole. The National
Research Council (1989) of the US
National Academy of Sciences advocated
that soil quality is the "key" to a
sustainable agriculture.
The alternative agriculture was defined
as a system of food and fiber production
that applies management skills and
information to reduce costs, improve
efficiency of input resources, and
maintain production levels through
practices like crop rotations, proper
integration of crops and livestock,
nitrogen fixing legumes, integrated pest
management, conservation tillage, and
recycling of on-farm wastes as soil
conditioner and biofertilizers. In short,
improving the efficiency of input
resources is one of the prime factors in
sustainable agriculture. Input like seeds
of only good quality does not directly
ensure for its uniform germination,
establishment and growth of crops free
from seed and soil pathogen and lack of
proper soil management. Seed priming
before sowing is one of the most
important solutions to these problems.
II. 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.

Germination of tomato seeds
III. Importance of 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 cold or hot soils. There may be
little or no differences between primed
and non primed seed if the field
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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.
IV. 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
phytochrome-induced 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
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.
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-cruciferinsubunits. 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 post-germinative 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 β-tubulins
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.
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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
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 Lisoaspartyl 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
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 on protein
synthesizing machinery
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 synthesis measured
by the incorporation of 3H thymidine in
artificially aged seeds of B. oleracea L.
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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
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 Sphase 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 redried. 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 βtubulin 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 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 preactivation 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
proliferating-cell
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 energy
metabolism and respiration
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
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(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 months when stored at
20oC. 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
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
inhibited
at
high
temperatures such as 35oC. 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. Endoβ-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-βmannase. 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-1-carboxylic acid
(ACC, a precursor of ethylene) improved
their germination at 35oC and also
increases the activity of endo-βmannase. Osmopriming of lettuce seeds
had a similar effect as imbibitions in
ACC, improving both germination and
the activity of endo-β-mannase. 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 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
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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,
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. Slow drying at 30oC 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 incubation at 37oC or 40oC 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.
V. Seed priming – an overview
A broad term in seed technology,
describing methods of physiological
enhancement of seed performance
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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
Seed priming – hydration status
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

Fig. Phases during seed priming: Phase
II is extended and maintained with
interruption by dehydration and
storage- In seed priming. Phase III is
rehydration upon subsequent sowing
Seed priming – seedling establishment
Primed seed contributes to better
seedling establishment especially under
sub-optimal conditions at sowing (e.g.
temperature extremes, excess moisture).
Primed seed can also improve the
percent useable seedlings in greenhouse
production
systems
(e.g.
plugs,
transplants)

Fig. Shift in germination time due to
seed priming
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
Physiological mechanisms of seed
priming
Key processes involved include:
1. Hydrotime concept
2. DNA replication, preparation for cell
division (cell cycle studies)
3. Endosperm weakening for species
with mechanical restraint

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

Fig. Relation between germination and
hydrotime
 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.
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 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

Fig. Priming physiological events
associated with germination and postgermination
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.
2.
3.
4.

osmopriming
matrix-priming
hydropriming
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)

 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)
 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
MPa at 15-20oC for 1-14 days.
 Technique is successful in enhanced
seed performance of many smaller
and large seeded species.
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
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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 or percolation (up to 30oC
for several hrs.), followed by draining
and drying back to near original
SMC.
Short
‘hot-water
steeps’
(thermotherapy), typically ~ 50 oC 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 ~ 2530% dry wt. basis) by misting,
condensation, or dribbling.
Seed lots are tumbled in a rotating
cylindrical drum for even hydration,
aeration and temperature controlled.

 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.
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 ?

Fig. Machineries for Hydropriming
Biopriming (e.g. Bacillus,
Trichoderma, Gliocladium)
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Seed priming and ‘repair’ of damage – a model
Fig. 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.
VI. Seed primingtechnology

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.
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
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treatments were performed in an
incubator adjusted on 20 ± 1oC
under
dark
conditions.
After
priming, samples of seeds were
removed and rinsed three times in
distilled water and then dried to the
original moisture level about 9.5%
(tested by high-temperature 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 germinate at 10±1oC
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 percolation (up to 30oC for
several hrs.), followed by draining and
drying back to near original SMC (seed
moisture content). Short ‘hot-water
steeps’ (thermotherapy), typically ~ 50oC
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, crosslinked 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.
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 sawdust or vermiculite (210
o

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
sawdustand
60.3%
in
the
vermiculite-matriconditioned 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.
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Study with hot pepper seed indicated
that improvement in seed quality by
sawdust-matriconditioning plus GA3
treatment was related with increase
in total protein content of the seed.
The seeds were conditioned for 6
days at 15oC, 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)







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.
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)

Sum of numerical disease ratings 100

PDI =
x
No.
of
plants/leaves
observed
Maximum disease rating value
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.
Procedure






Pre-soak the seeds in water for 12
hours.
Mix the formulated product of
bioagent (Trichoderma harzianum
and/or Pseudomonas fluorescens)
with the pre-soaked seeds at the
rate of 10 g per kg seed.
Put the treated seeds as a heap.
Cover the heap with a moist jute
sack to maintain high humidity.

Rice seed biopriming with Trichoderma
harzianum strain PBAT-43
B. Priming – promotive & retardant
substances
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
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.
VI. Discussion and conclusions
Pre-sowing
priming
improves
seed
performance as the seed is brought to a

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

126

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

stage 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
anti- BrdU 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.
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 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
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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.
VII. Biofertilizer Delivery Systems

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
1. Seed treatment
2. Bio-priming
3. Seedling dip
Delivery system
Seed treatment

4. Soil application
5. Foliar spray
6. Fruit spray
7. Hive insert
8. Sucker treatment
9. Sett treatment
10. Multiple delivery systems
Various delivery systems of biofertilizers
(Pseudomonas fluorescens, 108 cfu/g
talc based powder formulation) in
controlling
phytopathogens
entering
through different vulnerable sites

Technique
Soaking of seeds in culture
suspension 10 g/lit for 24 h

Purpose
Sheath blight of rice

Seed coating 4 g/kg seed

Chickpea wilt

Biopriming

Incubation of seeds with culture
suspension at 25oC for 20 h

Seedling deeping

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

Soil application
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

Red rot of sugarcane
1. Pigeonpea wilt
2. Rice blast

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

VIII. Benefits of seed priming
For practical purposes, seeds are primed
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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
photo-sensitive 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 photo-sensitive
lettuce varieties.
3. Increases the rate of germination at
any particular temperature




emergence
occurs
before
soil
crusting becomes fully detrimental,
crops can compete more effectively
with weeds, and
increased control can be exercised
over water usage and scheduling.

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.
IX. 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
the primed seed is stored in hot humid
conditions, it will lose viability much
more quickly. In most of the 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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Integrated Nutrient management: way to for sustainable crop
production
P.S. Kulhare
Principal Scientist
Department of Soil Science & Agril. Chemistry
College of Agriculture, JNKVV, Jabalpur

India has a total area of 328.8 million
ha and land area of 316.6 m ha
.Agricultural land area has been
relatively stable since 1960at 180 M ha.
Oh this, the crop land area is about 158
M ha. The arable land area peaked at
163 M ha in 1980 and has since
declined by 3 %, and additional declined
may occur because of numerous
competing
uses
(
urbanization,
infrastructure
development
and
industrial installation) and losses to
degradation by accelerated erosion, and
secondary salinization.
Whereas
the
available
agricultural and arable lands are
decreasing, the population is increasing.
Therefore, there as an exponential
decline in the per capita land area for
agriculture and arable uses. The per
capita land area has declined from0.34
ha in 1961 to 0.18 ha in 2010 and the
projected to 0.10 ha by 2050.Thus, all
basic necessities for human wellbeing
(food, feed, fiber and fuel)and other
ecosystem services must be met from
per capita agricultural land are of < 0.1
ha.
The production of major food
grain increase drastically between 1961
and 2010.The increase was by a factor
of about 3 for rice, 9 for wheat, 5 for
maize, and 3.4 for total grain production
.The soybean production increased from
merely 5000Mg in 1960 to 12 million by
2012, and it has a potential to
quadruple within the coming decade. Yet
the production stagnated or declined for
barley and sorghum and increased by
marginally for for beans and lentils.
Furthermore, most of the observed
increases in crop production for
principal cereals (wheat, rice and maize)
have occurred under irrigated conditions
and with increasing use of fertilizers and
pesticides. Crop yields have stagnated

under rainfed conditions and low input
use systems. Thus, there exists a large
potential to enhance food production
under rain fed conditions.
In accord with the increase in the
production,
the
net
per
capita
production index has progressively
increased between between 1965 and
2011 from 73 to 122 for agriculture, 75
to 111 for total cereals, 79 to 123 for
crops, 73 to 120 for total food and 81 to
144 for non-food production. Whereas
the trends in agricultural and food
complacency because even greater
challenges lie ahead Thus, there is a
strong need to identify and implement
integrated
nutrient
management
practices to enhance food production
from
decreasing
soil
and
water
resources,
under
changing
and
uncertain climate.
Reason of low crop production –
(1) Inadequate
imbalance
use
of
chemical fertilizer created a 8-10 M t
negative nutrient balance
(2) Only use of organic manure system
cannot sustain the crop production
due to less availability.
(3) Deteriorating soil health / quality
resulting multi nutrient deficiencies.
(4) Decreasing nutrient response.
Integrated Nutrient management (INM)
INM is an integrated approach of
effective and efficient utilization of all
nutrient
resources,
organic
including
microbial as well as inorganic which are
locally available economically viable, socially
acceptable and ecofriendly for sustaining and
increasing crop production. INM technology
envisaging conjuctive use of inorganic ,
organic sources , hold great promise in
maintenance of soil quality , enhancing
nutrient use efficiency and realizing optimum
and sustainable yield of crops.
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 The effects of organic and inorganic
fertilizers are complementary to each
other in terms of soil fertility
improvement
and
sustainable
agriculture
INM helps in restoring and
sustain
soil
fertility
and
crop
productivity. It also helps in arresting
the emerging deficiencies of macro,
secondary and micronutrients favorably
by optimizing the physical, chemical and
biological environment of soil and
achieving economy and efficiency in
fertilizer use. In view of shrinkage of
land resources for cultivation in, short
supply and escalating cost of chemical
fertilizers, environmental pollution and
ill effects on soil animal, and human
health there is a need to adopt INM
concept for achieving the objective of
environmentally
and
economically
sustainable agriculture. Inclusion of
legume crops in cereal based cropping
sequence, regularly or intermittently is
of great help owing to their soil
amelioration benefits. Prasad (1996) also
reported that N fixed by legume crops
not only meets their own requirements
but also a sizable quantity (30-90 kg N
ha-1) is left for succeeding crop. The
beneficial effect of green manure in ricewheat cropping system has been
recorded to be 18% in terms of rice yield
(Hegde and Dwivedi 1992).
Chemical fertilizers or organic
manure alone cannot sustains the
desired levels of crop production.
Integration of chemical and organic
sources and their efficient management
have shown promising results not only
in sustaining the production but also in
maintaining soil health (Au lakh 2011).
Advantages of INM
(1) Combined use of organic and
inorganic have been well established.
(2) INM is helpful in arresting the
nutrients deficiencies and favorably
optimizing physical, chemical and
biological environment of soil and
bringing economy and efficiency of
fertilizer.
(3) INM concept is economically
favorable, environmental friendly
and sustaining productivity and
enhancing quality of soil.

Components of INM.
1. Chemical fertilizersWith the use of high yielding
variety and increase of total irrigated
area, chemical fertilizers played the
most significant role in increasing the
production of crop. The imbalanced and
skewed application of NPK has not only
stagnated/reduced crop yield but also
improved nutrient use efficiency and
crop yield (Tiwari et al 2006).
Cost of fertilizer is increasing constantly,
besides these, only use of inorganic
fertilizer is adversely affecting the soil
productivity (Sutaria et al 2011).
Adaption of the continuous use of NPK
fertilizer has remarkably increased
production but simultaneously brought
about problems related to secondary
and
micronutrients
deficiency,
particularly those of S and Zn in soils.
Decline in the crop response to applied
fertilizer nutrients, but a large part of
this decrease could be as cribed to
gradual decline in the supply of soil
nutrients to crops leading to macro and
micronutrients imbalances due to in
appropriate fertilizer application and
little recycling of organic sources
(Aalakh and Malhi 2005).
2. Organic sources
Organic
manure
induce
improvements in soil quality and
sustainable
crop
production.
The
integrated nutrient supply including use
of chemical fertilizers with FYM,
compost green manure, biofertilizers etc
helps not only is bridging the existing
wide gap between the nutrient removal
and also in ensuring balance nutrient
proportion , in enhancing nutrient
response, efficiency and maximizing
crop productivity of desired quality.
The inclusion of legumes as an
inter crop or otherwise in the cropping
sequence contribute considerable N
through biological N – fixation and
having residual effect on succeeding
cereal crops. Long term fertilizer
experiments in different agro ecological
zone of India clealy demonstrated that
over full application of recommended
doses of NPK fails to sustain the soil
quality and crop productivity, but
combined use of chemical fertilizers and
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FYM could obtain higher crop yield
beside improvement of
soil fertility
(Swarup,1998). The positive influence of
regular additions of organic manures on
soil
quality
was
envident
in
improvements in values of different
physical , chemical and biological
attributes of soil OC, mean weight

diameter, water retention , infiltration ,
microbial biomass- C and microbial
count increased and bulk density and
exchange acidity decreased with the
application of recommended NPK+FYM
compared to NPK alone in long term
experiments (Table- 1 and 5, Chhibba,
2010).

Table 1. Effect of organic materials on soil physical properties of soil under Ricewheat production system
Post wheat harvest soil properties
Bulk density
Infiltration rate
Mean weight
(Mg m-3)
(x 10-2 cm min-1)
diameter
1.72
2.30
0.35

Treatment
Urea to rice
GM (Sesbania) + urea to rice

1.68

3.00

0.40

FYM + urea to rice

1.70

2.75

0.41

FYM+GM to rice

1.64

4.64

0.49

Wheat straw + GM

1.67

4.19

0.44

Wheat straw + GM + urea

1.62

3.92

0.52

Wheat straw + urea + RS

1.65

3.45

0.46

Wheat straw + GM+ urea + RS

1.58

7.30

0.56

LSD (P =0.05)

0.03

-

0.03

green manure; RS- Rice straw
FYM- Farmyard manure; GM – Sesbania
Table 2. Effect of rice straw management on soil properties.
Straw management
Removal

Post - rice harvest soil properties
Bulk density
Infiltration rate
Mean weight
(mg m-3)
(cm h-1)
diameter (mm)
1.69
0.34
0.26

Aggregate
stability (%)
8.0

Burning

1.67

0.34

0.32

10.0

Incorporation

1.59

0.41

0.37

15.0

LSD (P=0.05)

0.03

-

0.067

2.4

Table 3:

Effect of green manuring on crop yield and soil nutrient status.

Sequence

Yield (t ha-1)
Rice

Wheat

Rice wheat

5.73

Rice–wheat-greengram GM
Rice-wheat-Sesbania GM

Change over initial

Apparent
nutrient balance
N
P
K

5.65

O.C.
(%)
+1.1

P
(kg ha-1)
+15.5

K
(kg ha-1)
-7.8

+141

+28

-63

6.80

5.71

+19.1

+32.2

+2.1

+210

+76

-04

6.58

5.69

+14.6

+36.8

+2.5

+166

+70

-10

Table 4: Crop residue management and soil biological fertility
Parameter
Bacteria (x 106)
Fungi (x 103)
Phosphatase activity (mg p-NP g-1h-1)
Dehydrogenase activity (mg TPFg-1 24 h-1)

Removal
15.3
60
125
36

Residue management
Burning
Incorporation
2.8
30.7
10
109
135
175
33
52
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Table 5: Effect of burning and incorporation of straw on soil nutrient status.
Treatment

Burning
Incorporation

Sandy loam
O.C.
(g kg-1)
0.35
0.42

Available P
(kg acre-1)
3.7
4.6

Silt loam
Available K
(kg acre-1)
30
33

O.C.
(g kg-1)
0.59
0.66

Available P
(kg acre-1)
9.4
10.4

Available K
(kg acre-1)
68
73

Source: (Chhibba, 2010)
The integrated nutrient supply has to be
based on need based application of fertilizer
nutrient and other amendments which may
required for correcting any fertilizer induced
imbalance in soil environment and health (
Gos wami and Rattan, 2000).

the chemical fixed N requirement of the
succeeding cereal
crop can be met by
atmospheric N fixed by legume (Table-6).

3. Biofertilizers

Dhaincha

Biofertilizers
are
the
products
containing living cells of different types as
micro organisms that have an ability to
mobilize nutrients from non usable to usable
form through biological process. These
broadly include N fixers, P solubulizer
capable of mobilizing nonlabile nutrients and
transporting metals to and across the plant
roots. On global basis biological fixed N
potential has been estimated at 139 M t/ha/
yr as against 70 M t N fixed chemically
(Brady and Weil, 1998). In India, BNF
potential is 20 mt/ annum for 1997-97
against 10.08 mt fertilize N produced
(Fertilizer statistics 1997-98). Conjoint
application
of
biofertilizers,
chemical
fertilizers and organic manures, in addition
to include of
legumes in cropping system
and incorporation of on and off farm
generated crop residues constitutes
are
efficient nutrient management strategy.

Dhaincha

4. Legumes as green manuring.

Table 6: contribution of green manure for
N fixation

Sunhemp
Green gram
Black gram
Cowpea

Sesbania
Aculeta
Sesbania
rostrata
Crotolaria
Juncea
Vigna radiata
Vigna mungo
Vigna
unguiculata

Biomass (t
ha-1)
22.5

N harvest
(kg ha-1 )
125

20.06

146

18.4

113

6.5
5.1
7.17

60.2
51.0
63.3

Sources: Pathak and Ram , 2004
5. Urban waste
Large quantity of city and urban
waste is available that can be used as source
of plant nutrients after proper treatment.
Urban sludge improve soil structure contain
secondary and micro nutrients as well a
NPK.
6. Recycling of Agriculture waste
Composting is the best method of
recycling. Enriching of the nutrient value of
compost is possible with gypsum. Rock
phosphate , microbial inoculants and
pressmud resources production from sugar
factories is a good sourced amendment for
acid and sodic soils. For quick decomposition
of agricultural waste application of efficient
strategies of micro-organics is a practical.
(Table -7)

Usefulness of legumes as soil fertility
building practice in multiples cropping
systems is well established. Symbiotic
association of the legumes with different
species of Rhizobium has proved useful in
sequestering
significant
amounts
of
atmospheric N in the soil plant system to
the extent of 25-50% of
Table 7: Nutrient potentiality of various organic resources
Types of organic resource
Crop residues
Cattle manure
Rural compost
Forest litter
City garbage
Press mud
Sewage water (million
cubic meters)
Industrial waste water
(million cubic meters)
Total

N

Total nutrients (Mt yr-1)
P2O5
K2O
Total (N+
P2O5+K2O)
1.97
3.91
7.16
2.00
2.07
6.88
0.86
1.42
3.71
0.04
0.10
0.24
0.15
0.23
0.61
0.079
0.055
0.164
0.14
0.19
0.65

Availability
(Mt yr-1)
273
280
285
19
15
3
6351

1.28
2.81
1.43
0.10
0.23
0.03
0.32

66

0.003

0.001

0.001

0.005

6.203

5.20

7.976

19.419
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Conclusion
The
integrated
management
should we based on the need of
fertilizers nutrients and amendments for
optimum supply of nutrients to the crop
using all the possible nutrient sources
for sustainable crop production.
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Introduction:
To meet the rising worldwide
demand for food, there are some
options, such as further exploration of
planting in dry seasons, that often leads
to lower yields, increased productivity,
and the expansion of cultivation areas,
an alternative that ensures greater food
production and is still viable in some
emerging
countries.
When
water
availability and soil nutrients are
limiting
to
plant
growth
and
development, there is a reduction of
metabolism, biomass, and the surface
areas of various plant organs, thus
affecting the productivity (Sultenfuss
and Doyle 1999). Considering this fact,
several plant breeding programs have
emerged, and other lines of research
have been directed at improving
conditions for abiotic stresses. Thus, two
breeding strategies can be considered:
tolerance to a low availability of water
and
nutrients
and
resource-use
efficiency.
is an urgent imperative (Hamdy
et al., 2003). Of the world’s allocable
water
resource,
80%
iscurrently
consumed by irrigated agriculture. This
level ofconsumption by agriculture is not
sustainable into the future. Projected
population growth (another 2 billion
people within 2–3 decades) will require
that more of the available water resource
be used for domestic, municipal,
industrial, and environmental needs.
The most realisticsolution to the
increased demand for water will be
reallocation to these other purposes of
some of the water currently used by
agriculture. Even a modest reallocation,
reducing agriculture’s share to 70%,
would increase the amount of water
available for other purposes by up to
50%.
However,
the
expanded
populations will not only need more
water to satisfy these other purposes; it
will also need to be fed and clothed. This
will require substantially more efficient

production from a smaller irrigation
water resource. It will also require
substantially higher water-use efficiency
from rain-fed agriculture, which remains
the primary means of food production in
most countries and for most farmers.
Several strategies will be required to
improve the productivity of water use in
irrigated and rain-fed agriculture (Wang
et al., 2002).Breeding crop varieties that
are more efficient in theirwater use is
one such strategy. Others include
management of the water resource and
changes in crop management. None of
these strategies should be seen as
operating in isolation. Rather, it is likely
that the greatest gains will be obtained
through
complementary
approaches
involving each of them.In this article,
recent progress in breeding for high
wateruseefficiency will be reviewed and
some possible avenues for making
further advances will be outlined. As a
starting point, the article will first
establish a conceptual framework for
considering ways by which crop wateruse efficiencymight be improved through
breeding. The prospects forimproving
crop water-use efficiency by changing
the wateruseefficiency of leaf gas
exchange will be considered insome
detail. Other likely avenues will also be
consideredbriefly
where
substantial
gains in crop water-use efficiencycould
be made. The review willsconcentrate on
cereals andparticularly on wheat, a
dominant food crop which is grownin
irrigated
and
rain-fed
production
systems over a widerange of latitudes.
Wheat is also a crop that has been
thefocus of a long-standing breeding
effort for higher wateruseefficiency.
The definition and concept of water use
efficiency (WUE) at different scales:

WUE is a complex trait that is controlled
by many genes that are related to
physiological
drought-resistance
traits.In agronomic terms, WUE is equal
to biomass yield, oreconomic yield, or
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economic
value/amount
of
water
used(Condon et al., 2002,). There are
three requirements:the first is that WUE
is
related
to
droughtresistance
anddrought tolerance, and utilization of
water with high efficiencybut little
biomass and yield under serious
waterstress; the second is that WUE is
related to water-savingand the highly
efficient
use
of
water,
medium
droughtresistance
(tolerance),
and
medium or medium-highyield under
moderate water stress. The third is that
WUEis related to the highly efficient use
of water and maximumpotential yield.
These three kinds of descriptionfor WUE
basically reflect the nature of traditional
crop. WUE although they emphasize
correspondingly differentaspects (Zhang
et al., 2007; Shao et al.,2010).
In terms of physiology, WUE is equal to
the
accumulationof
assimilation
products/amount
of
water
used(transpiration, T), which reflects the
energy conversionefficiency per unit of
water used in the plant. WUE couldbe
defined as encompassing three concepts:
one is thatleaf WUE (WUEl) or
transpiration
efficiency
(TEl)
is
photosynthesis rate (Pn) /transpiration
rate (T), where Pnand T are measured
with suitable apparatus. The secondis
that WUE for the whole plant (WUEp) is
the weight ofbiomass or economic weight
/amount of water used (ET, T).
Water-use efficiency as a breeding
target:
Breeding to address a specific objective
implies first, thatthe objective has been
well defined and, second, that heritable
traits have been identified that can come
someway towards achieving the breeding
objective. ‘Water-use efficiency’ as a
breeding target could be defined in many
ways, depending on the scale of
measurement and the unitsof exchange
being
considered.
All
potential
definitions will have some measure of
water being exchanged for some unitof
production. For physiologists, the basic
unit of reductioncould be moles of
carbon gained in photosynthesis(A) in
exchange for water used in transpiration
(T). Thusa physiological definition might
equate, at its most basiclevel, to the
instantaneous water-use efficiency of
leaf gas exchange (A/T). For farmers and
agronomists, the unit of production is

much more likely to be the yield of
harvestedproduct achieved from the
water made available to the crop
through precipitation and/or irrigation,
i.e. a farmer’s definition is one of
agronomic water-use efficiency. While
agronomic water-use efficiency will be
taken to bethe ultimate breeding target,
a major thrust of this article willbe to
place the physiological definition of
water-use efficiencyin the context of the
farmer’s definition. To do this it isuseful
to consider crop yield as being
constructed
froma
framework
of
relatively simple components (equation
1).Yield=ET3T=ET3W3HI ð1Þ
In this framework, grain yield is
described as beinga function of the
amount
of
water
used
by
the
crop(evapotranspiration,
ET),
the
proportion
of
that
wateractually
transpired by the crop (T/ET), the
transpirationefficiency
of
biomass
production (W), i.e. how muchbiomass is
produced per millimeter of water
transpired,and, lastly, how effectively
the achieved biomass is partitionedinto
the harvested product, i.e. the ratio of
grain yieldto standing biomass termed
the harvest index (HI). Thisframework is
not based on the notion of ‘drought
resistance’,but rather on the broad
processes
by
whichcrops
actually
achieve
yield
in
water-limited
environments(Richardset
al.,
2002).
None of the components of this yield
frameworkis truly independent of the
others, but each can be considered a
target forgenetic improvement. Leaf-level
water-use efficiency, A/T,is directly
related to only one of these components,
W, thetranspiration efficiency of biomass
production.
However,
aswill
be
discussed in following sections, A/T also
has thepotential to influence each of the
other three components in the yield
framework.
Varietal Differences in WUE:
Crop breeders interested in developing
cultivars that can perform well under
waterlimitedconditions would like to
increase wholecropWUE. Over the last
few decades, evidence hasaccumulated
that there is substantial variability for
WUE within species, suggesting that
WUE isa factor that can be improved
through selection.However, recall that
maximum single leaf WUE tends to
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occur at very low stomatal conductance,
where photosynthetic CO2 assimilation
is also very low; Obviously, this is not
anideal characteristic for a commercial
cultivar. Thus, selecting for maximum
WUE per se is not apromising strategy
for breeders. Instead, they must select
for both high WUE and high cropgrowth
rates. Such a combination would arise
from:
 Appropriate stomatal regulation
(no "luxury" water consumption,
but enough
 conductance to support high
rates of photosynthesis)
 High
leaf
photosynthetic
response
to
CO2
(thus
maintaining low ci)
 Low
rates
of
maintenance
respiration
The next figure shows the differences
in WUE recorded in Israel for a number
of upland cotton(Gossypium hirsutum),
and
Pima
cotton
(Gossypium
barbadense) lines, as well as a hirsutum
x barbadense interspecific cross. In this
field experiment, differences in WUE
between the lineswere similar, whether
WUE was measured on the basis of total
above ground DM, or yield ofseed
cotton.The final figure shows the
frequency distribution for WUE among
F4derivedlines from a crossbetween the
soybean variety "Young" (high WUE) and
an exotic plant introduction (low
WUE).The
approximately
normal
distribution of WUE among these lines
suggests that WUE is a quantitatively
inherited (multi gene) trait.
Breeding for greater leaf-level wateruseefficiency:
The prospect of improving agronomic
water-use efficiencyby breeding for
greater leaf-level water-use efficiency
haslong been an attractive one. To assist
inidentifying ways this might be
achieved, leaf-level wateruseefficiency,
A/T, can be described mathematically
bynoting that, first, A is the product of
stomatal conductance toCO2 (Gc) and
the gradient in concentration of CO2
between the outside (Ca) and inside (Ci)
of the leaf (equation 2)A=GcðCa_CiÞ
ð2Þand, second, that T is the product of
stomatal conductance to water vapour
(Gw) and the gradient in concentration
ofwater vapour from the inside (Wi) to

the outside (Wa) of the leaf (equation
3)T=GwðWi_WaÞ ð3ÞFor CO2, the
concentration is greater in the air
outside theleaf, while the reverse is true
for water vapour. The ratio A/Tthen
becomes
(equation
4)A=T=½GcðCa_CiÞ_=½GwðWi_WaÞ_
ð4Þwhich can be simplified even further
(equation 5) by notingthat the ratio of
the diffusivities of CO2 and water
vapour inair has a value of c. 0.6.
Thus,A=T_0:6Cað1_Ci=CaÞ=ðWi_WaÞ
ð5ÞEquation (5) indicates two possible
routes for improvingleaf-level water-use
efficiency. One is to lower the value of
Ci/Ca, thereby increasing the value of
(1_Ci/Ca). The otheris to make (Wi_Wa)
smaller, i.e. to make the gradient driving
transpirational water loss smaller.
Whole Crop WUE:
As we have seen, crop physiologists have
a strong theoretical understanding of
the factors thatdetermine WUE at the
single leaf level. However, it is quite
difficult to apply these concepts in
aquantitative
manner
at
the
wholecanopylevel.First, there is the
obvious complexity of trying to model
the activity of all leaves in the canopy
simultaneously, when each leaf has its
own distinct light environment, and its
own distinctphotosynthetic response to
light and CO2.Additional complications
arise from the fact that whole crop WUE
is measured in terms of drymatter
accumulation,
over
relatively
long
periods of time. This means that WUE,
measured on awholecropbasis, will be
affected by any factor that affects final
dry matter. For example, allother things
being
equal,
a
higher
rate
of
maintenance respiration will decrease
crop WUE.Similarly, crops that produce
large amounts of energyrichcompounds,
such as lipids, will WUE.Whereas it is
sometimes difficult to pinpoint the
physiological basis of differences in
wholecropWUE, there is no doubt that
such differences exist. For instance, it
has been known for over 70years that
common crop species differ in WUE.
Based on the theorydescribed above, can
you speculate as to why C4 plants would
tend to have higher WUE than C3
plants? Also, why do you think sugar
beet has such a high WUE?
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Lowering the gradient in water vapour
concentration:
The simplest and most influential
means by which breedinghas improved
the transpiration efficiency of biomass
productionvia greater A/T has been to
change crop characteristicsso as to
lower the average evaporative gradient
duringthe crop growth cycle. Reflecting
processes at the leaf level, crop
waterloss is driven by the gradient in
water vapour concentration between the
crop canopy and the atmosphere. This
gradientis least in cool, humid regions
and, in most regions, duringthe coolest
months of the year. During the past
centurybreeders of many crop species
have
exploited
genetic
variationassociated
with
intrinsic
earliness, response to photoperiod, and
vernalization requirement to generate
enormousvariation in crop phenology.
This phenological variation has allowed
crops to be grown successfully in
regions and attimes of the year that
lower
the
prevailing
evaporative
demand,thus raising A/T and boosting
crop yield. As opportunitiesarise, every
effort should be taken to exploit
thissimple route to improved crop wateruse efficiency further. Even seemingly
unrelated objectives, such as eliminating
disease susceptibility so that crops can
be grown reliably incooler, more humid
conditions may present opportunities
toadjust
sowing
time
and
crop
phenology for improved A/Tand crop
yield. A good example of what is possible
is thedoubling of yield achieved by
improving the disease resistanceof
chickpea, transforming it from a springsown toan autumn-sown crop in
northern Syria.
Changing the value of Ci/Ca:
Referring back to equation (5), another
way that breedingcould improve A/T,
and
thereby
improve
the
transpirationefficiency
of
biomass
production, is to raise the value of the
numerator (1_Ci/Ca), i.e. to select
genotypes for which the ratio Ci/Ca is
small. A small value of Ci/Ca will reflect
either relatively low value of G, a
relatively high photosyntheticcapacity
(amount and activity of photosynthetic
machineryper unit leaf area) or a
combination
of
these
two.
The

interrelationships
between
Ci/Ca,
photosynthetic capacity, and stomatal
conductance
are
perhapsbest
appreciated in the context of the ‘A/Ci’
plot (Long and Bernacchi, 2003). In such
a plot (Fig. 1), curved lines rising from
near the origin describe the dependence
of A on Cias external CO2 concentration
is varied experimentally. Variation in the
initial slope of these curves equates to
variationin photosynthetic capacity. In
Fig. 1, the two curved lines are
intersected by two straight lines
originating
at
theambient
CO2
concentration, Ca. Variation in the slope
ofthese straight lines equates to
variation in stomatal conductance. The
intersections indicated by numerals
representthe operating values of Ci (and
thus Ci/Ca, A, and G) forthree
genotypes of a C3 species. As shown in
Fig. 1, lower operating values of Ci/Ca
(say 0.6 compared with 0.7) may be
achieved through higher photosynthetic
capacity (genotype‘2’ compared with
genotype
‘1’),
lower
stomatal
conductance (genotype ‘3’ compared
with genotype ‘1’), or acombination of
these two.
The relationship between carbon
isotopediscrimination and Ci/Ca:
Despite the advent of reliable, relativelyportable leaf gasexchangesystems, it is
pertinent to note that G, photosynthetic
capacity, and A/T are still tedious to
measure in large breeding populations.
It is now accepted that relative
differences in Ci/Ca, at least within C3
species,may be evaluated indirectly by
measuring
the
carbon
isotope
composition of plant dry matter. The
stable isotope of carbon, 13C, makes up
very close to 1% of the carbon in
atmospheric CO2. The proportion of 13C
in the dry matter ofC3 plants is
fractionally less than in the atmosphere,
primarily
becauseC3
species
discriminate
against
13Cduringphotosynthesis.
Carbon
isotope
discrimination
(D13C)
isa
measure of the 13C/12C ratio in plant
material relative tothe value of the same
ratio in the air on which plants feed, and
has
been
defined
as
follows:D13C=½ðRa=RpÞ_1_31000
ð6Þwhere Ra is the value of the
13C/12C ratio in the atmosphere and
Rp is the value of 13C/12C in plant
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material. Forconvenience, units of D13C
are expressed as per thousand(&), i.e.
the fractional difference from unity is
multipliedby 1000. The ratio Ra/Rp has
a value near 1.02 for C3 plants, giving
values of D13C near 20&.There are
several processes that contribute to the
value ofD13C measured in plant dry
matter of C3 species
Carbon isotope discrimination and
water-use efficiency:
The realization that D13C could provide
a relatively simple, indirect measure of
variation in A/T gave renewed impetus
to theprospect of exploiting variation in
leaf-level water-use efficiency to improve
agronomic water-use efficiency. Upto
that time, it had been considered that
there was little variation in Ci/Ca within
or among C3 crop species, the
onlysubstantial difference being that
between C3 and C4 species. Since
thepioneering work of Farquhar and
colleagues, it has subsequently been
demonstrated, for several C3 species,
that variation in D13C closely reflects
variation in the ratio Ci/Ca.Variation in
D13C among genotypes of C3 species is
large enough to, in theory, generate
substantial
variation
inA/T
and
potentially, substantial variation in
water-use efficiency of dry matter
production. This has been confirmed in
numerous studies
with pot-grown
plants. Negative correlations between
D13C andplant water-use efficiency
have
been
demonstrated
in
manyspeciesHowever,
significant
challenges have arisen as attempts have
been
made
to
‘scale
up’
from
associations betweenD13C and wateruse efficiency of leaves and single plants
to associations between D13C and
water-use efficiency and yield of field
stands. Some of these challenges were
anticipated, others were not. The nature
of these challenges and possible
solutions are considered in the following
sections.
Relationships between grain yield and
carbonisotope discrimination in
wheat and barley:
The greatest challenge to using D13C in
breeding for greateragronomic water-use
efficiency
is
the
high
level
of
inconsistencyobserved
in
the
relationship between D13C andyield.
This inconsistency has been well-

documented
in
numerousstudies
involving the cereals bread wheat
(Triticum aestivum L.), durum wheat (T.
turgidum var. durum L.) andbarley
(Hordeum vulgare L.). From the negative
associationbetween D13C and leaf-level
A/T
and
the
consistentlynegative
associations observed between D13C
and wateruseefficiency at the single
plant level in many pot studies, itmight
be inferred that crop yield and D13C
might also beconsistently negatively
related. Yet for a largenumber ofstudies
involving collections of cereal genotypes
grown
inrain-fed
and
irrigated
environments
in
Australia
the
Mediterranean
region
and
elsewhererelationships reported between
grain
yield
andD13C
have
only
infrequently
been
negative.
Much
moreoften these relationships have been
either positive or‘neutral’. Many of the
studies
on
associations
betweenproductivity
and
D13C
in
cereals have used sets of genotypesin
which there has been substantial
variation not onlyin D13C, but in
flowering date and height as well,
twocharacteristics that could strongly
influence yield independentof variation
in D13C.
Why have relationships between grain
yield and D13C beenso variable in so
many studies? There appear to be
severalreasons, but a critical one is that
for cereals low-D13C (highA/T) is a
‘conservative’ trait in terms of water use
and,perhaps more importantly, in terms
of crop growth rate. Putsimply, in the
absence of soil water deficit, lowD13Cgenotypes tend to grow slower
than high-D13C genotypes,resulting in
lower total biomass production and
grain yield. So, in cereals, higher
photosynthetic
capacity
may
notnecessarily be associated with faster
crop growth rate. Asimilar conclusion
can be drawn from the study by on
physiological
changes
in
bread
wheatreleased by CIMMYT from 1962 to
1988. The more recentof thesewheat had
substantially higher grain yields under
irrigation, but this was not associated
with greater biomass production. The
yield
gain,
however,
reflected
higherharvest index for the more recent
wheat Among this ‘historic’ collection of
CIMMYT wheat there was nochange in
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total biomass production despite the
more recentwheat having both higher
photosynthetic capacity andhigher G,
together generating substantially higher
values ofA on a leaf area basis.
Interactions between growth and
water use:
Irrespective of its physiological basis,
‘conservative’ cropgrowth by low-D13C
cereal
genotypes
has
importantimplications for agronomic
water-use
efficiency.
The
mostconsistently positive relationships
between D13C and yieldhave been found
in environments or seasons where
supplementalirrigation
or
regular
rainfall events throughout the growing
season have maintained a high soil
waterstatus. In these environments the
faster growth of high-D13C genotypes
has usually translated directly into
higherfinal biomass production and
grain yield. Low-D13C genotypes have
achieved less biomass and lower yields.
It is also likely that they have also left
more waterbehind in the soil profile at
maturity.
In
less
favorable
environments, variation in the extentand
timing of any water limitation may
interact with the’ conservative’ growth
and water use of low-D13C genotypesto
generate complex relationships between
yield andD13C. This complexity is also
illustrated in. In thedrier 1992 season,
high-D13C
was
associated
with
lowerbiomass production and grain yield
in the lines from onecross but for lines
from the secondcross there were no
associationsbetween productivity and
D13C. Soil water status at flowering is
likely to have been higher for the second
crossbecause lines from this cross
flowered, on average, oneweek earlier
than lines from the first cross. The
results forthese two sets of lines grown
in these two seasons indicatethat the
amount of rainfall is an important
variable contributingto variation in grain
yield. They also indicate that thetiming
of development of soil water deficit, with
respect tothe critical flowering phase, is
also an important variable.If high-D13C
genotypes exhaust the available soil
watertoo quickly, before flowering, there
is likely to be a yieldpenalty. However,
the penalty, interms of crop water use
and yield, associated with fastergrowth
of high-D13C cereals is not always as

great as mightbe expected. In fact, the
faster
growth
of
high-D13C
cerealgenotypes has often been shown to
be of benefit in seasonsor environments
in which frequency of rainfall events
washigh early in the season, but was not
sustained during laterstages of growth,
typical
Mediterranean-type
environment(Merah et al., 2001; Royoet
al., 2002;) In this sort of environment,
evaporation from the soilsurface can
account for as much as 50% of the
growingseason rainfall. Studies where
wateruse has been carefully partitioned
between plants and soilhave shown that
the
more
‘profligate’
transpiration
associatedwith
high-D13C
actually
resulted in little differencein total water
use to anthesis, despite substantially
more growth by high-D13C genotypes at
this critical stage of development. In
other
environments
high-D13C
genotypes
have
achieved
greater
anthesis biomass at the expense of
substantiallygreater soil water depletion
at anthesis. Yet despite achieving very
little growth afterflowering compared
with low-D13C genotypes that hadbeen
more conservative in their water use, the
high-D13Cgenotypes were still able to
yield more. This was becausehigh-D13C
genotypes achieved a larger grain
number(associated with higher anthesis
biomass) and were thenable to fill these
grain, probably by trans locating
largeamounts of stored assimilate. In the
same environmentslow-D13C genotypes
failed
to
use
stored
assimilates
aseffectively. They may have had fewer
reserves, due to less anthesis biomass,
or the stored assimilates may not
havebeen necessary because the lowD13C genotypes had subsoilmoisture in
reserve
to
sustain
higher
photosynthesisduring grain filling. One
outcomeof achieving high yield, despite
relatively little post an thesis growth, is
that high-D13C genotypes tend to havea
higher harvest index (HI).Finally, there
have
been
a
small
number
of
studiesconducted
in
environments
where there was relatively littlerainfall
during the growing season and crops
relied heavilyon soil moisture reserves
from substantial rains beforesowing or
very early in crop development. It has
been in these few studies, where there
wasrelatively little soil evaporation and a
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strong reliance onmetering-out soilwater reserves before anthesis, that
negative associations between yield and
D13C have been mostconsistently
observed.
Yield response to breeding for high A/T:

Experience over many growing seasons
at a range oflocations in eastern
Australia, supported by the outcomes
ofthe simulation study, indicated that
breeding for higher A/Tcould have a
large average benefit in the northern
croppingregion of eastern Australia. In
this region the wheat croprelies on
moisture stored from summer rains and
T makesup a large proportion of total
crop ET. A back crossing programme
was initiated to improve A/T (i.e. lower
theD13C) of the relatively high-D13C
variety
Hartog,
widely
grown
in
Australia’s sub-tropical northern region.
Briefly, Hartog was crossed with a lowD13C donor, the lowest-D13C F3
families were selected and these were
back-crossed with Hartog twice more,
without selection between thesetwo
rounds of crossing.The effect on yield of
divergent selection at the BC2stage,
based on measurements of D13C was
tested bygrowing 60 BC2 lines with very
similar height and floweringtime in nine
rain-fed
environments
in
eastern
Australiaand five in Western Australia.
Thirty of the BC2 lines hadhigh A/T (low
D13C) and the other 30 had low A/T
(highD13C).
Opportunities to improve yield by
breeding forhigh A/T in other species:
Exploiting high A/T in breeding for
greater agronomicwater-use efficiency is
complicated for cereals by anassociation
between high A/T and slow crop growth
rate.This seems not to be the case for
groundnut (Arachis hypogaea L.). For
this species, field studies in both
wellwateredand
water-limited
environments consistently showgreater
biomass production to be associated
with higher A/T(Nautiyal et al., 2002). In
groundnut,variation in photosynthetic
capacity accounts for a largeproportion
of the variation in A/T. Importantly,
high
photosynthetic
capacity
in
thisspecies does not appear to be
associated with a slower rateof leaf area
growth. Effective selection for high A/T
ingroundnut is achieved via selection for

low specific leafarea (SLA), a less
expensive
alternative
to
D13C.
However,one complication still remains,
which is a tendency for lowSLA (high
A/T) to be associated with low HI The
problem
is
being
overcome
by
applyingconcurrent selection pressure
for low SLA and high HI(Nigam et al.,
2001).
There may be species in addition
to
groundnut
in
whichhigh
photosynthetic capacity is associated
with faster cropgrowth and higher A/T.
Likely candidates may be othergrain
legumes because they have the capacity
for symbioticnitrogen fixation. Limited
screening of cowpea (Vigna unguiculata
(L.)Walp.)and common bean (Phaseolus
vulgaris L.) germplasm indicates that
variationin stomatal conductance may
be the dominant source ofvariation in
A/T for these species. More extensive
screeningis warranted in these and
other legumes.Identifying species or
genotypes
of
species
in
which
highphotosynthetic
capacity
is
associated with faster crop growth and
higher A/T could be done by combining
measurementsof
D13C
with
measurements of conductance and/or
photosyntheticcapacity.
There
are
techniques
available
for
detectinggenotypic
variation
in
conductance directly andrapidly using
viscous-flow porometers or indirectly
using oxygen isotope composition of
drymatter or canopy temperature.
Measurements of specific leaf areaor leaf
chlorophyll
concentrationmay
be
effective
means
of
characterizingvariation
in
photosynthetic capacity. Of course
theremay also be cropping environments
for some crop specieswhere the slow
crop growth rate and high A/T
associated
with
low
stomatal
conductance
is
desirable
because
soilwater is conserved for the critical
flowering phase. The use ofcrop
simulation models may be useful in
identifying suchcircumstances.
Greater early vigour to improve
agronomic water-use efficiency:
To this point, this review has focused on
improvingagronomic water-use efficiency
by
manipulating
leaf-levelwater-use
efficiency, primarily through the use of
D13C.However,
there
are
other

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

141

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

strategies that also offer promise.As
discussed earlier, animportant strategy
to
improve
agronomic
water-use
efficiencyin
cropping
environments
where the soil surface isfrequently
rewetted is to restrict water lost by
evaporationfrom the soil surface. This
maximizes
crop
transpirationand
improves the ratio T/ET. For cereals,
indeed any crop,a reduction in soil
evaporation
is
most
easily
achievedthrough the rapid development
of leaf area to shade the soilsurface from
direct solar radiation. Good stand
establishmentand vigorous early plant
growth will both contributeto rapid leaf
area
development.Good
stand
establishment is best achieved by plants
thatreach the soil surface quicker if seed
is sown relativelyshallow, and that reach
the soil surface much moreconsistently
if seed is sown deep, such as when
farmersare seeding into moisture below
a dry topsoil. In wheat, thewidely-used
GA-insensitive dwarfing genes RhtB1b(Rht1) and Rht-D1b (Rht2) have had
a major impact onagronomic water-use
efficiency
by
improving
HI
and
cropstandability. The latter feature has
been
most
important
inirrigated
cropping systems, but the same genes
stronglyinhibit the expression of long
coleoptiles that may be animportant
attribute for rain-fed systems (Ellis et
al.,
2004).Alternative,
GA-sensitive
dwarfing genes exist in wheatthat allow
the
expression
of
much
longer
coleoptiles (fromtall wheat) in plants
with semi-dwarf stature and high
HI.Early
vigor
(fast
leaf
area
development) is an importantadaptation
of barley and durum wheat to terminal
drought inMediterranean environments
because it improves the ratio T/ET and
encouragesgrowth
when
evaporative
demand is low, giving higher A/T.Traits
important for vigorous early growth in
cereals wereidentified by comparing
barley
with
bread
wheat
This
comparison showed that largeembryo
size, high SLA, and growth of a large
coleoptile tillerwere important attributes
of barley, which is characterizedby very
high early vigor, but these traits were
lacking insemi-dwarf wheat. Extensive
screening of a collection oftall wheat
revealed excellent sources of each of
these traits (Richards and Lukacs,

2002).
In
a
targeted
breeding
programme, these were combined to
produce a new parentalline with early
leaf area growth double that of
currentAustralian
semi-dwarf
varieties.High-vigor backcross lines with
this parent as the vigordonor out-yielded
low-vigor
lines
from
the
same
populationby up to 13% in favorable
Mediterranean-type
environments(c.
280–450 mm in-season rainfall), but
there wasno difference in yield in drier
environments with less than250 mm inseason rainfall.
Conclusion:
There are now growing evidence
that targeting specific traits in a breeding
programme
may
lead
to
higher
agronomicwater-use efficiency. It is also
clear that the effects of anyone trait must
be considered in the context of the
environmentin which the crop is to be
grown. A particular trait,such as high A/T,
may be associated with higher yield inone
type of environment but may have no
effect or even bedetrimental in other
environments. Breeding for high A/Tusing
low-D13C measured in the leaves of
unstressed wheatplants has resulted in
the release of new, higher-yieldingvarieties
for eastern Australia. The new varieties
result from a backcrossing programme
targeting environments where stored soil
moisture needs to be metered out from
relativelyearly in the cropping season so as
to maximize seed setand sustain seed
growth. By contrast, for cereals growingin
Mediterranean-type cropping regions and
irrigated
environments,higher
yield
appears to be associated withhigh-D13C of
grain. For Mediterranean-type regions
thisassociation may, in part, be a result of
an associationbetween high-D13C and fast
crop growth rate. Fast cropgrowth rate is
reflected in the vigorous development of
leafarea to shade the soil surface, a key
trait for croppingenvironments where the
soil surface is frequently rewettedand large
gains in T/ET can be made. Effective
selectionprotocols for faster leaf area
growth have been devisedand shown to be
successful
for
yield
improvement
inMediterranean-type environments. It is
possible that evengreater yield gains may
be achievable in these and otherrain-fed
environments if fast crop growth rate can
be combinedwith high A/T. Breeding has
been initiated to combinethese two traits
in bread and durum wheat, but this
mayprove difficult if an a strategy that sets
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out deliberately to target a combinationof
high early vigor and high A/T in wheat
may notbe necessary in other species. It
will depend strongly on theextent and
timing of any water limitation in relation
todevelopmental phases critical for yield
determination, andwhether there is an
association between high A/T and
slowcrop growth rate. Such an association
is likely to depend on whether variation in
A/T is due to variation in stomatal
conductance or photosynthetic capacity
and the effects ofthese two components on
crop
growth
rate.
Relativelysimple
techniques
are
now
available
for
characterizing
variation
in
stomatal
conductance
and
photosynthetic
capacity.Other interactions may also come
into play. Ingroundnut, A/T is positively
associated with crop biomassproduction,
but negatively associated with HI.
Breedingprogress is being made in this
species by applying concurrentselection
pressure for high A/T and high HI.
Progressmay be more rapid if the reasons
for the associationbetween A/T and HI
were better understood.
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Abstract
This review intends to focus on
the role of potassium in sustainable
agricultural production. Moisture deficit
created by drought or withholding
irrigation results in a significant
reduction in plant water potential,
osmotic potential, relative water content,
photosynthetic rate, respiration, etc.
Moreover, a marked reduction in various
growth characters like, leaf area, weight
or yield has been reported under abiotic
and biotic stresses incidence of insectpest and diseases. The application of
potassium in general, mitigates the
adverse effect of such stresses, which
facilitate the conditions, that favours
more or higher growth and yield levels of
crop.
Introduction
Potassium is an alkali metal that
occurs naturally in most of the soils.
The total K content of the earth crust is
about 2.3 to 2.5 per cent, but only a
very small proportion of it becomes
available to plants (Leigh and Jones,
1984). It is one of 18 elements that are
essential for both plant and animal life
(Brady and Weil, 2002). Plants require K
proportionately in large quantities,
hence, it is regarded as one of the three
major plant food elements (Golakiya and
Patel, 1988; Leigh and Jones, 1994;
Dev, 1995). Higher yields of better
quality depend greatly on the capacity
and capability of the crop to resist or
tolerate moisture and temperature
abnormalities,
diseases
and
other
stresses
during
growing
periods
(Amtmann et al., 2004; Dev, 1995).
Potassium
is
involved
in
many
physiological
processes
such
as
photosynthesis (Vyas et al., 2001),
photosynthetic
translocation
(Umar,
1997; Tiwari et al., 1998), protein and
starch synthesis, water and energy
relations
(Rao
and
Rao,
2004),
translocation of assimilates (Tomar,
1998) and activation of number of

enzymes (Vyas et al., 2001; Sharma and
Agrawal,
2002).
Potassium
also
improves the water use efficiency (Singh
et al., 1997; 1998) through its influence
on maintenance of turgor potential
(William, 1999). As most of the kharif
and rabi crops are grown under rainfed
conditions, crops experience water and
temperature stresses of varying degrees
and duration at various growth stages,
thus, relevance of K nutrition under
such stress conditions may assume
great importance.
Potassium in Plant System
Potassium,
an
important
macronutrient for plants, carries out
vital functions in metabolism, growth
and stress adaptations (Krauss, 2001;
Krauss and Johnston, 2002). These
functions can be classified into those
that rely on high and relatively stable
concentrations of K+ in certain cellular
compartments and those that rely on K+
movement
between
different
compartments, cells or tissues (Vyas et
al., 2001). The first class of functions
includes enzyme activation, stabilization
of protein synthesis and neutralization
of
negative
charges
on
proteins
(Marschner, 1996). The second class,
linked to its high mobility, is particularly
evident where K+ movement is the
driving force for osmotic changes as, for
example, in stomatal movement, lightdriven and seismonastic movements of
organs, or phloem transport (Amtmann
et al., 2004). In other cases, K+
movement provides a charge-balancing
counter-flux i.e. essential for sustaining
the movement of other ions (Singh and
Singh, 1999). Thus, energy production
through H+ ATPases relies on overall
H+/K+ exchange (Tester and Blatt,
1989). Accumulation of K+ (together
with an anion) in plant vacuoles creates
the necessary osmotic potential for rapid
cell extension (Singh and Singh, 1999;
Warwick and Halloran, 1991).
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Abiotic Stresses
Soil moisture
The transport of K ion in soil
medium towards plant roots takes place
by mass flow and diffusion. On an
average 10 per cent of total K+
requirement of crops is transported by
mass flow. In general diffusion is the
main process of K+ transport. According
to Nye (1979) the diffusion of K+ in the
soil
solution
increases
with
soil
moisture. Tortuousity i.e. the soil
impedance increases with drying of soil.
The diffusion coefficient for K+ of about
1x10-7 cm-2 sec-1 at a soil water content
of 23% decreases to 5x10-8 cm-2 sec-1 at
10% moisture content which is about
1.5x10-5 cm2 sec-1 in pure water (Mengel
and Kirkby, 1980). As water stress
develops, K+ helps in reducing the extent
of crop growth loss through maintaining
higher activity of enzyme nitrate
reductase, which normally decreases
under stress condition (Saxena, 1985).
Potassium is also involved in the
biosynthesis of proline and crop
varieties with higher proline content are
reported to have high yield stability as
well as high productivity under moisture
stress (Krishnasastry, 1985).
With variations in wet and dry
conditions, the added K fertilizer may
yield large responses in K responsive
soils. Barber (1963; 1971) reported that
lesser the rainfall for 12 weeks after
planting, the greater the per cent yield
increase of soybean from K additions
(Fig.1). However, with low rainfall the
roots tend to function more in the subsoils and much lower in low K status
(Nelson, 1978).
Percent yield
increase from K
addition

Potassium deficiency leads to (i)
growth arrest due to the lack of the
major osmoticum (Singh et al., 1997 ;
Warwick and Halloran,1991) , (ii)
impaired nitrogen and sugar balance
due to inhibition of protein synthesis,
photosynthesis (William,1999) and longdistance transport (Bhaskar, et al.,2001)
and (iii) increased susceptibility to
pathogen probably due to increased
levels of low molecular weight nitrogen
and sugar compounds (Tiwari et al.,
2001). In a natural environment, low-K
conditions are often transient therefore,
plants have developed mechanisms to
adapt to short-term shortage of K
supply.
Potassium
is
involved
in
numerous functions in the plant, such
as in enzyme activation, cation/anion
balance, stomatal movement, phloem
loading, assimilate translocation and
turgor regulation, etc. (Golakiya and
Patel, 1988; Singh et al., 1999; Umar,
1997). Stomatal resistance decreases
and photosynthesis increases with
increasing K content of leaves (Peoples
and Koch, 1979). In tobacco plants well
supplied with K, 32% of the total N 15
taken up within 5 hrs was incorporated
into protein whereas, by 11% in K
deficient plants (Koch and Mengel,
1974). Potassium deficient leaf cells
accumulate substantial quantities of low
molecular weight organic compounds
(Noguchi and Sagawara, 1966; Baruah
and Saikia, 1989) because they act as
an osmoticum in the absence of
sufficient potassium.
Potassium and Stress Tolerance
Abiotic
and
biotic
stresses
negatively influence survival (Agrawal et
al., 2006) biomass production and crop
yield (Amtmann et al., 2004; Dev, 1995;
Tomar, 1998). Climatic extremes and
unfavorable soil conditions are two
major determinants affecting crop
production
(Singh
et
al.,
2004).
Potassium supply up to certain extent,
can lessen their adverse effects on crop
growth. The word abiotic means nonliving and the components are those
that do not have life, such as soil and
climate / weather parameters. The biotic
means living and components are those
that have life, for example, plants,
animals, microorganisms as well as
some decomposers.

To provide 5 kg K/ha to the
roots, the required K concentration in
the soil solution in moist and dry soils
varied. The drier the soil, the higher is
the needed K concentration (Johnston et
al., 1998). The K flux improves with the
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soil moisture (Fig. 2). On the other hand,
a generous K supply can, to certain
extend, compensate less diffusive K flux
in drier soils.
With high rainfall and/or in
waterlogged conditions the pore spaces
in the soil get filled with water and
oxygen content declines. This lowers
respiration in plant roots and thus
decline in nutrient absorption. However,
by adding high amounts of K, the K need
of the plant can be met even when root
respiration is restricted (Skogley, 1976).
Working on barley crop the adequate K
had a reduced transpiration rate during
stress (rate relative to 1.0 under nonstress) 5 minute after exposure to hot
windy conditions. On the other hand,
under
severe
K
deficiency,
the
transpiration rate greatly increased.
Greater water loss, thus, could limit the
crop yield. Hot and dry winds are
common occurrence in the plains and
may be disastrous to crops.
Potassium
fertilization
can
partially
overcome
the
adverse
conditions of poor aeration caused by
waterlogging or compaction (Nye, 1979).
The uptake of K is a process that
requires energy provided by root
respiration. If oxygen is lacking, root
respiration is impaired and so is K
uptake. As early as in 1963, Brown
reported that poorly drained soils with
low K resulted in poor yield as compared
to the well drained soils. However, when
K was increased to 150 kg/ha the yield
increased even in poorly drained fields
(Table 1).
Table 1. Yield of lucerne (ton/ha)
under varying pH and drainage
conditions
pH 5.8
pH 6.5
37
Soil
150
150
37 kg
kg
drainage
kg
kg
K/ha
K/
K/ha
K/ha
ha
Poorly
7.4
10.7
8.10
12.3
drained
Well
9.2
10.7
9.8
11.9
drained
Source: Brown, 1963
A
number
of
physiological
disorders are related to K levels in poorly
aerated paddy soils. In such soils
excessive ferrous (Fe2+) or the presence
of respiration inhibitors like hydrogen
sulphide may inhibit K uptake and

cause Fe toxicity, a disorder commonly
known as “bronzing” (Dev,1995 ;
Hardter,1997).
Soil salinity
Plant adaptations to saline
conditions can depend on an increase in
specific inorganic and organic solutes
within the cell, which may contribute
osmoregulation or to the ability to
prevent the accumulation of salts within
the cytoplasm (Warwick and Halloran,
1991; Singh and Singh, 1999) . The
operation of either mechanism is
important for tolerance and adaptations
to salinity. Analysis of plant tissues for
Na and K contents under salt stress
condition has been suggested as one of
the useful parameter to measure the
varietal salt tolerance (Warwick and
Halloran, 1991; Singh and Tiwari,
2006). In this regard, Singh and Singh
(1999) tested four chickpea varieties
including tolerant and susceptible for Na
and K contents with increasing salt
stress (Singh et al., 2004). It was
observed that the values of K content in
tolerant genotypes were significantly
higher than those of susceptible
genotypes (Singh et al., 2006).

Fig. 2.

K diffusive fluxes as
affected by soil water content
and K status of the soil
(Source: Gath, 1992)
Temperature
Potassium can help plants to
tolerate to both very high and very low
temperatures (Grewal and Singh, 1980).
The relationship between K nutrition
and temperature is complicated by the
interaction of soil and plant factor
(Johnston et al., 1998). Frost damage
has been reduced by maintaining of
good level of K in the tissues of both
annual and perennial crops (Grewal and
Singh 1980; Shrinivasa Rao and Khera,
1995). The results from the findings of
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Grewal and Singh (1980) demonstrated
that frost damage of the foliage of potato
is inversely related to the K content of
leaves.
Similarly, the pattern of K uptake
increases with increasing temperature
up to a maximum and very high
temperature can be detrimental if the
loss of energy through respiration
becomes excessive. Alterations in the
amount of shade influences the effect of
factors, such as temperature and
moisture condition on growth and yield
and thereby, K requirements (Nelson,
1978; Dev, 1995; Rao, 2004).
Biophysical properties
The
biophysical
role
of
potassium, in turgor maintenance and
expansive growth, particularly its role in
stomatal regulation and its effects on
water
use
and
carbon
dioxide
assimilation processes are affected by K
deficiency
(Rao,
1999).
However,
moisture stress undoubtedly is known
to reduce the turgidity of cells (Umar,
1997) and thereby, decreases stomatal
conductance and photosynthesis (Singh
et al., 1998). Potassium application
helps
in
drought
tolerance
and
enhanced maturity as well as juice
quality in sugarcane. The application of
potash @ 80kg K2O/ha resulted in an
increase in leaf area, diffusion resistance
of stomata and thereby, reduced
transpiration
rate
over
without
application (Tiwari et al., 1998). This
could be due to adequate supply of the
potassium. However, the stomata close
rapidly under drought and minimize the
transpiration rate (Umar, 1997). Role of
K in stomatal regulation in Brassica
under moisture stress had also been
reported (Sharma et al., 1992).
It has also been observed that
most of the tropical legumes experience
frequent droughts of varying degree and
durations during their growth periods.
Potassium influences the water economy
and crop growth through its effect on
water utilization, by root growth
reflecting
maintenance
of
turgor,
transpiration and stomatal behavior
(Nelson,
1978)
and
consequently
influencing dry matter production to
greater extent (Cadisch et al., 1993).
Singh et al. (1997) also observed
relatively lower values of leaf osmotic
potential under water stress. While,

these
increased
upon
watering,
indicating the change in osmoregulation.
Under stress condition, the decline in
osmotic potential is mainly due to the
accumulation of solute like K+, proline
and soluble carbohydrates. Moreover,
the osmotic adjustment enables plants
to deplete the soil water to a lower soil
water potential level. Thus, facilitates a
greater exploration of available soil
moisture by roots (Singh et al., 1997;
Tiwari et al., 1998; Willium, 1999).
Golakiya
and
Patel
(1988)
studied the effect of cyclic dry spells and
potassium treatments on the yield and
leaf diffusive resistance of groundnut.
The repeated occurrence of stress
conditions
caused
considerable
reduction (up to 75%) in pod yield and
the shortfall in production was still
higher in the case of consecutive dry
spells. Potassium application of 60 kg
K2O/ha enhanced the level of production
over control (no water stress) and could
also restore the loss in pod yield to a
noticeable extent. A marked increase in
the diffusive resistance of leaves with K
fertilization supports the contention that
potassium
plays
an
important
physiological role in counteracting
adverse conditions caused by drought.
Photosynthesis is the process
through which the energy of solar
radiation is directly converted in to
sugar, starch and other organic
components (William, 1999). Though, K
is not an integral part of chlorophyll
molecule,
but
it
influences
photosynthesis to a greater extent.
Photosynthesis
rate
drastically
decreases under water deficit because of
both stomatal and non-stomatal factors
(Umar, 1997; Singh et al., 2004). The
reduction in photosynthetic rate is also
due to decreased leaf water potential
and RWC under water stress, which
leads
to
decrease
in
stomatal
conductance. The rate of photosynthesis
is enhanced with supply of K in rooting
medium because K helps in maintaining
the rate by improving RWC and leaf
water
potential
through
osmotic
adjustment under stress (Singh et al.,
1997). It has also been reported that
accumulation of optimum K in guard
cells provides the adequate amounts of
solute necessary in developing proper
leaf water potential gradient required for
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movement into guard cells for stomatal
opening necessary for photosynthesis.
The amount of solar energy transformed
into dry matter production, thus will be
greater even in moisture stress condition
under adequate K supply (Cadisch et al.,
1993).
Effect of K levels (25, 50,100 and
200 ppm) on water relations, CO2
assimilation, enzyme activation and
plant performance under soil moisture
deficit in cluster bean (Vyas et al., 2001)
have shown that the plant water
potential and RWC declined due to water
stress at all K levels . However, the
decline was less in plants growth at 200
ppm K level as compared to plants
grown at low K levels. Wyrwa et al.
(1998) observed that in K depleted soils
under drought condition, the triticale
yield got decreased by more than 50%
whereas, application of 100 kg K2O/ha
increased the yield to a level which was
only about 17% less than the yield of
plants well supplied with water (Fig. 3).

Fig. 3. Effect of potassium supply on
yield of triticale as affected by
drought
(Source: Wyrwa et al., 1998)
The yield improvement due to K
application in number of crops suggests
that under low moisture K application
may result in yield improvement only
when K availability is limiting. The
evidences indicate that application of K
mitigates the adverse effect of water
stress by favorably influencing internal
tissue moisture, photosynthetic rates
and nitrogen metabolism.
Biotic Stresses
Insect, pest and disease incidence
Crops are constantly subjected to
several fungal, bacterial and viral
deceases. It has been observed that
disease incidence, in general increases

with the increase in Nitrogen level
(susceptibility) that results in an
increase in reducing and non-reducing
sugar contents, but invariably decreases
with
potassium
applications
(Velazhahan and Ramabadran, 1992).
Amongst fungal diseases especially the
sheath rot caused by Sarocladium
oryzae in rice has assumed much
importance in recent years by causing
heavy yield losses (Bhaskar et al., 2001).
They reported that the sheath rot
disease incident in rice increases with
increase in N levels from 0 to 300 kg
N/ha while, the phenol content in leaf
sheath was found to increase with K
application as compare to N levels.
Further, it was observed that higher the
phenol content, lower was the sheath rot
incident probably due to growth of
inhibiting pathogens.
Potassium has been shown to
reduce the severity of several plant
diseases. For example, Baruah and
Saikia, (1989) reported that at low levels
of potash the stem rot disease
infestation in rice was relatively much
greater ranging from 38.5 to 42.5 per
cent, in comparison to optimum K
levels.
Potassium
inhibits
the
accumulation of soluble carbohydrates
as well as nitrogenous compounds in the
tissues, thus helping to counteract a
situation that favours fungal growth
when K level is deficient. Similarly,
lignifications of vascular bundles could
be responsible for greater susceptibility
in plant for pathogen attack and
survivals
(Jayraman
and
Balasubramanian, 1988). Potassium,
more than any other element, is known
to reduce plant susceptibility to diseases
by influencing biochemical processes
and tissue structures. Due to the
interaction
of
factors,
such
as
environmental conditions, susceptibility
of the plant or variety to disease, disease
incidence and level of other nutrients,
the effects of K can be variable. In a
recent review it has been reported that
high levels of K nutrition reduced the
severity of more than 20 bacterial
diseases, more than 100 fungal diseases
and 10 diseases caused by viruses and
nematodes
(Marschner,
1995;
Marschner et al., 1996). Potassium
deficiency usually results in the
accumulation of soluble N compounds
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and sugars in plants, which are a
suitable food source for parasites.
Whereas adequate K results in stronger
tissue and thicker cell walls which are
more resistant to disease penetration,
while N has the opposite effect.
The concentration of soluble
assimilates in a plant cell is an
important factor for the development of
invading
pathogens
especially
for
obligate parasites such as mildew or
rust. This group of pathogens requires
living plant cells to complete their life
cycle. Thus, the host cell must survive
the invasion by the parasite if the latter
is to survive. Ample N supply helps in
longevity of cells, high turnover of
assimilates and high content of low
molecular
weight
compounds.
Facultative
parasites,
in
contrast,
require weak plants to be infested and
killed to survive. Vigorous plant growth
stimulated by ample N would suppress
infestation by this group of pathogens.
This may explain differences in the
expression of plant diseases in relation
to the nutrition of the host (Krauss,
2000) summarizes (Fig. 4) the effects of
N and K on the severity of the infestation
by both obligate and facultative
parasites.

Fig. 4: Effect of N and K on expression of
diseases caused by obligate and facultative
parasites (Source: Marschner, 1995)

As a general observation, plants
excessively supplied with N have soft
tissue with little resistance to penetration
by fungal hyphae or sucking and chewing
insects (Krauss, 2000). On-farm trials in
India with soybean showed considerable
less
incidences
with
girdle
beetle,
semilooper and aphids when supplied with
adequate potash (Fig. 5).

Fig.5: Pest incidence in soybean as
affected by potash supply (Source:
Krauss, 2000)
Similarly, excessive growth due to
an unbalanced N supply can also create
microclimatic conditions favorable for
fungal diseases. Lodging of cereals as
commonly observed at over supply with
nitrogen and inadequate potash is a good
example, humidity remains longer in
lodged crops giving ideal conditions for
germination of fungi spores.
Insufficient K also causes a pale
leaf colour that is particularly attractive to
aphids, which not only compete for
assimilate but transmit viruses at the
same time. Wilting, commonly observed
with K deficiency, is another attraction to
insects. Cracks, fissures and lesions that
develop at K deficiency on the surface of
leaves and fruits provide easy access,
especially for facultative parasites.
The ratio between nitrogen and
potassium plays obviously a particular role
in
the
host/pathogen
relationship.
Perrenoud (1990) reviewed almost 2450
literature references on this subject and
concluded that the use of potassium (K)
decreased the incidence of fungal diseases
in 70% of the cases. The corresponding
decrease of other pests was bacteria 69%,
insects and mites 63% and viruses 41%.
Simultaneously, K increased the yield of
plants infested with fungal diseases by
42%, with bacteria by 57%, with insects
and mites by 36%, and with viruses by
78% (Fig. 6).

Fig.6: Effect of potassium on yield increase
and pest incidences
(Source: Perrenoud, 1990)
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The effect of K on crop specific
host/pathogen relationships for rice in
Asia has recently been summarized by
Hardter (1997). For example, stem rot,
Helminthosporium sigmoideum, generally
occurs at high nitrogen supply in soils
poor in K. With improved K supply, the
incidence decreases and yields increase.
A similar inverse relationship between
disease incidence and plant nutrition
with K has been reported for brown leaf
spot in rice (Helminthosporium oryzae),
rice blast (Piricularia oryzae) or sheath
blight of rice (Thanatephorus cucumeris).
A curative effect from applying K is also
seen for bacterial diseases in rice like
bacterial leaf blight, Xanthomonas
oryzae, although highly susceptible
varieties hardly responded to K in
contrast to varieties with a moderate
degree of resistance. The number of
whitebacked plant hopper, Sogatella
furcifera, could be substantially reduced
with K in the resistant rice variety IR
2035 but K had almost no effect with
the susceptible variety TN-1.
The enhanced rates of K
application can induce or improve insect
resistance by the following mechanisms.
Accumulation of defensive phenolic
compounds and their derivatives found
to be toxic to insects. Thus, making the
plants less palatable to insects and
thereby
causing
non-preference
(Perrenoud, 1990; Hardter, 1997).
Probable explanations for the
beneficial effect of K on the host
pathogen relationship focus on the
following mechanisms. At insufficient K
and/or
excessive
nitrogen,
low
molecular soluble assimilates like amino
acids, amide and sugars accumulate in
the
plant
cells.
Correspondingly,
Noguchi and Sugawara (1966) found in
leaf sheaths of rice that the content of
soluble N increased from 0.18 at
adequate K to 0.45% at NP only.
Similarly, soluble sugar increased from
1.52%
to
2.43%
at
NP.
The
concentration of soluble assimilates in a
plant cell is an important factor for the
development of invading pathogens such
as obligate parasites to complete their
life cycle.
Conclusion
In
India,
moisture
and
temperature stresses are the most
important abiotic stresses for crop

productivity and yield potentials. Soil
moisture alters physiological processes;
root elongation, turgidity and rate of
regeneration; stomatal conductance;
photosynthesis and rate of crop
development and maturity. It has been
observed that crop responses to fertilizer
K additions are often the greatest when
water is either deficient or excessive.
Potassium 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
affecting
the
stomatal
conductance.
Potassium usually speeds the
rate of development and maturity,
altering the deleterious effects of stress
at
critical
growth
stages.
Under
conditions where rainfall patterns are
highly cyclical, drought effects can be
reduced by advancing the date of
pollination when most crops are highly
sensitive to moisture stress.
Pulses
especially
chickpea
experiences temperature stress under
rainfed condition as this crop is taken
after kharif crops. The crop experiences
low temperature at initial stage of
growth, results in poor and slow
vegetative
growth
while,
high
temperature at the end of cropping
sequence leads to forced maturity
resulting
low
crop
production.
Potassium application helps plants to
tolerate both the high and low
temperatures.
Amongst abiotic stresses, soil
salinity is a major constraint that affects
plant
growth
and
yield.
Extra
expenditure of energy for osmotic
adjustments or in repair mechanism
under salinity stress causes growth
reduction. Potassium content in salt
tolerant genotypes has been reported to
be significantly higher than those of
susceptible genotypes. Addition of K in
salt-affected soils improves crop yields
including vegetable crops.
Potassium application inhibits
the
accumulation
pf
soluble
carbohydrates as well as nitrogenous
compounds in the tissues. This helps to
counteract a situation that favours
fungal growth when K levels are
deficient. Similarly lignifications of
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vascular bundles could be responsible
for greater susceptibility in plant for
pathogen
attack
and
survivals.
Insufficient K also causes pale yellow
colour to leaves that attracts aphids,
wilting in crops, commonly observed in
K deficient soils. Cracks, fissures and
lesions that develop under K deficiency
on surface of leaves and fruits provide
easy access for facultative parasites.
Available literature on K shows
that K application decreases incidence of
fungal diseases by 70 % of the cases,
bacteria by 69%, insect and mites 63%
and viruses 41%. Simultaneously,
increase the yield of plants infested with
fungal diseases by 42% with bacteria
57% with insect and mites by 36%and
with viruses by 78%.
It has established that phenol content
in leaves increases with increase in K
application resulting in low disease
incidence (leaf sheath rot and stem rot
in rice). Potassium content in shoots of
tolerant genotypes of various crops has
been reported to be significantly higher
than those of susceptible genotypes.
Plants under moisture stress have low
photosynthetic rate. The decrease in
solar energy harvest efficiency due to
moisture could be enhanced with K
application
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Microbial Indicators of Soil Health
R.K. Thakur, F.C. Amule and N.G. Mitra
Department of Soil Science & Agril. Chemistry, JNKVV, Jabalpur
Part I
1. Preamble
According to USDA, soil quality
indicators are classified into four
categories that include visual, physical,
chemical, and biological indicators.
Visual indicators can be obtained
through field visits, perception of
farmers, and local knowledge. These are
identified
through
observation
or
photographic
interpretation,
subsoil
exposure, erosion, presence of weeds,
color, type of coverage, and through
comparison between systems operated
with
the
unaudited
interim
anthropogenic, which gives a clear idea
whether the soil quality has been
affected positively or negatively. The
integration between scientist´s and
farmer´s evaluation shows how the local
knowledge used as indicators as valid
for consistent classification of soil
quality.
The physical indicators are
related to the organization of the
particles and pores, reflecting effects on
root growth, speed of plant emergence
and water infiltration; they include
depth, bulk density, porosity, aggregate
stability, texture and compaction.
Chemical indicators include pH, salinity,
organic matter content, phosphorus
availability, cation exchange capacity,
nutrient cycling, and the presence of
contaminants such as heavy metals,
organic
compounds,
radioactive
substances,
etc.
These
indicators
determine the presence of soil-plantrelated organisms, nutrient availability,
water for plants and other organisms,
and mobility of contaminants.
Finally,
biological
indicators
include measurements of micro- and
macro-organisms, their
activities or
functions. Concentration or population
of earthworms, nematodes, termites,
ants, as well as microbial biomass,
fungi, actinomycetes, or lichens can be
used as indicators, because of their role
in soil development and conservation;
nutrient cycling and specific soil fertility.

Biological
indicators
also
include
metabolic processes such as respiration,
used to measure microbial activity
related to decomposition of organic
matter in soil, and a commonly used
index: the metabolic quotient (qCO2),
defined as the respiration to microbial
biomass ratio, which is associated to
mineralization of organic substrate per
unit of microbial biomass.
Other biological indicators that
have been widely studied are the
chemical compounds or metabolic
products of organisms, particularly
enzymes
such
as
cellulases,
arylsulfatase, phosphatases, related to
specific
functions
of
substrate
degradation or mineralization of organic
N, S or P. Soil enzymatic activity assays
act as potential indicators of ecosystem
quality being operationally practical,
sensitive, integrative, described as
"biological fingerprints" of past soil
management, and relate to soil tillage
and structure. Determination of rates of
decomposition of plant debris in bags or
measurements of the numbers of weed
seeds,
or
the
presence
and
quantification of the population of
pathogenic organisms can also serve as
biological indicators of soil quality.
Intensification of agriculture is
one of the major impacts to the Danish
soil environment, as griculture accounts
for
two-third
of
the
land
use
[Organisation for Economic Cooperation
and Development, Paris (OECD, 1999)].
Adverse impacts of agriculture include
loss of biodiversity, nitrogen discharges
into surface water, eutrophication of
surface
water,
contamination
of
groundwater from pesticides and nitrate,
and ammonia volatilisation due to overfertilisation with manure. These impacts
are
exacerbated
by
infrastructure
development, increasing urbanisation,
waste disposal and forestry practices
(Ministry of the Environment, 2000).
Healthy soils are essential for the
integrity of terrestrial ecosystems to
remain intact or to recover from
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disturbances, such as drought, climate
change, pest infestation, pollution, and
human
exploitation
including
agriculture. Protection of soil is therefore

of high priority and a thorough
understanding of ecosystem processes is
a critical factor in assuring that soil
remains healthy.

Table 1 : Relationships between soil functions and ecological services
Soil functions
Food and fibre
production

Ecological services
C-cycling
Decomposition of orgnaic
matter
N-cycling
P-cycling
S-cycling
N fixation
Primary (microbial) activity
Soil food web transfers

Environmental
interactions

Supporting
ecological
habitats and
biodiversity

Disease & pest
transmission / suppression
Nutrient supply from
symbioses
Redistribution by
bioturbation
Bio-aggregation of soil
Degradation /
immobilization of
pollutants
C retention / release
N retention / release
P retention / release
S retention / release
Tolerance / resistance
(toxins)
Redistribution by
bioturbation
Bioaggregation of soil
Habitat for rare soil species
Germination zone of plants
Nutrient supply from
symbioses
Food source (above ground)
Reservoir for soil
biodiversity (taxonomic)
Reservoir for soi
biodiversity (genetic)
Reservoir for soil
biodiversity (functional)
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Examples of related soil biota
Microbial biomass,
methanogens
Microarthropods, saprotrophic
fungi
Nitrifiers, denitrifiers
Phosphatase, mycorrhiza
S- reducing bacteria
Rhizobia
Microbial community
structure and activity
Microbial community and food
web structure
Predators, pathogens
Mycorrhiza, N-fixers
Earthworms, ants
Fungi, worms
Fungi, worms
Microbial biomass,
methanogens
Nitrifiers, denitrifiers
Microbial activity, mycorrhiza
S-reducing bacteria
Soil community structure and
activity
Earthworms, ants
Fungi, worms
Wax cap fungi, Southern Wood
Ant
Plant roots, mycorrhiza
Mycorrhiza
Fungi, insects
Soil species and diversity
Community DNA and RNA
Nitrifiers, trophic structure,
worms
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Objective of terrestrial monitoring:
Long-term terrestrial monitoring
programme with the objective to follow
the state of the terrestrial environment
in the country has been proposed. It is
proposed to include monitoring of
important natural areas, biodiversity,
and the impact of xenobiotics and
climate changes. Monitoring activities
will, according to present plans,
primarily concentrate on vegetation,
fauna and abiotic properties. Monitoring
of soil is not explicitly mentioned, but as
soil supports all life forms in the
terrestrial
environment,
terrestrial
monitoring without soil monitoring is
incomplete. The monitoring strategy will
consist of both extensive monitoring of
many small areas and intensive
monitoring of a few large areas with high
priority. The monitoring activities will be
designed
to
discriminate
between
natural variations and human induced
changes, including impacts of policy
management.
2. Soil health
To manage and maintain soil in a
sustainable fashion, the definition of soil
health must be broad
enough to
encompass the many functions of soil,
e.g. environmental filter, plant growth
and water regulation. Soil health is the
net result of on-going conservation and
degradation processes, depending highly
on the biological component of the soil
ecosystem, and influences plant health,
environmental health, food safety and
quality.
Definition of soil health
Several definitions of soil health have
been proposed during the last decades.
Historically, the term soil quality
described the status of soil as related to
agricultural productivity or fertility. Soil
health are attributes chiefly associated
with biodiversity, food web structure,
and functional measures proposed the
following definition of soil health:
 The continued capacity of soil to
function as a vital living system,
within
ecosystem
and
land-use
boundaries, to sustain biological
productivity, promote the quality of air
and
water
environments,
and
maintain plant, animal and human
health

The definition encompasses a time
component, reflecting the importance of
continuous functions over time and the
dynamic nature of soil. Soil health thus
focuses on the continued capacity of a
soil to sustain plant growth and
maintain its functions regardless of the
fitness for any certain purposes.
Examples of dynamic soil properties
could be organic matter content, the
number or diversity of organisms, and
microbial constituents or products.
Microorganisms have key functions
in soil
The biological activity in soil is largely
concentrated in the topsoil, the depth of
which may vary from a few to 30 cm. In
topsoil, the biological components
occupy a tiny fraction (<0.5%) of the
total soil volume and make up less than
10% of the total organic matter in soil.
These biological components consist
mainly of soil organisms, especially
microorganisms. Despite their small
volume in soil, microorganisms are key
players in the cycling of nitrogen,
sulphur, and phosphorus, and the
decomposition of organic residues.
Thereby they affect nutrient and carbon
cycling on a global scale. That is, the
energy input into the soil ecosystems is
derived
from
the
microbial
decomposition of dead plant and animal
organic matter. The organic residues
are, in this way, converted to biomass or
mineralised to CO2, H2O, mineral
nitrogen,
phosphorus,
and
other
nutrients. Mineral nutrients immobilised
in microbial biomass are subsequently
released when microbes are grazed by
microbivores such as protozoa and
nematodes. Microorganisms are further
associated with the transformation and
degradation of waste materials and
synthetic organic compounds.
In addition to the effect on nutrient
cycling, microorganisms also affect the
physical properties of soil. Production of
extra-cellular polysaccharides and other
cellular debris by microorganisms help
in maintaining soil structure, as these
materials function as cementing agents
that stabilise soil aggregates. Thereby,
they also affect water holding capacity,
infiltration rate, crusting, erodibility,
and susceptibility to compaction.
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Microorganisms as indicators of soil
health
Microorganisms
possess
the
ability to give an integrated measure of
soil health, an aspect that cannot be
obtained
with
physical/chemical
measures and/or analyses of diversity of
higher
organisms.
Microorganisms
respond quickly to changes, hence they
rapidly
adapt
to
environmental
conditions. The microorganisms that are
best adapted will be the ones that
flourish. This adaptation potentially
allows
microbial
analyses
to
be
discriminating
in
soil
health
assessment, and changes in microbial
populations and activities may therefore
function as an excellent indicator of
change in soil health.
Microorganisms also respond quickly to
environmental stress compared to
higher organisms, as they have intimate
relations with their surroundings due to
their high surface to volume ratio. In
some instances, changes in microbial
populations or activity can precede
detectable changes in soil physical and
chemical properties, thereby providing
an early sign of soil improvement or an
early warning of soil degradation. An
example is the turnover rate of the
microbial biomass. This is much faster,
e.g. 1-5 years, than the turnover of total
soil organic matter. Observations in the
Soil Monitoring Programme have shown
that most microbial indicators indeed
have discriminating power relative to
different soil treatments. This has also
been shown for microbial biomass and
basal respiration at a regional scale. The
bioavailability of chemicals, e.g. heavy
metals or pesticides, is also an
important issue of soil health because of
its connection with microbial activities.
The impact of such chemicals on soil
health is dependent on microbial
activities.
For
example,
the
concentration of heavy metals in soil will
not change over small time periods, but
their bioavailability may. It has thus
been shown that the bioavailability of
poly-aromatic hydrocarbons was lower
in summer or fallow period compared to

cropping seasons due to a higher
microbial activity after the growing
season. Therefore, the total content of
chemicals in soil is not a reliable
indicator of its bioavailability and
thereby
soil
health.
Instead,
bioavailability has to be measured in
relation to bioassays and specific
microbial processes. In context of this,
microbial responses also integrate the
effect
of
chemical
mixtures,
an
information not obtained by studying
the chemical mixtures themselves.
Definition of microbial indicator
Indicators of soil health have further
been defined as measurable surrogates
for
environmental
processes
that
collectively tell us whether the soil is
functioning normally. In the context of
microbial
indicators,
these
measurements will cover soil microbial
processes and related parameters. A
microbial indicator is thus:
 A microbial parameter that represents
properties of the environment (state
variables)
or
impacts
to
the
environment, which can be interpreted
beyond the information that the
measured or observed parameter
represents by itself.
3.

Framework

for

evaluating

soil

health
Evaluation of soil health should be
considered relative to the many different
land uses, e.g. agriculture, forestry,
urbanisation,
recreation,
and
preservation.
The
objective
for
evaluating soil health in an agricultural
ecosystem
may,
consequently,
be
different from objectives used for
assessing urban or natural ecosystems.
Thus, in agriculture, soil may be
managed
to
maximise
production
without adverse environmental effects,
whereas in a natural ecosystem, soil
may be managed by a set of baseline
values against which future changes in
the system may be compared.
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Figure 1. Policy-relevant end points of soil health monitoring, several examples of
pressures on soil health are presented (shaded box) and this may impact
several end points of soil health (elliptical boxes).
A framework for soil health evaluation is
critical for the development of a useful
monitoring programme covering the
different functions and land-uses and it
must identify priorities and relevant
indicators relating to policy-relevant end
points. The main objective of this is to
provide policy-makers with relevant
environmental parameters based on
reliable and comparable data related to
soil and to facilitate comprehensive
reporting on the state of soils. It also
provides consistent measuring and
assessment at any site, from handling of
soil samples to the evaluation and
storage of data.
Integrated environmental assessment
Relevant indicators of specific end points
can be identified using the Integrated
Environmental
Assessment
method,
which is based on the Driving forcePressure-State-Impact-Response
(DPSIR) assessment framework, that has

been
developed
primarily
for
environmental issues (OECD, 1993). The
DPSIR framework analyses the complex
relationships between the environment
and the impact of economic activities
and societal behaviour. The driving force
(D) lead to pressures (P) on the
environment, affecting the state (S) and
leading to impacts (I), which finally
results in response (R) by the society.
The DPSIR framework has recently been
adopted by EEA (European Environment
Agency,
Copenhagen,
Denmark)
specifically for soil issues (Figure 2) and
is recommended for the terrestrial
monitoring programme. A prerequisite
for the use of the DPSIR framework is a
clear definition of the problems and a
scientific understanding of the causal
mechanisms. Further, the development
of indicators for each of the PSIelements is necessary. These indicators
should relate to the policy-relevant end
points of soil health.
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Figure 2. The DPSIR assessment framework applied to soil, examples of different
elements for agriculture are given
Requirements of indicators
 compatible with existing soil data
bases when possible
According
to
OECD
(1993),
Because of the multi-functionality of
environmental indicators must fulfil the
soil, it is difficult to identify one single
following three basic criteria. They
property as a general indicator of soil
should have:
health. Instead, end points can be
 policy relevance and utility for users
characterised by several soil ecosystem
 analytical soundness
parameters (Table 1), which again can
 measurability
be characterised by several microbial
Criteria specific for soil health indicators
indicators (Table 2):
have further been listed. They should be:
 linked and/or correlated with
ecosystem processes
 integrated with soil physical,
chemical, and biological properties
 selected relative to ease of
performance and cost effectiveness
 responsive to variations in
management and climate at an
appropriate time scale

End point 
soil ecosystem
parameters

microbial indicators
A list of microbial indicators relating to
end points of soil health is shortly
presented in the next chapter, while a
more detailed description of these is
presented in Part II.

Table 2 : End points of terrestrial monitoring and corresponding soil ecosystem parameters.
End point
Atmospheric balance
Soil ecosystem health

Soil microbial community health

Leaching to underground water or surface
run-off
Plant health
Animal health
Human health

Soil ecosystem parameter
C-cycling
Biodiversity
C-cycling
N-cycling
Microbial biomass
Microbial activity
Key species
Biodiversity
C-cycling
Microbial biomass
Microbial activity
Bioavailability
N-cycling
Bioavailability
N-cycling
Key species
Microbial biomass
Bioavailability
Key species
Bioavailability
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4. Microbial indicators of soil health
Microbial indicators of soil health cover
a diverse set of microbial measurements
due to the multi-functional properties of
microbial communities in the soil
ecosystem (Table 2). In this part of the
topic,
microbial
indicators
cover
bacteria, fungi and protozoa. The
indicators are grouped according to the
different soil ecosystem parameters. It is
not a complete list of all possible
microbial indicators, but it includes a
vast number of available and future
methods. Both traditional methods and
modern, often suitable molecular-based
methods are included.
4.1. Guidelines for selection
microbial indicators
Minimum data set (MDS)

of

Inclusion of all the microbial indicators
listed in Table 3 in a monitoring
programme is not feasible. Instead, a
minimum data set (MDS) consisting of
the smallest number of indicators
needed to address the specific end point
should be defined. Besides microbial
indicators, a MDS for soil health
monitoring should also include physical,
chemical and biological indicators.
A MDS is based on the objective of the
monitoring programme and may very
well be different for different end points.
Furthermore, the optimal MDS vary for
different soil types and regions, since
indicators
vary
due
to
climate,
topography, parent material, vegetation
and land use practices. Representatives
of both inherent and dynamic soil
components should be included in a
MDS. Inherent soil properties are
determined by the basic soil forming
factors,
including
the
geological
material, climate, time, topography and
vegetation. Dynamic soil properties are
based on biological activity and include
microbial indicators. In the following,
only microbial indicators will be dealt
with as a part of a MDS.
Generally, indicators of a MDS should
be selected on the basis of their ease of
measurements,
reproducibility,
and
their sensitivity towards key variables
controlling soil health. Each microbial
indicator, however, represents slightly
different aspects of soil health and has
its advantages and disadvantages. Some

kind of guiding of this selection is
therefore needed and several ways to
select are presented below.
Broad or detailed measurements
The selection of indicators should be
broad enough to give policymakers
and/or the general public an overview of
the state of the environment, while
detailed indicators are needed to better
understand underlying trends. For
microbial indicators, the overview will be
accomplished by measurements at the
ecosystem level (e.g. processes), which
have been proposed to offer the best
possibilities
for
rapidly
assessing
changes in soil health. Resulting data
will allow decisions to be made at the
community
(e.g.
biomass
and
biodiversity) or population (e.g. species
or functions) levels and allow these
detailed studies to be planned more
precisely.
Ranking of the indicators
Ranking of the indicators according to
applicability,
economy,
ease
of
interpretation,
development
needs,
sensitivity etc. has also been proposed
as a way to select the optimal indicator
of soil health. It is the experience that
makes ranking very subjective. Ranking
of applicability and development needs
to be straightforward, while ranking of
the interpretation, sensitivity, and
economy is more complicated. In Table
3, a ranking with respect to applicability
and
needed
development
of
the
microbial indicators is attempted.
Methodological requirements
Methodological
requirements
are
included in the selection of indicators in
the Soil Monitoring Programme. The
methods thus should (i) have a high
degree of standardisation, (ii) have a
high practicability and be labour
extensive,
(iii)
have
a
high
reproducibility, (iv) be statistically
evaluated, (v) have a satisfactory
experience so far, and (vi) be broadly
accepted internationally.
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Table 3. List of microbial indicators for soil health monitoring (see Part II for more
details of the specific indicators)
Soil ecosystem
parameter
Biodiversity

C-cycling

Microbial indicator

Ready-to-use methods

Future methods

Genetic diversity
Functional diversity

PCR-DGGE
BIOLOG

Marker lipids
Soil respiration

PLFA
CO2-production or
O2-consumption
Cresp/Cbiomass
Litter bags

T-RFLP
Enzyme patterns
Diversity of mRNA
Oligo-/copio-trophs

Metabolic quotient (qCO2)
Decomposition of organic
matter
Soil enzyme activity
Methane oxidation
Methanotrphs
N-cycling

N-mineralization
Nitrification
Denitrification
N-fixation: Rhizobium
N-fixation: Cyanobacteria

Microbial
biomass

Microbial
activity

Key species

Bioavailability

Microbial biomass: Direct
methods
Microbial biomass:
Indirect methods
Microbial quotient
Fungi
Fungi-bacterial ratio
Protozoa
Bacterial DNA synthesis
Bacterial protein
synthesis
RNA measurements

Wood sticks

Enzyme assays
MPN
PLFA
NH4+ -accumulation
NH4+ -oxidation assay
Acetylene inhibition
assay
Pot test
MPN
Nitroginase activity
Microscopy
PLFA
CFI, CFE, Ergosterol
Cmicro/Corg
PLFA, Ergosterol
PLFA
MPN
Thymidine
incorporation
Leucine incorporation

Community growth
physiology
Bacteriophages

CO2-production or
O2-consumption

Mycorrhiza
Human pathogens

Microscopy, Pot test
Selective plating

Suppresive soil
Biosensor bacteria

Pot test
Remedios, Microtox

Plasmid containing
bacteria
Antibiotic resistant
bacteria
Incidence and expression
of catabolic genes

Gel electrophoresis

FISH

Molecular methods

MPN-PCR

RT-PRC
FISH
Host specific
plaque assay
Molecular methods
Molecular/immuno
logical methods
New genetic
constructions

Selective growth

Molecular methods

Selective growth

Activity
Molecular methods
RNA measurements
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Laboratory
versus
field
measurements
Indicators can also be selected on basis
of whether they are laboratory (in vitro)
or field (in situ) measurements. In vitro
measurements may involve incubation
of a soil sample in the laboratory under
standardised
conditions
and
thus
provide an estimate of the potential of
the soil. Interpretation of in vitro
measurements in relation to soil health
can be difficult, since the results depend
on the incubation conditions, which may
not be comparable to field conditions.
Examples of in vitro measurements are
soil respiration, CFI/CFE, SIR, Nmineralisation,
nitrification,
denitrification, MPN and other growthbased methods (Table 3). In situ
measurements are based either on direct
measurements in the field or fixed
samples analysed in the laboratory.
They give a “snap-shot” measurement of
the conditions in the soil. In situ
measurements, however, are often very
sensitive to spatial and temporal
variation (see 5.1) and this may override the variability in soil health status.
Examples of in situ measurements are
gas emissions, PLFA, organic matter
decomposition, thymidine and leucine
incorporation, short-term enzyme assays
and most molecular methods (Table 3).
Integrated measurements
Integration of more indicators into one
single method may be a way to reduce
the number of indicators. At present,
only
few
methods
provide
such
integrated
information.
The
phospholipid fatty acid (PLFA) analysis
provides
information
about
soil
microbial
biomass,
fungal-bacterial
ratio, biodiversity and occurrence of key
species (see Part II for more details) in
one
analysis.
Substrate
induced
respiration (SIR) provides measurement
of basal respiration and soil biomass.
Finally, the carbon utilisation pattern
(BIOLOG) provides a profile of the
microbial community and information
on potential metabolic capacity, which
together comprise functional diversity.
Microbial indicator MDS in soil
monitoring programmes
It has recently been noted that
measurements relating to early changes

in organic matter and biological and
microbial attributes are particularly
underrepresented
in
existing
soil
monitoring
networks
world-wide,
although these are emerging areas of
interest to the scientific community.
Experience with the use of microbial
indicators in soil monitoring is available
in some European countries, where the
most commonly used indicators are
microbial biomass and soil respiration.
A recent report on new molecular tools
for
soil
monitoring
activities
recommends BIOLOG and PLFA analysis
as future methods for biodiversity
measurements
in
ecotoxicological
analysis.
In
the
United
States,
comprehensive
investigations
on
microbial indicators are implemented at
many monitoring sites that are part of
The International Long-Term Ecological
Research (ILTER) network.
5.2. Sampling strategies
A sampling strategy includes plans for
site
selection,
sampling
methods,
sampling frequency, and pre-treatment
of samples and is intimately connected
to the purpose of the programme.
Generally, the biggest challenge in soil
sampling strategies is to reduce the
number of samples to an acceptable
level based on scientific output and
analytical costs.
5.2.1. Site selection
There are two main approaches for site
selection
in
a
soil
monitoring
programme: the regional and the plot
approach.
The
regional
approach
involves hundreds or thousands of sites
and generates large amounts of data on
different
land-use
types,
thereby
overriding inter-site variability. The plot
approach is more site specific and
involves a smaller number of sites. The
data generated is generally more
intensive and of greater scientific value,
especially for understanding ecological
relationships between the soil attributes.
The plot approach is therefore useful for
basic research studies, while the
regional
approach
is
useful
for
monitoring purposes.
5.2.2. Sampling methods
Different sampling methods are available
and basically the selection is a matter of
precision level compared to costs.
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Composite sampling
Composite sampling is a way to reduce the
cost of analysing samples in the
laboratory, since individual samples,
obtained from the area, are bulked
together and mixed. The method requires
that the sampling units are the same and
that no significant interactions exist
among the individual sampling units. The
use of field-scale composite samples has
been claimed to be an insensitive strategy
for the purpose of monitoring undisturbed
sites, since it does not say anything about
the distribution of variation. Composite
sampling should be avoided, since it
greatly reduces the variability.
Systematic sampling
By systematic sampling, samples are
obtained at predetermined points, usually
along sets of parallel lines (transects) or in
a grid. This method ensures that the entire
site being sampled is well represented by
the individual samples. The approach is
effective in characterising contaminated
soil and advantageous for geostatistical
methods (see below) and for identifying
high and low values of the indicator.
Random sampling
Random sampling uses random sample
points within a grid and is completely
unbiased. The method provides limited
information on the spatial distribution of
the soil property being measured and
deviating
sub-areas
are
generally
underrepresented
by
this
sampling
method. Random sampling is unsuitable
for a monitoring programme, as the aim of
fully categorising the site is of a higher
priority than that of having a completely
unbiased site selection.
Stratified random sampling
Stratified random sampling takes deviating
sub-areas into account, because the area
to be sampled is divided into smaller subareas according to specific habitats and/or
land use patterns. Each sub-area is
sampled following the random sampling
procedure. This sampling method is
probably the most suitable for soil
monitoring and is consistent with the
ecosystem and land use boundary concept
used in the definition of soil health (see
Chapter 2).
Geostatistical analysis
Geostatistic is a modern statistical tool
designed to determine spatial patterns and
predict values of non-sampled locations.
The analysis is based on the assumption

that points situated close to one another
in space share more similarities than
those farther apart. The first step is to
develop
a
mathematical
model,
a
variogram, which describes the spatial
relationship of sampling points. The
second step is kriging, which uses the
model to estimate each value in the nonsampled area and use these to produce
detailed interpolation maps of specific
parameters. Geostatistical analysis is also
a tool for estimating number of samples
for a given precision and has improved the
sensitivity of forest soil monitoring. The
practical use of this method for a nationalscale monitoring programme has, however,
been questioned, because a minimum of
200 sample points may be required to
estimate a variogram.
The required sampling frequency depends
on the degree of variation within the
sampling area and financial limitations.
Sampling frequencies in several European
soil monitoring programmes vary from one
to ten years depending on the microbial
indicator. This frequency fits well with the
identification of microbial properties as
dynamic ndicators, which is recommended
to be analysed within these time intervals.
Due to their dynamic nature, microbial
indicators are highly variable and it is
recommended to measure at a time of the
year when the climate is stable and when
there has been no recent soil disturbance.
Time of sampling is usually before plant
growth and when the soil is not too wet
(50-60% WHC).
5.2.3. Pre-treatment of soil samples
Pre-treatment of soil samples for analysis
in the laboratory includes packing in the
field, transporting, and possibly sieving,
storage and incubation before analysis. It
is generally recommended that soil
samples for microbial analyses are packed
in plastic bags and placed on ice for
transport
to
the
laboratory
and
subsequent use. The microbial analyses
should be carried out, as quickly as
possible. International standards for pretreatment
of
soil
samples
for
microbiological analyses do exist (see
below).
Sieving
Sieving is used to obtain homogenous soil
samples free of plant residues and soil
animals. A mesh size of 2 to 4 mm is
recommended, the larger mesh size for
moist clay soil. A mesh size of 5 mm is
used in some monitoring programmes. If
the soil is too wet, careful drying is
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necessary before sieving to avoid smearing
of aggregates. It is recommended to sieve
before freezing of the samples.
Storage
Storage of soil samples for microbial
analysis is performed differently in the
reviewed soil monitoring programmes
(Table 5). Storage time varies between one
and six months, depending on storage
temperature and microbial indicator. It is
generally recommended to store soil
samples for microbial analysis at 2-4 oC
Experiments have shown that soil samples
for microbial biomass determination can
be stored up to six months at 2-4 oC,
however, analysis of some soil enzyme
activities allows only a very short storage
period, because of rapidly decreasing
activity with time. Storage of moist soil at
–20oC for up to one year was found to be
the best method for determination of
microbial biomass and several microbial
processes.
Fast
thawing
and
a
subsequently short pre-incubation period
have further been shown to be important,
especially for studies on N-mineralisation
and basal respiration.

Pre-incubation
Pre-incubation of soil samples for in vitro
analyses is often used to condition the
samples before analysis. Applied preincubation conditions may vary. The time
of pre-incubation varies from 3 to 28 days,
the temperature from 12 oC to 22 oC or
room temperature and the soil moisture
from 40 to 60% WHC.
5.3. Standardisation of methods
Sampling method standardisation
International standards for sampling
procedures (collection, handling and
storage) and pre-treatment of soil samples
exist within the ICP-IM network.
Analytical method standardisation
ISO standards (International Organisation
for Standardisation, 1994, ISO standards
compendium. Environment - Soil quality,
Geneva, Switzerland) exist however for
determination of microbial biomass by SIR
(ISO 14240:1:1997) and CFE (ISO 142402:1997) and for N-mineralisation and
nitrification (14238:1997).

Table 4. Recommended microbial indicators in a terrestrial monitoring programme
End point of soil health

Soil ecosystem parameter

Bioavailability
N-cycling
Bioavailability

Proposed microbial indicator
Included in a MDS for a specific
end point
Methane oxidation
Microbial biomass (direct
method)
Decomposition of organic matter
N-mineralization
Genetic diversity
Functional diversity
Structural diversity
Mycorrhiza
Decomposition of organic matter
Bacterial DNA / protein
synthesis
Genetic diversity
Functional diversity
Structural diversity
Biosensor bacteria
N-mineralization
Sensor bacteria

Atmospheric balance
Soil ecosystem health

C-cycling
Biomass

N-cycling
Key species
Biomass
Bioavailability
Bioavailability
Key species

N-mineralization
Mycorrhiza
Protozoa biomass
Antibiotic-resistant bacteria
Antibiotic-resistant bacteria
Human pathogens

C-cycling
N-cycling
Biodiversity

Soil microbial community
health

Key species
C-cycling
Microbial activity
Biodiversity

Leaching to underground
water
or surface run-off
Plant health
Animal health
Human health
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Part II
Catalogue of microbial indicators of
soil health
Microbial indicators of soil health
encompass a diverse set of microbial
measurements due to the multifunctional
properties
of
microbial
communities in the soil ecosystem. In
the present catalogue, bacteria, fungi
and protozoa indicators are considered.
They are grouped according to the
1. Indicators of biodiversity
End points
Soil ecosystem health
Soil microbial community
health

different soil health parameters of the
ecosystem that is biodiversity, carbon
cycling, nitrogen cycling, biomass,
microbial activity, key species and
bioavailability. The indicators relate to
the
ecosystem
(e.g.
processes),
community
(e.g.
biomass
and
biodiversity) or population (e.g. species
or functions) levels and this relationship
is noted together with relations to policyrelevant end point (see Part I Chapter 3).

Soil ecosystem parameter
Biodiversity

Information about microbial community
structure and diversity has been noted
as important for understanding the
relationship
between
environmental
factors and ecosystem functions. The
diversity of a community is expressed as
the species richness and the relative
contribution each species makes to the
total number of organisms present. The
number of species has traditionally been
determined by taxonomic classification
studies, but as these are sub-optimal for
microorganisms,
molecular
and
biochemical techniques of estimating
abundance and number of each species
must be applied. The benefit of a high
genetic diversity is currently under
debate because it is not always
correlated
to
functional
diversity.
Furthermore, the correlation between
soil health and biodiversity is not
completely understood, although a
medium to high diversity is generally
considered to indicate a good soil health.
1.1. Microbial genetic diversity
The genetic resources present in the
environment are the basis of all actual
and potential functions. The genetic
diversity of soil microorganisms is an
indicator of the genetic resource.
Methods for determination of the genetic
microbial diversity include several
molecular methods of which a few may
be implemented into a soil monitoring
programme.
Bacterial genetic diversity
Genetic diversity of bacteria is most
commonly studied by diversity of the
16S rDNA genes, which occur in all

Microbial indicators
Genetic diversity
Functional diversity
Structural diversity

bacteria and which show variation in
base composition among species. 16S
rDNA genes are thus used for
phylogenetic affiliation of Eubacteria and
Archaea and large databases exist on
sequences of 16S rDNA. Two methods
have been developed to examine the
diversity of 16S rDNA sequences in total
DNA extracted from soil microbial
communities, namely PCR-DGGE and TRFLP.
Denaturing
Gradient
Gel
Electrophoresis
(PCR-DGGE)
and
Temperature
Gradient
Gel
Electrophoresis (PCR-TGGE) are based
on variation in base composition and
secondary structure of fragments of the
16S rDNA molecule. By PCR with
primers
principally
targeting
all
eukaryotes or selected subgroups, a
fragment of 16S rDNA of known size can
be amplified. Following PCR, the
products
are
separated
by
gel
electrophoresis. By PCR-DGGE the gel
itself contains a chemical-denaturing
gradient,
making
the
fragments
denature along the gradient according to
their base composition. By PCR-TGGE a
temperature gradient is created across
the gel, resulting in the same type of
denaturation. The number and position
of fragments reflect the dominating
bacteria in the community.
For the PCR-DGGE and PCR-TGGE
methods, the low resolution of gel
electrophoresis compared to the high
diversity of bacterial communities can
be a problem. Soil communities may
easily contain several hundred bacterial
strains, while the resolution of more
than 20-50 bands on a gel is difficult.
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Terminal Restriction Fragment
Length Polymorphism (T-RFLP) is an
alternative
method
for
examining
diversity of 16S rDNA sequences of
microbial communities. It is also based
on PCR amplification of 16S rDNA with
specific primers. The primers are
labelled with a fluorescent tag at the
terminus resulting in labelled PCRproducts. The products are cut with
several restriction enzymes, one at a
time, which result in labelled fragments
that can be separated according to their
size on agarose gels. As the PCR
products are labelled at the terminus,
only restriction enzyme fragments
containing either of the terminal ends of
the PCR product will be detected. The
digested PCR products are subsequently
loaded on a sequencer. The output
includes fragment size and quantity.
Recently, the potential of the T-T-RLFP
method to discriminate soil bacterial
communities in cultivated and noncultivated soils has been demonstrated.
The method allows comparison between
different soils analysed in different labs.
The method, however, requires delicate
and expensive instruments along with
very pure DNA.
Fungal genetic diversity
The classical method for estimating the
fungal diversity of soil has been number
and morphology of fruiting bodies.
However, the majority of fungi in soil are
present either as resting stages (spores)
or mycelium. Both spores and mycelium
can be isolated from soil, but if a fruiting
body is not formed, identification of the
organisms is difficult at best, and
generally
impossible.
Further,
the
isolation step may be selective to specific
fungal groups, e.g. the fast growing
ones. Molecular methods based on 18S
rDNA provide tools that can overcome
these problems. However, a major
limitation is the limited number of
fungal nucleic acid sequences presently
available
in
databases.
Diversity
measurements
within
the
fungal
community in soil can also be measured
by
PCR-DGGE
and
PCRTGGE
(methodologies similar to bacterial
genetic diversity).
Protozoan genetic diversity
Protozoa is a phylum of single cell

eukaryotic organisms and as such may
resemble and better represent higher
organisms than prokaryotes. Protozoa
are a paraphyletic group primarily
consisting of naked amoebae, testate
amoebae, ciliates and heterotrophic
flagellates. Protozoa are very abundant
in soil, like bacteria, and exist in very
diverse and harsh environments. They
also resemble bacteria in that they are
important for soil health and fertility,
react quickly to environmental changes,
are ubiquitous and do not easily move
around in soil. Protozoa form an
essential part of all soil ecosystems and
have been proposed as early warning
indicators. Protozoan bioassays, for
example, have been used as a
discriminating indicator of heavy metal
contamination in soil amended with
sewage sludge.
Determination of the diversity of
protozoa is normally carried out by
taxonomic affiliation to species, groups
or families based on morphological
features. This method is very time
consuming, requires specialists and is
further complicated by the incomplete
taxonomic description of protozoa.
Alternatively, protozoan diversity can be
determined by molecular methods. The
diversity
of
protozoa
has
been
characterised by PCR-DGGE targeting
an 18S rDNA fragment (method similar
to bacterial genetic diversity).
1.2. Microbial functional diversity
The diversity of functions within a
microbial population is important for the
multiple functions of a soil. The
functional
diversity
of
microbial
communities has been found to be very
sensitive to environmental changes.
However, the methods used mainly
indicate
the
potential
in
vitro
functionality. Functional diversity of
microbial populations in soil may be
determined by either expression of
different enzymes (carbon utilisation
patterns, extra-cellular enzyme patterns)
or diversity of nucleic acids (mRNA,
rRNA) within cells, the latter also
reflecting
the
specific
enzymatic
processes operating in the cells.
Indicators of functional diversity are also
indicators of microbial activity and
thereby integrate diversity and function.

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

166

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

Carbon utilisation patterns (BIOLOG
assay)
Carbon utilisation patterns can be
measured by the BIOLOG assay. In this
assay, a soil extract is incubated with
up to 95 different carbon sources in a
microtiter plate and a redox-dye is used
to indicate microbial activity. Sets of
specific carbon sources have been
selected specifically for studies of soil
microbial communities. The result of the
assay is a qualitative physiological
profile of the potential functions within
the microbial community.
The BIOLOG assay has been
shown to be more sensitive than
microbial biomass and respiration
measurements to impacts of soil
management practices and of sewage
sludge amendments to soil.
Enzyme pattern
The enzymatic activity in soil is
mainly of microbial origin, being derived
from intracellular, cell-associated or free
enzymes. Only enzymatic activity of
ecto-enzymes and free enzymes is used
for determination of the diversity of
enzyme patterns in soil extracts.
Discrimination between free and cellassociated enzyme activity can be
obtained by a simple filtration step to
separate microbial cells from the soil
extract. The enzyme activity is quantified
by incubation of the soil extract with
commercial
fluorogenic
enzyme
substrates (4-methylumbelliferin (MUF)
and 4-methylcoumarinyl-7-amide (MC)
or
colometric
substrates
(remazol
brilliant
blue,
p-nitrophenol
or
tetrazolium salt) coupled with specific
compounds of interest (e.g. cellulose or
phosphate).
Diversity of mRNA
mRNA molecules are gene copies
used for synthesis of specific proteins by
the cell. The nucleotide sequences of
mRNA molecules reflect the type of
enzymes synthesised. Concentration of
mRNA is correlated with the protein
synthesis rate and as such with the
activity of the microorganism. Therefore,
the content and diversity of mRNA
molecules will give very accurate
pictures of the in situ function and
activity of the microbial community.

Detection and quantification of a specific
mRNA molecule can be done by reverse
transcription PCR (RT-PCR), which is a
very sensitive method. A prerequisite of
this technique is knowledge of the
nucleic acid sequence of the mRNA for a
specific gene. For certain genes, this
information is available. However, the
technique of quantifying mRNA is still in
its developmental stage. Sensitivity of
the method has though been improved
by associating a magnetic capture
system.
1.3. Structural diversity
Phospholipid fatty acids (PLFAs)
are stable components of the cell wall of
most microorganisms. They are polar
lipids
specific
for
subgroups
of
microorganisms, e.g. gram-negative or
gram-positive bacteria, methanotrophic
bacteria,
fungi,
mycorrhiza,
and
actinomycetes. Individual PLFAs can
thus be related to microbial community
structure.
The
method
gives
a
fingerprint
of
the
relative
PLFA
composition of the resident microbial
community.
PLFAs are extracted from soil samples
and subsequently analysed by gas
chromatography. Specific PLFAs are
subsequently
identified
and/or
quantified and the result is evaluated by
multivariate statistics.
PLFA profiles of soil samples offer
sensitive reproducible measurements for
characterising the numerically dominant
portion of soil microbial communities
without cultivating the organisms. The
technique gives estimates of both
microbial community composition and
biomass size (see chap. 4.1), and the
results represent the in situ conditions
in soil. The method is, however, time
consuming, although the extraction
procedure may be automated. PLFA
analysis has been used to detect a
pollution gradient in soil.
Ratio of oligo- and copio-trophic
bacteria
The ratio of oligotrophs (bacteria
that require a low nutrient input) to
copiotrophs (bacteria that require a high
nutrient input) has been proposed to
reflect the nutrient stress tolerance of
the species present in soil. A high ratio,
e.g. dominance of oligotrophs, may
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indicate stable environmental conditions
with low substrate availability. A low
ratio, e.g. dominance of copiotrophs,
may,
in
contrast,
indicate
an
environment regularly receiving input of
organic rich substrate, e.g. addition of
sewage sludge or pesticides.
The ratio of oligotrophs to
copiotrophs can be determined by either
colony appearance on agar substrates,
the rRNA-gene copy number in isolated
bacteria or rRNA-expression in bacterial
microcolonies.
The
appearance
of
colonies on agar substrates may simply
be determined by counting colony
forming units (CFUs) at specific time
intervals. The counts are complemented
by calculation of mean lag-phases and
absolute
numbers
of
bacterial
subpopulations. Early appearing CFUs
represent copiotrophic bacteria, while
late
appearing
CFUs
represent
oligotrophic bacteria. The number of
rRNA copies in isolated bacteria,
determined by molecular techniques,

has recently been shown to correlate
with the expression of the rRNA gene.
The rRNA gene expression can be
determined during growth in bacterial
microcolonies (mCFUs) by measuring
the
16S
rRNA
concentration
by
fluorogenic in situ hybridisation. A low
rRNA-copy number or a low rRNA
expression during growth indicate
dominance of oligotrohic bacteria and
hence a high ratio.
The CFU method is a simple and
inexpensive method and is ready to use
upon standardisation of incubation and
counting procedures. The molecular
methods are more comprehensive and
time
consuming
and
still
need
considerable
testing
before
implementation
into
a
monitoring
programme. However, they have the
potential for specifying the interacting
groups of organisms depending on the
specificity of the hybridisation probes in
use.

2. Indicators of carbon cycling
End points
Soil ecosystem health
Soil microbial community
health
Atmospheric balance

Soil ecosystem parameter

C-cycling

A major activity of soil microorganisms
is decomposition of organic matter. Soil
microorganisms
are
in
general
heterotrophic and rely on input of
carbon
energy
from
outside
the
microbial community. Organic matter in
soil is largely derived from higher plants
consisting
of
cellulose
(15-60%),
hemicellulose (10-30%) and lignin (530%). Indicators of carbon cycling
represent
measurements
at
the
ecosystem level.
2.1. Soil respiration
Soil respiration, which is the biological
oxidation of organic matter to CO2 by
aerobic
organisms,
notably
microorganisms, occupies a key position
in the C cycle of all terrestrial
ecosystems. It provides the principal
means by which photosynthetically fixed
carbon is returned to the atmosphere.
The
metabolic
activities
of
soil
microorganisms can be quantified by

Microbial indicators
Soil respiration
Organic matter decomposition
Soil enzymes
Methane oxidation

measuring CO2 production and/or O2
consumption.
Measurement of soil respiration is one of
the oldest, but still most frequently used
techniques
for
quantification
of
microbial
activities
in
soil.
Soil
respiration is positively correlated with
soil organic matter content, and often
with microbial biomass and microbial
activity. Soil respiration measurements
are included in most soil monitoring
programmes.
Soil respiration can be determined by
either
CO2
production
or
O2
consumption. Measurement of CO2
concentration is more sensitive, because
the atmospheric concentration of CO2 is
only 0.033% versus 20% for O2.
Determination of CO2 production from
soil samples can be made in the
laboratory by simple and inexpensive
techniques based on alkaline CO2 traps
followed by chemical titration or by more
sophisticated automated instruments
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based on electrical conductivity, gas
chromatography
or
infrared
spectroscopy. Combined with automated
sampling from test soil samples,
automated instruments make it possible
to determine CO2 production as a
function of time for several days.
Respiration is highly influenced by
temperature, soil moisture, nutrient
availability and soil structure. Preconditioning and standardisation of the
soil before measuring respiration is
necessary to minimise the effect of these
variables. Field measurements of soil
respiration are less often used due to
the high sensitivity to environmental
conditions,
although
such
measurements have been shown to
discriminate between different soil
management practices. Finally, soil
respiration measurements have been
used as an indicator of pesticide and
heavy metal toxicity.
Metabolic quotient
The metabolic quotient (qCO2), also
called the specific respiratory rate, is
defined as the microbial respiration rate
(measured as evolution of CO2) per unit
microbial biomass. Microbial biomass
for this purpose is often determined by
substrate induced respiration (see chap
4.1), and the respiratory activity is
determined concomitantly using the
same instruments.
The qCO2 has been used to study soil
over time and, generally, the quotient
decreases as the soil ages. Furthermore,
the qCO2 has been used in effect studies
of environmental conditions, such as
temperature and pH, soil management,
soil texture and compaction and heavy
metals. Generally, the qCO2 is found to
be highest when ecosystem stress level
is high. Caution, however, should be
taken when interpreting qCO2, since a
high quotient may infer stress, an
immature
ecosystem
or
a
more
respirable substrate.
2.2. Organic matter decomposition
Any disturbance in microbial activity will
result in a change of the organic matter
(OM) decomposition rate and hence the
availability and cycling of the most
important organic bound nutrients
within the ecosystem, such as carbon,
nitrogen, sulphur and phosphorus.
Knowledge
about
rates
of
OM

decomposition is thus a prerequisite for
understanding the availability and
recycling of all these nutrients.
Field incubation of different types of
plant litter or more standardised pieces
such as cotton strips and wood sticks,
are the most commonly used methods
for studying OM decomposition rates.
Litter bags
The advantage of using plant litter for
studying decomposition rates is the
natural origin of the litter, which
provides a direct correlation to naturally
occurring processes within the soil
ecosystem. The disadvantage of the
method is the difficulties in obtaining
uniform litter from year to year. Changes
in cellulolytic and ligninolytic enzyme
activities in litter bags have recently
been shown to explain changes in litter
decomposition upon nitrogen deposition.
A protocol for litter bag decomposition
studies is included in the ICP-IM
manual.
Cotton strips and wood sticks
Decomposition of cotton strips and wood
sticks can be measured by direct
placement into the soil. Decomposition
rate of the cotton strips is determined as
reduction in tensile strength per time
interval, while the rate for the sticks is
determined as simple weight loss. The
advantage of using cotton strips and
wood sticks is the ease of obtaining
standardised material. The disadvantage
is the fact that both substrates are
surrogates for the natural occurring
processes and hence, results that may
be
difficult
to
interpret.
The
decomposition rate of cotton, which
consists of pure cellulose, is much faster
than the rate of wood sticks. The cotton
strip method is however dependent on
specialised
equipment
for
tensile
strength measurements. Wood sticks
inserted into the soil have recently been
recommended for decomposition studies
in the Environmental Change Network
in UK, 1999.
All three types of OM tests make it
possible to determine and compare the
decomposition rates between different
sites, ecosystems, and time. Vertical
position in the soil horizon and the time
intervals between samplings must be
standardised.
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2.3. Soil enzymes and metabolites

clearly shown when soil is polluted with
heavy metals.
Easy, well-documented assays are
available for a large number of soil
enzyme
activities.
These
include
dehydrogenase, β-glucosidases, urease,
amidases,
phosphatases,
arylsulphatase, cellulases and phenol
oxidases (Table 7). A standard method
for determination of acid phosphatase
activity exists within the ICP-IM soil
monitoring network. Hydrolysis of the
fluorescent fluorescein diacetate is
thought to broadly represent soil enzyme
activity, because it is hydrolysed by a
number of different enzymes, such as
proteases, lipases and esterases. These
enzymatic
activities
are
widely
distributed in soil, where they mainly
originate from microorganisms, but also
from plants or animals.

Enzymes are the direct mediators for
biological catabolism of soil organic and
mineral
components.
Thus,
these
catalysts
provide
a
meaningful
assessment of reaction rates for
important soil processes. Soil enzyme
activities (i) are often closely related to
soil organic matter, soil physical
properties and microbial activity or
biomass, (ii) change much sooner than
other parameters, thus providing early
indications of changes in soil health,
and (iii) involve simple procedures. In
addition, soil enzyme activities can be
used as measures of microbial activity,
soil productivity, and inhibiting effects of
pollutants. Disturbance of the soil
microbial activity, as shown by changes
in levels of metabolic enzymes, can serve
as
an
estimate
of
ecosystem
disturbance. This relationship has been
Table 5. Soil enzymes as indicators of soil health
Soil enzyme

Enzyme reaction

Indicator of

Dehydrogenase

Electron transport system

Microbial activity

Beta-glucosidase

Cellobiose hydrolysis

C-cycling

Cellulase

Cellulose hydrolysis

C-cycling

Phenol oxidase

Lignin hydrolysis

C-cycling

Urease

Urea hydrolysis

N-cycling

Amidase

N-mineralization

N-cycling

Phosphatase

Release of PO4

P-cycling

Arylsulphatase

Release of SO4

S-cycling

Soil enzymes

Hydrolysis

General OM degradative enzyme
activities

Enzyme activities can be measured as in
situ substrate transformation rates or as
potential rates if the focus is more
qualitative. An important parameter is
whether decisions are made relative to in
situ or to maximum enzyme activities.
For comparisons
of soil
enzyme
activities, the natural choice is the
maximum activities. Measurements of
soil enzyme reaction are usually based

on the addition of an artificial, soluble
substrate at a concentration sufficient to
maintain zero-order kinetics, thus
achieving a reaction rate proportional to
enzyme concentration. Long incubation
periods have to be omitted to avoid
substrate
depletion
and
microbial
growth. Enzyme activities are usually
determined by a dye reaction followed by
a spectrophotometric measurement.

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

170

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

Table 6. Examples of specific soil enzyme activities to assess functional diversity
between and within nutrient cycles
Nutrient
Carbon

Form
Polysaccharide

Compound
Cellulose
β (1-3) glucan
Hemicellulose
Chitin

Aromatic

Nitrogen

Phosphorus

Starch
Lignin

Aliphatic
Peptide

Fatty acid esters
Protein
Peptide

Non-peptide

Primary amine

Diester
Monoester

- Enzyme activities
Enzyme activities have been associated
with indicators of biogeochemical cycles,
degradation of organic matter and soil
remediation processes, so they can
determine, together with other physical
or chemical properties, the quality of a
soil. Enzymes are as good indicators
because: a) they are closely related to
organic matter, physical characteristics,
microbial activity and biomass in the
soil, b) provide early information about
changes in quality, and are more rapidly
assessed. Nevertheless, due to enzyme
origin (from bacteria, fungi, plants, and
a range of macro-invertebrates), different
enzyme locations (intra or extracellular),
matrix association (alive or dead cells,
clays or / and humic molecules) and
assay laboratory conditions, it has been
demonstrated that it is of great
importance to optimize the procedures
for enzymatic activity determination in
order to obtain the best values and
indices according to intrinsic soil
properties.
Because
enzymes
are
difficult to extract from soils and
regularly loose their integrity, enzyme
activity determination must be made

Enzyme
Endo-cellulase
β-Glucosidase
β (1-3) glucanase
Xylanase
Endo-chitinase
N-acetyl glucosaminidase
Amylase
Phenol oxidase
Peroxidase
Mn-peroxidase
Lipase
Endo-protease
Amino peptidase
Carboxy peptidase
Amidase
Urease
Adinosine deaminase
Aryl deaminase
Phospho diesterase
DNAase, RNAase
Phospho mono esterase
Phytase

under
strict
laboratory
conditions
paying
particular
attention
to
temperature control, incubation time,
pH buffer, ionic strength of the solution,
and substrate concentration.
o β-Glucosidase
It
is
widely
distributed
in
the
environment, and its activity has been
detected in soil, fungi and plants. It has
been used as a key soil quality indicator
due to its importance in catalytic
reactions on cellulose degradation,
releasing glucose as a source of energy
to
maintain
metabolically
active
microbial biomass in soil. At the same
time, it plays an important role in energy
availability in the soil which is directly
related to labile C content and with the
ability to stabilize soil organic matter,
showing low seasonal variability. On the
other hand, it has been reported that
enzyme activity could be inhibited by the
presence of heavy metals like Cu and
Cd.
As a free enzyme in soil solution, it
normally has a short-lived activity,
because they can be rapidly degraded,
denatured or irreversibly inhibited.

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

171

CAFT on Management of Soil Health: Challenges and Opportunities” 29 Sept. to 19 Oct. 2014

However, a certain proportion of these
free enzymes may lose stabilization
because of adsorption on soil minerals
or incorporation into humic material,
which, despite affecting their catalytic
potential it may enable enzyme activity
to persist in soil.
o Phosphatase
Phosphorus is an essential nutrient for
plant growth and crop yields; however a
large portion is immobilized because of
intrinsic characteristics of soils such as
pH that affects the availability of
nutrients and the activity of enzymes,
altering the equilibrium of the soil solid
phase. Soil microorganisms play a key
role on phosphate solubilization with the
release of low molecular weight organic
acids and production of extracellular
enzymes as phosphatases.
Phosphatases are a group of enzymes
that catalyze hydrolysis of esters and
anhydrides of phosphoric acid. Its
activity
depends
on
extracellular
enzymes, which can be free in the soil
water phase or stabilized in the humic
fraction or clay soil content. In soil,
phosphomonoesterases have been the
most studied enzymes probably because
they have activity both under acidic and
alkaline conditions, according to its
optimal pH, and because they act on low
molecular
P-compounds
including
nucleotides, sugar phosphates and
polyphosphates; thus they can be used
as soil quality indicators. Phosphatase
activity in soils can be correlated
between the enzyme activity and soil
properties such as pH, total N, organic P
and clay content.
o Dehydrogenase
Dehydrogenase
enzyme
activity
determination is attractive due to the
fact they are an integral part of
microorganisms and are involved in
organic matter oxidation; nevertheless,
this
activity
is
not
consistently
correlated with other properties of
biological
systems
such
as
O2
consumption,
CO2
production
or
microbial biomass. However, it has been
considered as a soil quality indicator,
because it is involved in electron
transport systems of oxygen metabolism
and
requires
an
intracellular

environment (viable cells) to express its
activity.
Consistently, the activity of this enzyme
is not present in extracellular form as
hydrolases (β - Glucosidase, urease,
phosphatase), which suggests that it is
not an enzyme that can be used to
evaluate
the
processes
of
soil
degradation, since its activity fluctuates
as microbial activity does, in response to
management practices and/or climatic
effects.
Nevertheless, dehydrogenase activity is
bound to living and active cells, but it
depends on the presence of interferences
like heavy metals (eg., Cu), catalytic
assay procedure and other alternative
electron acceptors (eg., nitrate and
humic substances).
o Urease
These enzymes are involved on urea
hydrolysis into CO2 and NH3 and
consequently with soil pH increase and
N losses by NH3 volatilization. Due to the
role of urea as a fertilizer, focus has
been placed on urease in order to
evaluate N supply to plants, however,
fertilization practices have been reported
as being very inefficient due to large N
losses
to
the
atmosphere
by
volatilization
mediated
by
these
enzymes. On the other hand, new
enzymes involved in N-cycle have been
subject of study; in this aspect, there is
not a much data available about
ammonia monooxygenase (AMO) activity
in soil; even though it is not included as
quality indicator, this membrane-bound
enzyme could be useful in determining
nitrification rates and the effect of
nitrification inhibitors. This enzyme can
be used to make some inferences about
the nitrification process in soil and
determine if nitrogen losses are due to
volatilization,
nitrification
or
denitrification.
Urease has been widely used to evaluate
changes on soil quality related to
management, since its activity increases
with organic fertilization and decreases
with soil tillage. This enzyme, mostly the
cases, is an extracellular enzyme
representing up to 63% of total activity
in soil. It has been shown that its
activity
depends
on
microbial
community, physical, and chemical
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properties of soil, and its stability is
affected by several factors: organomineral
complexes
and
humic
substances make them resistant to
denaturing agents such as heat and
proteolytic attack.
Urease activity is used as a soil quality
indicator because it is influenced by soil
factors such as cropping history, organic
matter content, soil depth, management
practices,
heavy
metals
and
environmental factors like temperature
and pH. The understanding of urease
activity should provide better ways to
manage urea fertilizer, especially in
warm high rainfall areas, flooded soils
and irrigated conditions.

glomalin-related soil protein (GRSP) has
been proposed to improve the stability of
soil by avoiding disaggregation by water.
It is proposed that aggregates (and soils)
with high glomalin-related soil protein
(GRSP) concentrations may be fairly
“saturated” with GRSP, perhaps because
most pores in these macro-aggregates
have already been partially “sealed” by
deposition of this substance, slowing
down penetration of water into the
aggregate.
The GRSP concentration and soil
aggregate
stability
were
positively
correlated with mycorrhizal root volume
and weakly correlated with total root
volume.

- Metabolites

2.4. Methane oxidation

There are many metabolic substances
that can be used as soil quality
indicators;
they
include
sterols,
antibiotics, protein, etc.

Methane (CH4) is found extensively in
nature and is a greenhouse gas in the
atmosphere. Methane is produced in
anoxic environments by methanogenic
Archaea and consumed by aerobic
methane
oxidising
bacteria,
the
methanotrophs (see below). Important
terrestrial sites for methane oxidation
are wetland areas receiving a high input
of
organic
material.
Furthermore,
landfills containing high amounts of
organic wastes are a source of methane
and the habitat of many methanotrophs.
Net production of methane can be
considered
as
an
indicator
of
greenhouse gas emission and may
further be linked to monitoring of the
atmospheric balance. Methane oxidation
is measured by spiking a soil sample
with methane and incubate the sample
in a closed jar in the laboratory. Loss of
methane is subsequently determined by
gas chromatography.

- Ergosterol
Ergosterol, is the main endogenous
sterol of fungi, actinomycetes, and some
micro-algae; its concentration is an
important indicator of fungal growth on
organic compounds and mineralization
activity. Heavy metals (Cu 80 ppm, Zn
50 ppm or Cd 10 ppm) and fungicides
(Thiram 3 ppm or pentachlorophenol 1.5
ppm) can reduce the metabolic activity
in soil between 18% and 53% (pollutant
stressed cultures), but did not affect the
ergosterol content. While the fungicide
Zineb (25 ppm) reduced significantly the
ergosterol content in biomass basis.
Likewise, a correlation has been found
between fungi hiphae and ergosterol
quantity and soil aggregates stability,
demonstrated by electron microscopy
the importance of fungi in Thixotropy, a
purely
physical
process
involving
rearrangement of the clay micelles, in
soil. Ergosterol plays the most active
role in soil metabolic activity with
industrial contamination.
- Glomalin
Among
these
fungal
components,
glomalin, an insoluble and hydrophobic
proteinaceous mix of substances, is of
particular
interest.
Glomalin
as

Number of methanotrophs
The number of methanotrophs is an
indicator of potential greenhouse gas
consumption. Methanotrophs can be
quantified directly in soil by fluorescent
in situ hybridisation (FISH) or standard
growth-dependent
MPN
counts.
Analyses
of
methanotrophic
communities can be done with PCRDGGE
(see
chap.
1.1)
using
methanotrophs-specific
16S
rDNA
primers.
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3. Indicators of nitrogen cycling
End points
Soil ecosystem health
Plant health
Leaching to ground water
Surface run-off
Atmospheric balance

Soil ecosystem parameter
N-cycling

The mineralisation of soil organic
nitrogen (N) through nitrate to gaseous
N2 by soil microorganisms is a very
important process in global N-cycling.
This cycle includes N-mineralisation,
nitrification, denitrification and N2fixation (Figure 4). Indicators of nitrogen
cycling represent measurements at the
ecosystem level.
Organic N is mineralised to ammonium
(NH4+) by a wide variety of soil
microorganisms and it reflects the
turnover of organic material in soil and
the available indigenous N-pools to
plants. Ammonium is subsequently
either
immobilised
by
soil
microorganisms (that is, assimilated into
new biomass) or oxidised to nitrite (NO2-)
and subsequently to nitrate (NO3-) by

Microbial indicators
N-mineralization
Nitrification
Denitrification
N-fixation

aerobic nitrification. Chemoautotrophic
bacteria, the nitrifier population, carry
out this process. At this step, leaching of
N to the ground water may occur due to
the negative charge of the nitrate ion.
Under normal circumstances, however,
nitrate is subsequently reduced to
gaseous nitrogen (N2) via nitrous oxide
(N2O) by anaerobic denitrification.
Denitrification is represented by a
variety of soil bacteria. Nitrification and
denitrification together lead to losses of
bioavailable N since nitrous oxide and
gaseous N2 may be lost to the
atmosphere. N2 can be re-fixed into the
soil
by
N2-fixing
microorganisms.
Nitrous oxide is a greenhouse gas when
lost to the atmosphere.

Figure 4. Global cycling of nitrogen
3.1. N-mineralisation
Ammonification is actually a measure of
the
net
N-mineralisation,
since
immobilisation
of
NH4+
by
soil
microorganisms into new biomass
occurs
simultaneously
with
the
mineralisation
process.
The
measurement thus reflects the potential
N-mineralisation in soil and is measured
by the accumulation of NH4+ in soil

slurry under aerobic conditions over a
period of several weeks. Anaerobic
incubation is sometimes preferred
because
there
is
less
microbial
immobilisation
under
anaerobic
conditions and nitrification is inhibited.
Compared to other measurements of Ncycling, the N-mineralisation is relatively
insensitive to disturbances because a
wide variety of microorganisms are
involved in the process.
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3.2 Nitrification
Nitrification is believed to be a more
sensitive
parameter
than
N
mineralisation, because only a small
number of bacteria, the nitrifiers, are
involved in the process.
Nitrification
measurements
have,
however, been reported to be no more
sensitive than N-mineralisation and, as
a
result
of
this,
nitrification
measurements have recently been
replaced
by
N-mineralisation
measurements in the Soil Monitoring
Programme. Nitrification measurements
reflect the population size of the
nitrifiers since ammonium is an
essential substrate for these organisms.
Furthermore,
these
measurements
together
with
denitrification
measurements may indicate deposition
of ammonia on N-limited habitats.
Nitrification is measured by the
ammonium oxidising assay. With this
method, a soil slurry is incubated with
excess ammonium and chlorate, the
latter inhibiting the oxidation of nitrite
to nitrate. The oxidation of ammonium
to
nitrite
is
measured
by
gas
chromatography.
3.3. Denitrification
The denitrifying capacity is a widespread
feature among soil bacteria and
therefore denitrification can be used as a
representative for microbial biomass.
Since denitrification is an anaerobic
process the amount of denitrification
found in soil is very dependent on
abiotic factors such as precipitation and
soil compaction. Thus, soil management
practices readily influence the amount of
denitrification found in agricultural
fields. Denitrification measurements
may,
together
with
nitrification
measurements, indicate deposition of
ammonia in N-limited habitats.
Measurement of denitrification is carried
out
by
the
acetylene
inhibition
technique, in which the reduction of N2O
to N2 is inhibited by acetylene and
accumulated nitrous oxide is measured
by gas chromatography. Nitrate must be
available in surplus. The method is often
used
to
measure
the
potential
denitrification where nitrate and carbon
are added and anaerobic conditions are
established. However, interpretation of

denitrification data is complicated,
because the denitrification enzymes are
synthesised
only
under
anaerobic
conditions and the enzymes are not
functional under aerobic conditions,
even though they persist in the
microbial community. The denitrification
assay may thus reflect historical
anaerobic situations and not necessarily
the size of the actively denitrifying
biomass.
3.4. N-fixation
Gaseous nitrogen (N2) is a product of the
anaerobic denitrification of nitrate. N2 is
lost to the atmosphere or consumed by
N2-fixing Rhizobium or cyanobacteria
due to their nitrogenase enzyme.
Rhizobium
Bacteria of the genera Rhizobium are
abundant in soil, where they form
symbiotic associations with legume
roots. The bacteria reside in nodules
where they fix N2 and provide the plant
with nitrogen for growth. In return, the
plant provides the bacteria with organic
substrates for growth. The Rhizobiumlegume symbiosis is characterised by
high host specificity. Numbers of
Rhizobium has previously been proposed
as an indicator of soil health based on
the organisms sensitivity to pesticides
and heavy metals. The abundance of
Rhizobium has been included as a
microbial indicator of heavy metal
contamination in agricultural soils.
The
frequency
and
diversity
of
Rhizobium in soil can be determined by
a simple pot test, where a diverse set of
legume seeds are sowed in the test soil
and number of nodules formed are
determined after a specific growth
period. Alternatively, the bacteria may
be quantified by direct isolation from soil
using selective growth media together
with morphological and physiological
characterisations.
A
number
of
molecular methods have also been
applied for diversity measurements of
these bacteria. These include plasmid
profiles
and
insertion
sequence
fingerprints, 16S-23S rDNA spacer
sequences, PCR detection of specific
genes, colony hybridisation, RFLP and
RAPD.
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Detection of Rhizobium by growing
legumes in the test soil and determining
root nodule-formation is a rather simple
method. The molecular methods, on the
other hand, are more technically
demanding. Although it relies on the
development of specific probes for the
different
Rhizobium-subgroups,
the
colony
hybridisation
procedure
is
probably the best way to detect
Rhizobium.
A
combination
of
quantitative and diversity measurements
will allow a screening of the soil
potential for Rhizobium-legume mediated
nitrogen fixation.
Cyanobacteria
The cyanobacteria, or blue-green algae,
are
photoautotrophic
bacteria.
In
contrast to Rhizobium, they are nonsymbiotic. They form microbiotic crusts
in intimate association with surface soil,
which contribute significantly to the
stabilisation of soil towards erosion.

Cyanobacteria have mainly been used as
indicators of heavy metal contamination
(e.g. from sewage sludge application) in
soil. Most experiments have shown a
negative correlation between the number
of cyanobacteria or nitrogenase activity
and the concentration of heavy metals.
Measurement of the potential N2fixation under standard laboratory
conditions
has,
therefore,
been
suggested as a better alternative.
Nevertheless,
the
number
of
cyanobacteria is recommended as an
early indicator of heavy metal pollution
in the soil monitoring network.
The number of cyanobacteria can be
determined either by MPN methods or
determinations of nitrogenase activity
using
light
as
energy
source.
Nitrogenase activity is measured by the
acetylene reduction assay, where the
reduction product, ethylene, easily can
be measured by gas chromatography.

4. Indicators of soil biomass
End points
Soil ecosystem health

Soil ecosystem parameter
Soil biomass

In this report, soil biomass includes
bacterial, fungal and protozoan biomass.
Biomass is fundamental for soil
processes to occur and quantification of
microbial biomass is as such a
measurement at the ecosystem level.
4.1. Microbial biomass
Soil microbial biomass represents the
fraction of the soil responsible for the
energy and nutrient cycling and the
regulation
of
organic
matter
transformation. A close relationship has
been reported between soil microbial
biomass, decomposition rate and Nmineralisation. Microbial biomass has
also been shown to correlate positively
with grain yield in organic, but not in
conventional farming. Finally, soil
microbial biomass contributes to soil
structure and soil stabilisation. Soil
microbial biomass has also been
recommended as indicators of soil
organic carbon.
Several methods have been used for the
estimation of microbial biomass in soil.
The methods can be divided into direct

Microbial indicators
Microbial biomass
Protozoan biomass

(e.g. microscopy or determinations of
specific membrane phospholipid fatty
acids
(PLFAs)
and
indirect
(e.g.
chloroform fumigation (CFE/CFI) or
substrate induced respiration (SIR).
Direct methods (microscopy, PLFA)
Determination of soil microbial biomass
by direct methods (microscopy or PLFA
analysis) gives results that very closely
represent the in situ soil conditions.
Although the methods are timeconsuming, they are currently used for
soil
monitoring
purposes.
The
automation of PLFA extraction has
reduced analysis time to some extent.
Direct counts or bio-volume estimations
using conversion factors can estimate
microbial
biomass.
Different
soil
preparation methods and staining
techniques in combination with epifluorescens microscopy are available.
Combined
with
automated
image
analysis, direct counts can be used
routinely for the determination of soil
microbial biomass in many samples of
different origin.
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The total amount of PLFAs in soil is an
alternative method to microscopic
counting. PLFAs are found only in
membranes of bacteria and fungi.
Individual PLFAs are specific for specific
subgroups of microorganisms. Using
extraction of soil samples and analysis
by gas chromatography, the total
amount of PLFAs can be quantified. It is
also possible to quantify different groups
of microorganisms by this method. PLFA
analysis hereby provides information on
biodiversity (see chap. 1.3) and the
fungal-bacterial biomass ratio (see
below).
Indirect methods (CFI, CFE, SIR)
Indirect methods are generally cheaper,
faster and easier to use than the direct
methods. Results obtained by the
indirect methods have been documented
to be very close to the direct
measurements,
thus
providing
confidence in the utility of indirect
methods.
Chloroform fumigation is the most
commonly used indirect method. This
method is considered to measure most
of the soil microbial biomass, e.g. both
dead
and
alive,
though
some
microorganisms
(e.g.
spores)
are
insensitive to the fumigation process.
Determination of microbial biomass by
chloroform
fumigation
covers
two
indirect
methods:
the
chloroform
fumigation incubation method (CFI) and
the chloroform fumigation extraction
method (CFE). In both cases, the
chloroform
vapour
kills
the
microorganisms in the soil, and
subsequently the size of the killed
biomass
is
estimated
either
by
quantification of respired CO2 over a
specified period of incubation (CFI) or by
a
direct
extraction
of
the
soil
immediately
after
the
fumigation
followed
by
a
quantification
of
extractable carbon (CFE; ISO-standard
14240-2:1997). The release of CO2 after
fumigation is the result of germinating
microbial
spores
utilising
the
C
substrate provided by the killed
microbial cells.
Another common indirect method is
substrate induced respiration (SIR). This
method measures only the metabolically
active portion of the microbial biomass.
SIR
(ISO-standard
14240:1:1997)

measures the initial change in the soil
respiration rate as a result of adding an
easily decomposable substrate (e.g.
glucose). The technique has been
automated and is used in soil
monitoring in several countries. Soil
microbial biomass is subsequently
calculated using a conversion factor.
Microbial quotient
The amount of microbial biomass
carbon (Cmicro) may be related to the total
carbon (Corg) content by the microbial
quotient (Cmicro/Corg). This quotient
provides a measure of soil organic
matter dynamics and can be used as an
indicator of net C loss or accumulation.
Using the quotient avoids the problems
of comparing trends in soils with
different organic matter content.
Fungal biomass
Living fungal biomass can be estimated
by quantification of fungal specific
membrane molecules such as ergosterol
or specific phospholipids (PLFAs) (see
above). The procedure for determination
of ergosterol content in soil is simpler
compared to determination of PLFAs.
However, an important disadvantage of
this method is that oomycetous fungi
and a number of yeasts do not produce
ergosterol.
Additionally,
it
is
recommended that total hyphal length is
measured simultaneously for precise
estimations of only living fungal
biomass, but this is a very laborious and
cumbersome technique. Quantification
of enzyme activities such as fluorescein
diacetate hydrolytic activity (FDA) or Nacetyl-beta-glucosaminidase
(Nag)
activity
have
been
proposed
as
alternative, semi-quantitative measures
of soil fungal biomass.
Fungal-bacterial biomass ratio
The fungal-bacterial biomass ratio can
also be determined directly from
measurements of fungal-specific and
bacterial-specific
PLFAs.
More
information is thus obtained from one
single PLFA-analysis. The ratio has been
used in soil management studies as a
microbial indicator. A higher ratio is
typical of long-term unfertilised or
organic managed grasslands compared
to fertilised grasslands of the same soil
type.
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4.2. Protozoan biomass
Protozoan biomass is determined by
extracting a soil sample and counting
directly
by
use
of
an
inverted
microscope. This yields the number of
active protozoa. However, the vast
majority of protozoa are encysted
(inactive). An alternative method is thus
to extract protozoa from the soil followed
by a MPN counting based on a growth
medium that causes protozoa to excyst.
Both methods are very laborious and
limited by the problems of extraction
efficiency. The MPN approach further
possesses the problems of culturability;
not all cysts will excyst and not all
protozoa grow under the laboratory

conditions in liquid culture. A newly
developed molecular method, MPN-PCR,
has been used to quantify a specific
group of soil flagellates directly in a
gnotobiotic soil system and higher but
corresponding numbers was found
compared to traditional MPN counting
based on culturing. The application of
MPN-PCR assays for soil protozoa is,
however, currently limited by the
scarcity of molecular data. Bioassays
based on a 24 h growth response of
common ciliates have been developed
and successfully applied to heavy metal
toxicity testing.

5. Indicators of microbial activity
End points
Soil ecosystem health
Soil microbial community
health

Soil ecosystem parameter
Microbial activity

Indicators of microbial activity in soil
represent
measurements
at
the
ecosystem
level
(e.g.
processes
regulating decomposition of organic
residues and nutrient cycling, especially
nitrogen, sulphur, and phosphorus).
Measurements at the community level
include bacterial DNA and protein
synthesis. Frequency of bacteriophages
is a measurement at the population
level.
5.1. Bacterial DNA synthesis
Synthesis of DNA is a prerequisite for
bacterial cell division and, as such, an
indicator of bacterial growth. DNA is
unique in the way that it only
participates in cell division. DNA
synthesis can be determined by
incorporation of 3H- or 14C-thymidine
into bacterial DNA as thymidine is a
unique
nucleoside,
which
only
participates in DNA synthesis. The
method has several requirements: (i)
DNA synthesis has to be linearly
correlated with the cell growth (balanced
growth); (ii) all bacteria must take up
thymidine through the cell membrane,
which has been shown not to be the
case; (iii) thymidine should not be
metabolised and (iv) the radioactive label
(3H) should not exchange with other

Microbial indicators
Bacterial DNA synthesis
Bacterial protein synthesis
RNA measurements
Bacteriophages

molecules, e.g. proteins. It has been
shown that only 5-20% of the 3Hthymidine
incorporated
into
total
macromolecules is incorporated into
DNA.
A soil extract is incubated with
radiolabelled thymidine for a short time
period and then filtered to measure the
amount of radiolabel in the cells. A
thorough extraction and purification of
DNA from the cells can solve the
problem with unspecific incorporation of
radiolabel. The method is extensively
used in aquatic environments. During
the last decade it has been adopted to
soil, but the use is not as widespread as
in aquatic environments. The method is
used routinely in the Soil Monitoring
Programme and has been shown to
discriminate between different soil types
and land uses, e.g. grassland on clay
and horticultural farm on sand.
Bacterial growth rate (number of cells
formed per unit time) is calculated by
use of a conversion factor. This
conversion factor is based on many
assumptions, including estimates of the
number of cells present and the amount
of radiolabelled thymidine incorporated
in relation to GC content of the total
DNA content of cells.
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5.2. Bacterial protein synthesis
Bacterial protein synthesis is directly
correlated to bacterial activity and can
be determined by incorporation of 3H- or
14C- leucine, as this amino acid is
incorporated into proteins only. The
method for leucine incorporation is the
same as for thymidine incorporation (see
above) and the incorporation of both
precursors can be carried out in a single
assay if different radiolabels are used.
Incorporation of 14C leucine is routinely
measured in the Soil Monitoring
Programme in combination with 3Hthymidine incorporation and has been
shown to possess discriminative power.
The advantages and drawbacks of the
method are the same as for radiolabelled
thymidine
incorporation, although
balanced growth is not a prerequisite.
Furthermore, most bacteria take up
leucine, although the incorporation
efficiency may differ between soils.
Measurements of protein synthesis are
supposed to be more accurate than that
of DNA synthesis, because of a relatively
higher protein content in cells.
5.3. RNA measurements
The RNA molecules, ribosomal RNA
(rRNA) and messenger RNA (mRNA), play
key roles in the protein synthesis. The
amount of RNA in individual cells or in a
community may, therefore, be taken as
an indicator of protein synthesis and,
thus, microbial activity.
The number of active cells can be
detected
by
fluorescent
in
situ
hybridisation (FISH). By this method,
individual
cells
carrying
high
concentrations of rRNA, situated on
ribosomes,
are
quantified
by
fluorescence microscopy. The amount of
rRNA in a community can also be
detected by Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR),
where rRNA extracted from soil is
detected by creating a DNA copy and
separating
by
gel
electrophoresis.
Quantification of activity by either
method
is
still
problematic
and
comprehensive method development is
needed before implementation into a
monitoring programme. In the future
this will also include implementation of
microarrays
with
simultaneous
measurements of numerous genes.
mRNA molecules are gene copies used

for synthesis of specific proteins by the
cell. Determination of mRNA can be
taken as equivalent to the expression of
a
specific
gene
in
soil.
Such
measurements can be done by real time
quantitative RT-PCR, which detects and
quantifies low amounts of mRNA in
environmental samples including soil. A
prerequisite for using this method is
knowledge of the sequence of the mRNA.
At present, this method is probably too
advanced for use as a microbial
indicator in a monitoring programme,
but with further method development it
may prove useful.
5.4. Bacteriophages
A bacteriophage is a virus, which infects
and multiplies in a specific host
bacterium.
Bacteriophages
are
abundant in the soil environment and
have been isolated for nearly every
known species of soil bacteria. Most
phages isolated from soil are temperate
phages, e.g. phages that can lie dormant
in bacterial cells after infection. The
multiplication of bacteriophages strictly
depends on the activity of the host
bacteria. As such, monitoring of the
frequency and host specificity of free
bacteriophages in soil is an indicator of
the activity of specific soil bacteria. This
is in contrast to the other microbial
activity indicators, which measure the
activity of whole microbial communities.
Determination of free bacteriophages in
soil can be carried out by a standard
method of extraction followed by a
plaque-assay with specific host bacteria,
e.g. Pseudomonas, Bacillus, Rhizobium.
A high number of plaques are presumed
to indicate a recent high activity of
similar host bacteria in the test soil
assuming a direct correlation between
the number of bacteriophages and
bacterial activity. Such a correlation has
indeed been shown for Azospirillum
brasilense (microcosm study), and
Serratia liquefaciens (field study), but
has to be confirmed for other bacterial
groups.
The selection of host bacteria should be
representative for the soil type to be
investigated.
Furthermore,
the
bacteriophage sensitivity to the host
bacteria
should
be
known.
The
frequency and persistence of the
bacteriophages in different soil types
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should be estimated a priori in order to
standardise the method. Generally,
temperate bacteriophages survive for
long periods of time within the host

bacteria. Without host bacteria, the
survival of bacteriophages depends on
abiotic parameters, e.g. clay content, soil
moisture, temperature and pH.

6. Key species
End points
Soil ecosystem health
Plant health
Animal health
Hamn health

Soil ecosystem parameter
Key species

Microbial key species in soil are here
defined as organisms that possess
important
functions
in
the
soil
ecosystem (e.g., nutrient cycling, plant
pathogenesis) or are of human health
concern
(e.g.
human
pathogens/zoonoses). A number of
criteria has to be fulfilled for key species
to be useful in a monitoring programme.
For
example,
they
should
be
(ecologically)
relevant,
preferably
abundant, and easy to enumerate and
identify. Key indicator species represent
measurements at the population level.
6.1. Mycorrhiza
The majority of higher plants exist in
natural symbiosis with mycorrhizal
fungi. The group of mycorrhizal fungi
includes ectomycorrhizal (mainly forest
trees),
arbuscular
mycorrhizal
(terrestrial
plants)
and
ericoid
mycorrhizal
(heather)
fungi.
They
colonise plant roots and provide the
plant
with
nutrients,
especially
phosphorus, due to the increased
nutrient availability caused by the extraradical
mycelium.
Furthermore,
mycorrhizal associations can have a
positive influence on plant diversity,
plant stress and disease tolerance, and
on soil aggregation. Only arbuscular
mycorrhiza (AM) will be dealt with here.
Colonisation by AM has been shown to
be highly dependent on the presence of
host plants, on land use and on soil
management
practices.
Spore
abundance and diversity have been
shown
to
discriminate
between
extensively and intensively managed
soils and AM diversity has been reported
to be sensitive to heavy metal
contamination, organic pollutants and
atmospheric deposition. Quantitative
analysis of AM based on spore
morphology is implemented as a

Microbial indicators
Mycorrhiza
Suppressive soil
Human pathogens

microbial
indicator
in
the
soil
monitoring network, where it is used to
indicate heavy metal contamination in
soil. Colonisation of AM in soil has been
proposed as an important indicator of
plant and ecosystem health.
Abundance and diversity of AM is
determined by extraction of spores from
soil samples and subsequent counting
in a microscope. An alternative method
is to use the test soil in a plant bioassay
and harvest either the spores or the
roots. The determination of spore
numbers is, however, poorly correlated
to the actual colonisation potential of
the soil and molecular tools for detection
of AM in roots are the future needs
within the Soil Monitoring Programme.
Methods for direct detection and
quantification of AM in soil samples or
in roots have been developed. These
include 18S rDNA PCR, nested PCR at
the species level and AM-specific PLFAs
(see chapter 1.3).
6.2. Suppressive soil
Many of the proposed soil health
indicators focus on the presence of
beneficial rather than the absence of
detrimental organisms, although both
are important. The presence of plant
pathogens (e.g. fungi) in soil may
indicate the existence of other soil
health
problems,
e.g.
nutrient
imbalance. A suppressive soil is able to
suppress specific plant diseases by
inherent biotic and abiotic factors. The
suppressiveness of a certain soil may
thus be an indicator of plant health.
Several methods are available for
determining soil suppressiveness. It can
be determined by inoculation of targetplant seeds directly into the test soil or
into a pathogen-infested test soil. The
frequency of diseased plants and/or
pathogenic propagules in soil is scored
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after incubation for about 3 to 4 weeks
and compared to a reference soil.
The plant bioassay is a conventional
technique and a positive correlation
between the plant bioassay and the
actual field measurements has been
shown for suppressiveness of pea root
rot. A specific test plant system has to
be selected for a monitoring programme
and the correlation between bioassay
and field measurements has to be
confirmed on a diverse set of soils. The
assay requires a relatively long time (e.g.
weeks) before the results can be
obtained, but it is simple and cheap.
6.3. Human pathogens
Human pathogens can enter agricultural
soils through amendment with manure
and sewage sludge. The presence of
human pathogenic bacteria in soil is an
indicator of potential human infection
and as such an indicator of human
health. Presence of Escherichia coli, have
traditionally been used as an indicator
of faecal contamination and hence as an
indicator of the possible presence of
other more pathogenic bacteria. Since
the ability of the pathogenic bacteria to
survive in the environment may not
necessarily be equal to that of E. coli, it
would be advantageous if the pathogens
were enumerated directly.
Enumeration of pathogenic bacteria can
be carried out either by cultivation or by
molecular / immunological techniques.

Methods relying on cultivation use
growth media selective for specific
groups of microorganisms, i.e. XLD agar
for isolation of Salmonella and Shigella
and MacConkey agar for isolation of
coliforms. These methods are wellestablished, cheap, and easy to use.
Molecular techniques may give a more
accurate estimate of the population
sizes, as they do not rely on growth of
the bacteria. On the other hand they
may detect dead bacteria as well as free
DNA. Among the molecular methods,
that would be suitable for a monitoring
programme, are quantitative PCR and
specific
fluorescent
oligo-nucleotide
probes. With immunological methods,
specific antibodies are used instead of
oligo-nucleotide
probes
and
the
detection limit can further be lowered
when combined with immune-magnetic
separation.
The drawback of using both the
molecular
and
immunological
techniques is that they technically are
more demanding than the traditional
culturing methods. Little is known about
the occurrence of pathogenic bacteria in
agricultural soil and investigations on
the differences between fields receiving
manure and/or sewage sludge and
untreated fields are needed prior to
implementation
into
a
monitoring
programme.

7. Indicators of bioavailability
End points
Soil ecosystem parameter Microbial indicators
Soil microbial community Bioavailability
Biosensor bacteria
health
Plasmid containing bacteria
Leaching to ground water
Antibiotic resistant bacteria
Surface run-off
Catabolic genes
Chemical compounds may often
7.1. Biosensor bacteria
be adsorbed to soil particles, such as
Biosensor bacteria are designed to
clay minerals, and made unavailable to
respond to certain stress situations (e.g.
the biota. The bioavailable concentration
toxicity) through the use of reporter
will be equal to or lower than the total
genes. Environmental relevant bacteria
chemically extractable concentration.
can be selected and genetically modified
From an environmental viewpoint, the
by
fusing
reporter
genes
(e.g.
bioavailable fraction of a chemical
bioluminescence) to the genes of interest
compound may be a more relevant
and thereby give a certain signal to a
parameter
than
the
chemically
specific response. Ultimately, fibre optic
extractable fraction. Microorganisms can
linked membrane bound biosensor
measure the bioavailability of a chemical
probes may facilitate in situ eco-toxicity
compound
in
soil.
Indicators
of
monitoring of soil.
bioavailability represent measurements
at the community and population levels.
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Biosensor
bacteria
responding
to
mercury or chromate or zinc are
presently available. The zinc biosensor
bacteria have been used for soil
monitoring purposes, where it was the
most
discriminative
method.
Commercial biosensor bacteria products
for overall eco-toxicological analysis are
available (Remedios and Microtox).
7.2. Plasmid-containing bacteria
The frequency of plasmid-containing soil
bacteria has been shown to be higher in
polluted soils compared to agricultural
soils, and to increase by addition of
heavy
metals
to
soil.
Thus,
measurement of numbers of plasmidcontaining bacteria or numbers of
plasmids in soil can be used as a
general indicator of environmental
contaminants. If numbers of plasmids
increase at a site, an investigation to
identify the stress factor (e.g. pollutants)
can subsequently be initiated.
Two different approaches can be used to
assess the occurrence of plasmids in
soil, the endogenous and the exogenous
approach. By the endogenous approach,
plasmids are extracted from soil bacteria
isolated on agar plates followed by a
visualisation of the plasmids on agarose
gels. By the exogenous approach,
suitable plasmid free recipient bacteria
are used as “fishing rods”. The plasmid
free bacteria are mixed with a soil
sample and allowed time to pick up (by
conjugation)
naturally
occurring
plasmids from the indigenous bacteria.
Plasmids are extracted and visualised as
in the endogenous approach.
A major disadvantage of the endogenous
plasmid extraction procedure is that it
only analyses the fraction of soil bacteria
that grow on cultivation media. This
step is eliminated in the exogenous
plasmid isolation procedure. However,
only
conjugative
and
mobilisable
plasmids may be isolated by this
method. The frequency and variability in
plasmid numbers in different soil types
should be estimated in order to
standardise the method.
7.3. Antibiotic resistant bacteria
Restricted use of antibiotics (e.g.
growth promoters) in agriculture has
reduced but not eliminated antibiotic
resistant bacteria in livestock and food

(Anonymous 1998). Urban effluents,
which also contain antibiotics, have
been demonstrated to result in an
increase in the number of antibiotic
resistant
bacteria
in
riverine
environments. Antibiotic substances
have been detected in outlets of sewage
treatment
plants,
manure
and
agricultural
fields.
Although
the
measured concentrations of antibiotic
substances are generally below the
minimum inhibitory concentration (MIC)
to
microorganisms,
they
may
nevertheless select for the outgrowth of
resistant bacteria in the soil ecosystem.
Very little, however, is known about the
occurrence of resistant microorganisms
in agricultural soil. Heavy metal
pollution may also indirectly select for
antibiotic resistant bacteria, since a
correlation between bacterial antibiotic
resistance and mercury concentration in
riverine sediments has been observed.
Thus, monitoring antibiotic resistant
bacteria in soil will not only allow an
assessment of the potential risk of
antibiotic resistant bacteria to humans
(human health), but can also be used as
an indicator of industrial and urban
pollution (potential leaching or surface
run-off).
Enumeration of antibiotic resistant
bacteria can be carried out either by
cultivation
and/or
molecular
techniques.
Methods
relying
on
cultivation on selective growth media
containing
antibiotics
(tetracycline,
kanamycin, etc.) are well established,
cheap, and can easily be implemented in
a monitoring programme. By use of
these methods, not only can numbers of
resistant bacteria be estimated, but the
MIC and the breakpoint value may also
be determined. This is necessary
because an antibiotic concentration
appropriate to distinguish between
resistant and sensitive bacteria of one
species, may not be applicable to
another. A well-known drawback of the
cultivation methods is non-culturability
of some bacteria. This can be overcome
by molecular techniques, which estimate
the population sizes of the resistance
genes. PCR and molecular gene probe
analysis can possibly be used to detect a
specific resistance gene in a soil sample
and to develop quantitative PCR
methods.
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Since little is known about the
occurrence
of
antibiotic
resistant
bacteria in agricultural soil, some
baseline testing is required to investigate
the possible differences between treated
(i.e. with manure/sludge) and untreated
fields. Monitoring of antibiotic resistant
bacteria may be complemented with
measurements
of
bioavailable
concentrations of antibiotics by use of
biosensor bacteria or plasmid-containing
bacteria (see above).
7.4.

Incidence

and

expression

of

catabolic genes
When the degradation pathway of a
chemical compounds (e.g. pesticides) is
known, key enzymes and catabolic genes
can be identified and quantified. The
presence
of
degradable
chemical
compounds in a soil is presumed to
provoke
a
higher
incidence
and
expression of corresponding catabolic
genes due to either growth of bacteria or
the spreading of the catabolic genes to
the microbial community.
Catabolic
genes may, however, also be present due
to their involvement in the degradation
of naturally occurring and related
organic compounds. The incidence of
specific catabolic genes thus gives
information on the ability of a soil to
modify
or
degrade
xenobiotic
compounds. An elevated expression of

the catabolic genes will, on the other
hand, indicate a partial or complete
degradation
of
the
corresponding
organic compound.
Several methods have been proposed for
determination of the incidence and
expression of specific catabolic genes.
These include conventional culturing of
degradative microorganisms, activity
measurements of specific degradative
key enzymes, and molecular methods for
detection of catabolic genes (e.g. PCR,
qPCR) and measurements of their
expression (e.g. mRNA, rRNA, biosensor
bacteria). The molecular methods are
described elsewhere (see chap. 1.1, 5.3,
7.1 and 7.3) and only the culturing
technique will be dealt with here.
The potential for degradation of a
xenobiotic compound in soil can be
estimated by incubation of a soil slurry
spiked with the compound (radiolabelled
or
unlabelled)
of
interest
and
subsequent determinations of either
radiolabelled
CO2-production,
the
respiration rate (see chap. 2.1) or cell
growth. The incubation approach is also
used for isolation of consortia or pure
cultures able to grow on and degrade
specific xenobiotic compounds. The
assay, though, is entirely dependent on
the activity of the microorganisms and
their culturability at the incubation
conditions provided.
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SOIL TAXONOMY: A NEW TREND OF SOIL CLASSIFICATION
G.P. Gupta

Retd. Professor & ADR
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.)
Soil Taxonomy: Soil Taxonomy is the
latest system of soil classification that
has new design and nomenclature.
The word Taxonomy was derived from
the Greek word “Taxis” which means a
systematic arrangement or order or
grouping of similar soils. Soil Taxonomy
is defined as it is based upon the
morphometric properties which are
observable and measurable.
Superiority over old soil classification
systems
1. Soil Taxonomy is based on observable
and measurable soil properties which
are easily verified by others to lessen
the
controversies
amongst
the
scientists.
2. It is not based on virgin soils.
3. It has completely new nomenclature
which are clearly defined.
4. Subgroup as a new category has been
included and soil type as an old
category has been excluded.
Requirements of Soil Taxonomy
1. It should accommodate whole soils of
the world.
2. It should be based on observable and
measurable properties
3. It should be flexible enough to
incorporate new knowledge .
4. It should not alter due to drastic
changes like fire, single ploughing or
as a result of land use.
5. Properties selected should either
affect soil genesis or be affected by it.
6. Emphasis should be given to the
properties significant to plant growth
7. Subdivisions of classes should not be
made in common properties.
Important
terms
used
in
soil
taxonomy
Pedon
 It is the smallest volume of soil that
should
be
recognized
as
soil
individual.
 It has three dimension. The minimal
horizontal area of a pedon is
arbitrarily set as 1 m2 but may range
to 10 m2 depending upon the
variability of soils.

Individual :
 It is the smallest natural body which
is complete in itself collectively.
Model individual
 It defines the central concept of the
class. Model properties are typified in
the class.
Class : It is a group of individuals which
are similar in selected properties. It is
distinguished from other classes.
Population : Population is like a
kingdom for example plant, animal of
soil. It consists of may individuals of
various natures.
Taxon : A class of any taxonomical level
of classification in the soil taxonomy is
called Taxon.
Nomenclature
developed
in
Soil
Taxonomy
 Soil
Taxonomy
has
a
unique
nomenclature which gives a definite
connotation
of
their
major
characteristics of a soil in question.
 Nomenclature has been coined mainly
from Greek and latin words (roots and
a few from Japanees, German,
English and French words (roots).
 Name of each taxon clearly indicates
its place and tells some of its
important properties.
 A formative element from each of
higher categories is successfully
carried down to family level.
 It seems difficult and strange in the
beginning but with a little study and
experience several useful statements
can be drawn.
Example to show the validity of Soil
Taxonomy
As an example soil classification of
Kulholi soil series is given as under;
“Coarse loamy, mixed, calcareous,
hyperthermic, Typic, Halaquept”
The useful statements drawn
from such classification are :
 There is some inception in the genetic
horizon (ept).
 Soil exists in waterlogged conditions
(aquic).
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 Exchangeable sodium is more than
15% (Hal).
 Soil is deep (Typic)
 Mean annual soil temperature is
>22oC with a difference of >5 oC
between mean summer and mean
winter at 50 cm depth (hyperthermic).
 Calcium carbonate present is >5%
because there is violent effervescence
(Calcareaus).
 Mineralogy is mixed. It shows that no
any fraction exists >40% (mixed)
 Clay is less than 35% (Coarse loamy)
1. Order
Inceptisol (ept)
2. Suborder
aquept (aquic)
3. Great Group Halaquept
4. Sub Group Typic Halaquept
5. Family
Coarse loamy,
6. Soil series -

mixed, Calcareous,
hyperthermic

KULHOLI
(District –Morena M.P.)

 The number of statements increase
from higher to lower category
 Homogeneity of classes increases with
decrease of abstraction.
 Higher category is a grouping of
classes of the preceeding lower
category
Soil Taxonomy : both a natural and
technical system
Natural classification :
It performs
important
function
of
organizing,
naming and defining the classes.
Objects are classified in such a way that
the name of each class brings in mind
the fixed characteristics in relation to
others.
Technical classification : It
is
a
classification of objects for specific,
applied or practical purposes e.g.
Irrigation Suitability Classes (ISC).

Nature of soil characteristics :

Principles of soil classification

Soil characteristics are of three types :

Points
discussion of
are termed
classification.
principles :-

a. Differentiating characteristics: The
properties chosen as the basis to
differentiate
among classes are
known
as
Differentiating
characteristics. Mean values of such
properties within each class define
the model individual of the group.
For example- TEXTURE.
b. Accessory characteristics: Properties
associated with the Differentiating
characteristics are called Accessory
characteristics. For example- CEC,
WHC, Cohesion.
c. Accidental characteristics: Properties
which are independent from the
Differentiating characteristics are
called accidental characteristics. For
example – SLOPE
SOIL TAXONOMY : A MULTIPLE
CATEGORY SYSTEM (MCS)
Population is so diverse that a
single/mono grouping fails to show
relationships. Hence the divisions or
classes so formed are again subdivided
to show more relationships.
Importance of multiple category system

used as a background for
soil classification systems
as principles of soil
There are four important

Genetic thread principle : Theories of
soil genesis must provide the significant
properties to use as differentiating
characteristics.
Principle
of
accumulating
differentiate : In a MCS, differentiating
characteristics must accumulate from
higher to lower level of generalization.
Principle of wholeness of Taxonomic
categories : All the individuals of a
population must be classified according
to differentiating characteristics in each
category.
Ceiling
of
independence
:
A
differentiating characteristic
in a
particular category must not separate
similar individuals in lower category .
Categories of soil taxonomy : Category
is the series of array of taxa produced by
differentiations at a given level of
abstraction or generalization. It is a set
of classes defined at about the same
level of abstraction that includes all
soils.
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Table 1 Categories of Soil Taxonomy (2010)
S.N.
1.

Category

No.

Sub divisions are due to

Order

(12)

Presence or absence of major diagnostic horizons
developed due to soil forming processes and extremes
of soil temperature and moisture regimes.

2.

Suborder

(61)

Associated

properties like wetness,

soil moisture

regimes, PM & Veg. effect and diagnostic horizons.
3.

Great Group

(316)

Kind and arrangement of horizons, base status, soil
temperature, plinthites and pans.

4.

Subgroup

(2484)

Inter or extra gradations to taxa in other orders.

5.

Family

(6600)

Properties responsible for plant growth like texture
class, mineralogy, soil temperature of control section.

6.

Series

(18000)

Kind and arrangement of horizons in respect of colour,
texture, structure, consistence, reactions etc.

I. SOIL ORDER
1. Name of the ORDER ends with “sol”
(Latin word: solum).
2. Formative elements of each order exit
in the end of sub order, great group,
subgroup and family.
3. ORDERS differ due to the existence of
different sets of diagnostic horizons

(i).
ii).
(iii).

(iv).

Undeveloped profiles
(Minimum degree of
horizon
development
Dominant
kind
of
genetic horizons

:
:

Entisols
Inceptisols,
Andisols

:

Kind and
weathering
formation

:

Vertisols, Aridisols,
Mollisols.
Spodosols,
Ultisols, Histosols
Oxisols

degree of
and soil

Table 1: Soil Orders and their derivatives
No.

Soil Order

Derivation

Pronunciation

Formative
Element

1

Gelisol

Frozen soil

Permafrost

el

2

Histosol

Gk.histos

Histology

ist

3

Spodosol

Gk. spodos

Podsol, old

od

4

Andisol

modified from ando

Andesite

and

5

Oxisol

Fr. oxide, oxide

Oxide

ox

6

Vertisol

L.verto, turn

Invert

ert

7

Aridisol

L.aridus,dry

Arid

id

8

Ultisol

L.ultimus, last

Ultimate

ult

9

Mollisol

L . mollis, soft

Mollify

oll

10

Alfisol

nonsense symbol

Pedalfer

alf

11

Inceptisol

L. inceptum, beginning

Inception

ept

12

Entisol

nonsense symbol

Recent

ent
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Table 2 : Sequence of soil orders for use in Soil Taxonomy (Soil Survey Staff, 2014)
11.

Verti -

Aridi -

Molli -

Alfi -

First Alphabet
Symbolic
expressions
Chapters devoted

G
A

H
B

S
C

A
D

O
E

V
F

A
G

U
H

M
I

A
J

K

9
5

10
6

14
10

6
2

13
9

16
12

7
3

15
11

12
8

5
1

11
7

Sequence of chapters

Ulti -

Orders (- sols)

Oxi -

10.

I

12.
Enti -

Soil Order (12 in Number)
5.
6.
7.
8.
9.

Andi -

4.

Spodo -

3.

Histo -

2.

Geli -

1.

Incepti -

S.N.

E
L
8
4

 Govt. High School Appeared On Village And Upper, Middle At Interior End (for remembrance)

Table 3: Orders and their endopedons and epipedons
No.
1.
2.

Order
Gelisol
Histosol

3.

Spodosol

Soils called as
Frozen soils
Organic, >30% organic matter
(Peat, Muck)
Humus and sesquioxide rich

Epipedon
ochric
histic

4.
5.
6.
7.

Andisol
Oxisol
Vertisol
Aridisol

Volcanic (Slightly developed)
Highly weathered soil
Shrink-swell (Cracks when dry)
Dry soils

ochric
ochric
ochric
ochric

8.
9.

Ultisol
Mollisol

Low base saturated soils
Very high base saturated (dark)

ochric
mollic

10.
11.

Alfisol
Inceptisol

High to medium base saturated
Embryonic soil (slightly developed)

12.

Entisol

Recent (undeveloped)

Endopedon
-

ochric

spodic (Fe, Al,
Humus accum.)
oxic
vertic
no/argillic
/natric
argillic
no/argillic
/natric
argillic /natric
cambic

ochric
ochric
/umbric
ochric

-

Table 4: Major adsorbed cations (%) by soils of various soil orders
No.
1.

Order

H+ & Al3+

Ca2+

Mg2+

K+

Na+

Gelisol

-

-

-

-

-

2.

Histosol

-

-

-

-

-

3.

Spodosol

80

15

3

2

Tr

4.

Andisol

-

-

-

-

-

5.

Oxisol

85

10

3

2

Tr

6.

Vertisol

48

38

15

5

2

7.

Aridisol

-

65

20

10

5

8.

Ultisol

65

25

6

3

1

9.

Mollisol

30

43

18

6

3

10.

Alfisol

45

35

13

5

2

11.

Inceptisol

-

-

-

-

-

12.

Entisol

-

-

-

-

-
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Development of different soil orders :
Soil orders having different charectersicts develop different soil orders
(i). Extensive mineral weathering

Oxisols>Ultisols

(ii). Dominant swelling clays

Vertisols

(iii). Organic soils

Histosols

Table 5: Keys showing the central concept of the orders in Soil Taxonomy
S.N.

Soil properties

Yes

Order

1.

Soils with permafrost or gel material

Gelisol

2.

Organic materials extending down
words or organic layer 40cm thick
Andic properties that do not have albic
horizon with an associated spodic
horizon
Spodic horizon within 2m of soil
surface
An oxic horizon within 2m of soil
surface
30% or more clay to a depth of 50cm
and shrink swell clays
An aridic soil moisture regime or a salic
horizon
An argillic horizon or fragipan and BSP
<35 at 1.25m below argillic horizon or
75cm below the fragipan.
A mollic epipedon and BSP >50 to an
impermeable layer or at 1.8m from
surface
An argillic horizon or natric horizon or
a fragipan
A cambic sulphuric, calcic, gypsic,
petrocalcic, petrogypsic , horizon or
with a mollic, umbric or histic epipedon
or with an ESP>15
Others

Histosol

3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

II. SUBORDERS
 It is differentiated on the basis of
additional soil properties where the
horizons are differentiated due to
difference in soil temperature , soil
moisture, chemical and textural
features.
 The name of the suborder has two
syllables. The last syllable is the
formative element of the order. First
syllable
represents
additional
diagnostic properties.
For example
aqu
ent
(First)
(last)
where last one is the Formative
Element of the ORDER
It has about 26 Formative
Elements (Soil Survey Staff, 2010)

But if no

Spodosol
Andisol
Oxisol
Vertisol
Aridisol
Ultisol
Mollisol
Alfisol
Inceptisol

Entisol
III. GREAT GROUP
It is differentiated on the basis of
 Differentiating soil horizons i.e.
accumulation of clay and/or humus
and pans that interfere in water
movement or root penetration .
 Differentiating soil features i.e. self
mixing properties of clays, soil
temperature and major differences in
contents of Ca, Mg, Na, K, Gypsum
and other salts.
 It has 3 to 4 syllables. Last two
syllables are the name of suborder.
 First syllable connotes
diagnostic property
Natr
Argid
(First)
(last)
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 In case of 4 syllables one vowel is
introduced for continuity in the great
group
cry
o
fluvent
 It has 56 formative elements
IV. SUBGROUP
 Subgroup is formed by adding one or
more adjectives before the name of
Great group.
 There are 3 kinds of subgroups :
(i) Typic : It represents the central
concept of its Great Group.
(ii) Intergrade : When it tends
towards other orders, suborders
or great groups (i.e. different soil
properties or specific properties
differing from Typic)
(iii) Extragrade : When the soil
intergrades with non soil group
e.g. Hard rock, sediments etc.
 Properties may not be intergrading
clearly but some other properties
prevail.
 Formative elements of the subgroup
are  Most representative subgroup is Typic
or Haplic meaning simple.

by the total soil thickness are known
as weighted averages of FCS.
 Location of family control section :
there are three conditions
(i) When argillic horizon does not
exist: FCS extends from a depth
of 25 to 100 cm.
(ii) When argillic horizon is >50cm
thick, upper 50cm thick argillic
horizon is considered as FCS.
(iii) When argillic horizon is <50cm,
whole
argillic
horizon
is
considered as FCS.
Components of family differentiae
(a)

The family differentia are used to
distinguish families is of mineral
soils and the mineral layers of
some organic soils within a
subgroup
(b) The class names of these
components are used to form the
family name.
(c) The components are listed and
defined in the same sequence in
which the components appear in
the family names.
Main components are :
1. Particle size classes
2. Mineralogy classes
3. Calcareous and reaction classes
4. Soil temperature classes
5. Soil depth classes
6. Soil slope classes
7. Soil consistence classes
8. Classes of coatings (on sand)
9. Classes of cracks.

V. FAMILY
 Family
within
a
subgroup
is
differentiated on the basis of soil
properties which are important for
the plant growth and development or
from engineering point of view
 Family grouping is done on the basis
of similar physic-chemical properties
which are responsive to management
and manipulation for use i.e.
movement of air, water and plant
nutrients.
 Family consists a name of subgroup
preceeded by 3-5 modifiers. These
modifiers narrow the properties
enough to permit general statement
about the use and management of
soil.
Family Control Section (FCS)
 A part of the profile representing the
whole profile development is known
as Family Control Section. It provides
weighted
averages
of
various
properties.
 Weighted Average: The values of
various properties multiplied with soil
thickness (cm), added and averaged

VI. SOIL SERIES (common category of
1938)
“It is a group of soils having
soil horizons similar in differentiating
characteristics and arrangement of soil
pedon except for the texture of surface
soil and developed from a particular type
of parent material”
Criteria to separate various soil series

a.

Soil series are differentiated on the
basis of observable and mappable
properties. Soils in the same soil
series
have
the
following
charecterstics :
Similar kind, appearance and
properties such as thickness,
colour,
texture,
structure,
consistence, calcareousness and
reaction classes (pH)
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b. Similar number and arrangement of
soil horizons in the pedon.
c. Similar chemical and mineralogy
properties.
d. Different soil series have different
sets of soil properties.
Naming of soil series


Naming of soil series has no
pedogenic significance. It represents
prominent geographic names like a
river, town or area where it was
recognized for the first time.



Soil Series names remain tentative
unless they are established by the
Soil Correlation Authorities (SCA).



Soils
within
a
series
are
homogeneous in all the pedon
characteristics but may vary in soil
mapping units. In a soil series
surface texture, depth, erosion,
stoniness, etc may vary to a certain
extent
that
no
additional
management is required. Exceeding
these
limits
may
need
extra
management making possible to
create other soil series.



Each series is subdivided into soil
mapping units which are called
phases of soil series.

Requirement for the establishment of a
soil series :
The one soil series should differ
from other soil series.
(ii) It should have in area of at least
800 ha.
(iii) It should have atleast 10 pedons
showing similar characteristics.

Description of standard soil series
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Status of soil series
Initials of authors with date
Name of soil series
Introductory paragraph
Typifying pedon
Type location
Range in characteristics
Competing
series
and
their
differentiae
Setting
Principal associated soil series
Drainage and permeability
Extent of use and vegetation
Distribution and extent
Soil series proposed or established
Remarks

Soil phase (subdivision of soil series) :
(i)
(ii)
(iii)
(iv)
(v)
(vi)

(i)

(vii)

Soil phase is used as association
with soil series but is not a category
of the soil classification system.
Phase of soil series has replaced the
soil type as a soil mapping unit
Its most common use is a
subdivision
of
a
soil
series
delineating a soil mapping unit.
It helps in delineating soil areas for
practical use such as farming,
municipal and Tehsil zoning
Mapping units are also called as the
polypedons
Soil phases have differences in
surface
soil
texture,
solum
thickness,
percentage
slope,
stoniness, saltiness, extent of
damage from erosion and others
Phase may also be used as a
subdivision of soil order, sub order,
great group, subgroup or family in
Soil Taxonomy.

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

190

