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Shri Pranab Mukherjee
President of India

M ssagee

The President of India, Shri Pranab Mukherjee, is happy to know that
the Jabalpur Chapter of the Indian Society of Soil Science, Department of Soil
Science and Agricultural Chemistry of the Jawaharlal Nehru Krishi Vishwa
Vidyalaya, Jabalpur is organising a National Conference on "Soil Health: A Key
to Unlock and Sustain Production Potential" on September 3-4, 2014 to
commemorate its Golden Jubilee Year.

The President extends his warm greetings and felicitations to the
organisers and the participants and sends his best wishes for the success of the
Conference.

Press Secretary to the President

Tel.: 011-23016535 (Direct), 23015321 Extn. 4322, Fax: 23794498, E-mail: press.secy@rb.nic.in, presssecyrb@gmail.com

Venu Rajamony
Press Secretary to the President
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Message

Dr. S. Ayyappan
Secretary & Director General

GOVERNMENT OF INDIA
DEPARTMENT OF AGRICULTURAL RESEARCH

& EDUCATION AND
INDIAN COUNCIL OF AGRICULTURAL RESEARCH

Ö æÚ UÌ  â Ú U·¤æÚ U
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(S. Ayyappan)

It is a great pleasure to learn that the Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur is celebrating its Golden Jubilee year and on this occasion Department of Soil
Science andAgricultural Chemistry is organizing a National Conference on "Soil Health:A
Key to Unlock and Sustain Production Potential" from 3-4 September, 2014. Soil health
needs great concern in boosting and to sustain crop production.

JNKVV has done a commendable work towards technological empowerment and
dissemination of technologies to farmers that enabled Madhya Pradesh to lead in food
grain production in the country and also contributing towards meeting the future
challenges of food grain requirement.

I extend my heartiest congratulations to the Vice Chancellor and faculty members
for their endeavor in organizing the conference.

I wish the Conference a great success.

JNKVV, Jabalpur (M.P.)

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

Ministry of Agriculture, Krishi Bhavan
New Delhi 110 001

Tel.: 23382629; 23386711 Fax: 91-11-23384773
E-mail: dg.icar@nic.in



Message

It gives me an immense pleasure to note that Jabalpur Chapter of Indian
Society of Soil Science, Department of Soil Science and agricultural Chemistry,
JNKVV, Jabalpur is organizing a National Conference on "Soil Health:A Key to Unlock
and Sustain Production Potential" during 3-4 September 2014.

Soil is the foundation of agriculture, which needs to be utilized judiciously to
meet the growing demand for food in the country. Soil health is critical for plant growth
and therefore most important for sustainable agricultural production system.

Over the time we have witnessed rapid strides in the growth of scientific
advancements and paradigm shifts. National conferences provide the opportunities
for active interaction among stakeholders and draw road maps for enhancing
elements of quality in the way of life of human race in general and farmers in particular.

I firmly believe that this conference will provide an interactive platform to come
out with useful recommendations to improve soil health for achieving food and
environmental security in sustainable way.

My best wishes for grand success of the National Conference.

(Alok K. Sikka)

Indian Council of Agricultural Research

Ph. : 91-11-25848364 (0),
24121571 (R) Fax : 91-11-25848366

E-mail: aksikka@icar.org.in;
aloksikka@yahoo.co.in

Krishi Anusandhan Bhavan-II, Pusa, New Delhi - 110 012
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Dr. Alok Kumar Sikka
Deputy Director General (NRM)
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Since independence, food economy of India has gone through an absolute cycle
starting with food shortages via comfortable food self sufficiency and back again to
possibility of food anxiety situation. Agriculture sector is witnessing a serious problem of
stagnating or even declining crop productivity and diminishing soil health due to exploitative
and over intensive agricultural practices. Safeguarding the soil health is essential to address
the sustainability issues of agricultural production to achieve the goal of food security.

It gives me immense pleasure that, Jabalpur chapter of Indian Society of Soil
Science, Department of Soil Science and Agricultural Chemistry, JNKVV, Jabalpur is
organizing National Conference on "Soil Health: A Key to Unlock and Sustain Production
Potential" during 03 - 04 September, 2014. It is my trust and belief that during this National
Conference scientists will be able to evolve the approaches for improving the soil health to
achieve and sustain the food security.

I wish very thought provoking, interactive, innovative and foresighted discussions for
sustaining the soil health and crop productivity. I also take this opportunity to convey my best
wishes for great success of the Conference.

Message
Prof. V.S. Tomar

Vice Chancellor

Krishi Nagar, Adhartal, Jabalpur 482 004 (M.P.)
Phone: 0761-2681706 (O), 2681809 (R)

Fax : 0761-2681389
E-mail: vst.vcjnkvv@gmail.com

Jawaharlal Nehru Krishi Vishwa Vidyalaya
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Soil is the backbone of agriculture and need to be nourished carefully for
sustaining the agricultural productivity and environmental security. 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 air
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 changes including water and nutrient movement, habitat provision 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 about importance and utility of managing soil health for
sustainable agricultural production system.

It is matter of immense pleasure that Jabalpur Chapter of Indian Society of Soil
Science, Department of Soil Science and Agricultural Chemistry, JNKVV, Jabalpur is
organizing a National Conference on "Soil Health: A Key to Unlock and Sustain
Production Potential" during 3-4 September, 2014.

I strongly believe that deliberations and discussions during these two days of
National Conference will definitely result in recommendations for short and long term
solutions to improve and sustain soil health for meeting challenges of food security.

I wish grand success for this National Conference.

Foreword
Dr. S.S. Tomar

Director Research Services

Krishi Nagar, Adhartal, Jabalpur 482 004 (M.P.)
Phone: 0761-2681706, 2681074 (O)

Fax : 0761-2681389

Jawaharlal Nehru Krishi Vishwa Vidyalaya
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Soil is a living and life-giving natural resource and is the basis of our nation's
agroecosystems which provide us with feed, fiber, food and fuel.

As world population and food production demands rise, keeping our soil healthy and
productive is of paramount importance. So much so that we believe improving the health of our
Nation's soil is one of the most important conservation endeavors of our time.

Soil is a natural mix of weathered rock and organic matter that forms on the Earth's
surface. It is the foundation for all crop production. It is biologically active and home to a wide
range of living organisms including soil microbes, earthworms, and growing plant roots. Soil is
composed of minerals, air, water, and organic matter that are important for healthy plant growth.
The ability of soil to provide essential nutrients is called fertility.Soil works for us if we work for the
soil by using management practices that improve soil health and increase productivity and
profitability immediately and into the future. A fully functioning soil produces the maximum
amount of products at the least cost. Maximizing soil health is essential to maximizing
profitability. Soil will not work for us if we abuse it.

Soil Health Management Systems are a collection of conservation practices that focus on
maintaining or enhancing soil health by addressing the four soil health planning principles:
manage more by disturbing the soil less; diversify with crop diversity; grow living roots throughout
the year; and keep the soil covered as much as possible. The underlying principle in the use of
the term "soil health" is that soil is not just an inert, lifeless growing medium, which modern
farming tends to represent, rather it is a living, dynamic and ever-so-subtly changing whole
environment.

So agriculture must, literally, return to its roots by rediscovering the importance of healthy
soil, drawing on natural sources of plant nutrition, and using mineral fertilizer wisely

Preface
Dr. A.K. Rawat

Organizing Secretary & Head

(A.K. Rawat)

Department of Soil Science and
Agricultural Chemistry

Telefax: +91-761-2681119
E-mail: headsoil@gmail.com

Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur (M.P.)
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Main Campus
Agriculture College
Agricultural Engineering College
Zonal Agricultural Research Station
Regional Agricultural Research Station
Sub-Station
Krishi Vigyan Kendra

i.
iii.
iv.
v.
vi.
viii.
ix.

Chhattisgarh Plains
Northern Hills of Chhattisgarh
Kymore Plateau and Satpura Hills
Vindhyan Plateau

   Central Narmada Valley
Bundelkhand Zone
Satpura Plateau

  AGRO-CLIMATIC ZONES RESEARCH STATIONS & COLLEGES

In Madhya Pradesh, JNKVV is conducting education,
research and extension activities for enhancing productivity,
profitability and sustainability of agricultural production
system and quality of rural livelihood. Since its inception,
the University has contributed significantly and committed
to render services to combat the upcoming challenges of the
rural sector.

Under an Act of Madhya Pradesh Legislature passed in
1963, the University, Jawaharlal Nehru Krishi Vishwa
Vidyalaya (JNKVV) was established by transferring the
then existing six Government Colleges of Agriculture and
two Veterinary Sciences & Animal Husbandry and 26
Research Stations, on the pattern of Land grand College of
USA to narrowed down the gap between experts and
farmers. With an integrated mandate of Teaching, Research
and Extension the JNKVV was inaugurated by the then
Minister of Information & Broadcasting, Government of
India on October 2 , 1964.

With the advent of time, the JNKVV had partition in
1987 with the formation of Indira Gandhi Krishi Vishwa
Vidyalaya at Raipur (Chhattisgarh), second in 2008,
establishing Rajmata Vijayaraje Scindia Krishi
Vishwavidyalaya at Gwalior and the third partition was
experienced in 2009 with the formation of Nanaji
Deshmukh Veterinary Science University at Jabalpur.

The University is serving 25 districts of Madhya
Pradesh through 5 Colleges of Agriculture (Jabalpur, Rewa,
Tikamgarh, Ganjbasoda and Waraseoni); one College of
Agricultural Engineering (Jabalpur); one Horticultural
Vocational Education Institute and Dryland Horticultural

Research & Training Centre (Garhakota, Sagar), 4 Zonal
Agricultural Research Stations (Jabalpur, Powarkheda,
Tikamgarh and Chhindwara), 4 Regional Agricultural
Research Stations (Rewa, Sagar, Dindori and Waraseoni), 4
Agricultural Research Stations (Naugaon, Garahakota,
Sousar and Tendini) and 20 Krishi Vigyan Kendras spread
over seven agro-climatic Zones.

nd

Outreach and Present Status

Education

Research

Extension

Research Accomplishments

Bachelor's, Master's and Doctorate programmes in
Agriculture, Forestry, Agricultural Engineering
Master's and Doctorate programme in Agricultural
Biotechnology and Master's in Agri-business
Management
Well equipped library with internet facility,
instructional farms
Well furnished boys and girls hostels Wi-fi connected &
gymnasium
Rural Agricultural/ Forestry Work Experience
Experiential Learning programme
Student's Placement Cell

Varietal development & release
Development of potential cropping systems
Natural Resource Management
Integrated Nutrient Management
Domestication, conservation and processing of
medicinal & aromatic plants
Nucleus, Breeder & Certified seed production of major
crops
Conservation of plant biodiversity
Development and innovation in farm machinery, post
harvest technologies & agricultural instrumentation

On-campus and  off-campus trainings
Demonstrations  and  'on-farm'  trials
Organization  of  Kisan Melas
Mass communication through newspapers,  radio and
TV
Publication of  extension literature
Institution Village Linkage Programme
Krishi Vigyan Kendras · Kisan Call Centre
Services through plant clinics
Agricultural Technology Information Centre

Since inception a total of 238 varieties of various crops
have been developed. Seventy eight varieties of 28
major crops have been developed in last 10 years.
Significant contribution towards approaches for
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sustainability through the development of crop varieties
resistant to diseases such yellow mosaic virus of
soybean (Jawahar Soybean 97-52, JS 20-29, JS 20-34),
white rust (Jawahar Mustard 1) downy mildew (Jawahar
Moong 721), wilt and sterility mosaic (Pigeonpea JKM
7), phytophthora blight (Jawahar Til 22), powdery
mildew and wilt (Jawahar Pea 885), fruit rot (Jawahar
Mirch 218), scurf (Jawahar Sweet Potato 145),
chickpea vascular wilt (Jawahar Gram 315, JG 74, JG
322, JG 11, JG 130, JG 16, JG 63, JAKI 9218, JG 14, JG
6, Kabuli (JKG 1,2 and 3), Gulabi (JGG 1).
Developed superior high quality fodder varieties viz.,
Jawahar Chari 6, 69, Jawahar Berseem 1, Jawahar Oat 5
and Rice Bean (01).
About 1100 species of 450 genera of medicinal and
aromatic plants are being conserved besides
development of 12 varieties of 7 crops. The University
standardizes agro techniques of 10 medicinally
important crops.
Developed and standardized practices for black soil of
high rainfall areas such as Ridge-furrow system for
planting upland crops, Raised and sunken bed
technologies and Rain water recycling technology for
efficient use of land and water resources.
Identified modules of Integrated Farming Systems
(IFS) for Lac cultivation, Bee keeping, Mushroom
production, Inland fisheries and Agro Forestry.
Developed soil test based fertilizer adjustment
equations for 16 major food grain, oilseed & pulses of
the State.
Developed electronic instruments such as multi channel
electronic choke Indicator for tractor driven seed drills,
digital grain moisture meter, micro controller based rice
polish management system, soil nutrition estimation
system and system for safe grain storage.
Developed multimedia bilingual software for
dissemination of available agricultural technologies, e-
IPM for pest, disease, nematode, weed and nutrient
disorder.
Ushered in food security through continued
development of improved varieties of rice (22), wheat
(13), maize (7), sorghum (7), chickpea (22), pigeonpea
(6), mung bean (4) black green gram (4), lentil (3), field
pea (3), soybean (14), groundnut (4), mustard (2), toria
(1), sesame (5), linseed (7), safflower (3), niger (3),
cotton (14), sugarcane (1), pearl millet (4), kodo millet
(11), finger millet (3), little millet (3), fodder-sorghum
(2), berseem (1), chilli (2), table pea (6), sweet potato
(1), coriander (1), opium (2), asgandh (2), isabgol (1),
henbane (1) and Dolichos bean (2).
First, white rust fungal disease resistant variety of
mustard J. Mustard 1 developed in 1999.
First variety of coloured cotton -Jawahar Coloured
Cotton 1.

Raised and sunken bed technology and rainwater
recycling technology developed for efficient use of land
and water.
Identification of  potential cropping systems for
different agro-climatic zones for irrigated and un-
irrigated situations.
Integrated package for the management of major insect-
pest, diseases and weeds.
Development of low cost machines  viz., thresher for
sunflower, safflower handling devices, water chestnut
decorticator, pea peeling machine, chickpea stripping
cum shelling machine, tillage equipment, energy saving
dryers and onion storage structure.
Development of electronic instruments such as multi
channel electronic seed choke indicator for tractor
driven seed drills, digital grain moisture meter, fertilizer
recommendation package, micro controller based rice
polish measurement system, soil nutrient estimation
system, micro controller based sulphur estimation
system and e-Agrotech; multimedia software for
package of practices for 12 crops.
Developed high yielding disease resistant varieties of
wheat for rainfed situation with export quality produce.
Developed extra early, high yielding rice hybrids.
Enhancement of cropping intensity by introduction of
thermo-insensitive variety of chickpea in rice fallow
cropping system.

The State of Madhya Pradesh has exhibited a
tremendous growth rate in agricultural production during
last three years. The State has received 'Krishi Karman
Award', a prestigious recognition at national level
continuously for last two years. This could have been
possible due to the integration of approaches and
opportunities made by policy makers and wider adoption of
improved technologies by beneficiaries. JNKVV has played
a pivotal-role is changing the socio-economic status of
farmers through its continued dissemination of knowledge
with other agencies. A spectacular highest growth rate of
24.99% by Madhya Pradesh in the country has been
witnessed in agriculture. At the same time JNKVV is
credited for producing competent human resources.

Centre of Advanced Studies in Soil Science and
Agricultural Chemistry (Jabalpur)
Centre of Excellence in Medicinal and Aromatic Plants
(Jabalpur)
Crop Maintenance Breeding Centre
Breeder Seed Production Centre
Referral Seed Technological Lab
Business Planning and Development Unit
Kisan Mobile Sandesh and Technology Park

Impact

Excellence at National Level
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Preamble

Mission

Mandate

Objectives

Agro-climatic Characteristics

Government of India in coordination of the Government
of Madhya Pradesh established the multi campus university
at Jabalpur, in the heart of the country, named after the
architect of modern India,  Pt. Jawaharlal Nehru, based on
the recommendations of Radhakrishnan Commission
(1949) on the concept of establishment of Agricultural
University. An approach was envisaged to narrow down the
gap between the experts and farmers through Joint Indo-
American Team on Agricultural Research and Education in
1954-55 and 1959-60 on the pattern of Land Grant Colleges
of USA. College of Agriculture, Jabalpur was established in
1955 (affiliated to then Jabalpur University). On October 2,
1964, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV)
was inaugurated by the then Union Minister of Information
and Broadcasting, Smt Indira Gandhi. Dr. J.S. Patel took
over as the first Vice Chancellor in October 1964.

With the establishment of the Faculty of Agriculture in
Jawaharlal Nehru Krishi Vishwa Vidyalaya, the Department
of Soil Science & Agricultural Chemistry came into
existence during 1967 which was first headed by Prof. P.M.
Tamboli. However, M.Sc.(Ag.) and Ph.D. in Soil Science &
Agricultural Chemistry was started in 1962 and 1971,
respectively. The Department runs M.Sc.(Ag.) and Ph.D.
degree programmes as scheduled by the VV. Soil Fertility
and Plant Nutrition, Soil Physics, and Soil Microbiology are
the prime areas of specialization in the department. The
department has established several magnificent milestones
in research, teaching and extension activities for the benefit
to mankind, particularly to the farming community.

To conduct Education, Research and Extension
activities for enhancing productivity, profitability and
sustainability of agricultural production systems through
maintaining soil fertility and productivity so as to improve
quality of rural livelihood in the state of Madhya Pradesh.

To conduct research and develop human resource in the
field of Soil Science and Agricultural Chemistry.
To disseminate technologies to farmers, extension
functionaries and organizations engaged in agricultural
development through various extension programmes.

To offer courses in different disciplines of Soil Science
and Agricultural Chemistry for the undergraduate
degree programmes in Agriculture, Horticulture,
Agricultural Engineering and Forestry, and Masters
and Ph.D. degree programmes in Soil Science &
Agricultural Chemistry.
To exchange information with other scientists and
extension staff engaged in similar pursuits through
field trials, training, group discussion, symposia,
seminar, conference and publications.
To carry out the fundamental and applied researches on
soils, especially in Pedology, Soil Classification, Soil
physics, Soil Fertility, Soil Microbiology, Plant
Nutrition, Agricultural Chemicals and Farm and
Industrial Wastes Utilization.
Teaching: Under graduate and post graduate teaching,
and trainings of scientists / teachers of ICAR, SAUs
and State Agriculture Department under Centre of
Advanced Faculty Training (CAFT) and other
programmes.
Extension: Technology transfer and other activities.

Out of 15 major agro-climatic zones of India (Planning
Commission), three are spread over the Madhya Pradesh
viz., Eastern plateau and hills region, Central plateau and
hills region, and Western plateau and hills region. Further,
the National Agriculture Research Project (NARP), based
on rainfall, existing cropping pattern and administrative
units, divided the whole country into 129 sub-zones (agro-
climatic zones), out of which 11 sub-zones are of Madhya
Pradesh State. The area under the University jurisdiction
contains 7 agro-climatic zones viz., I. Chhattisgarh plains,
III. Northern hills region of Chhattisgarh, IV. Kymore
plateau and Satpura hills, V. Vindhyan plateau, VI. Central
Narmada valley, VIII. Bundelkhand zone, and IX. Satpura
plateau.

Major soils of the country viz., Vertisols (high content
of expansive clay, black cotton soils), Inceptisols (weakly
developed soils due to rapid alteration of parent materials,
red and black of  soils), Entisols (little or no morphological
/ horizon developed soils of recent origin, river alluvium),
and Alfisols (weathered / leached soils under deciduous
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forests, rich in Fe and Al) cover large tracts of the Madhya
Pradesh State. These soils are highly diversified and are
being cultivated primarily under rainfed conditions.
Vertisols and associated soils are potentially productive but
are faced with problems of drainage, tillage, excess moisture
and drought stress. If managed properly, these may prove to
be the grainaries of the country. The second biggest group of
soils is Alfisols which are inherently poor in fertility and
moisture retention capacity. The third major group is of
alluvial soils which have high percentage of irrigated
farming and are faced with problems of salinity / alkalinity /
water logging. Besides deficiency of major nutrients, some
of the soils are reported to be deficient in secondary and
micronutrients, especially in S and Zn. Also wastelands,
such as gullied and/or ravenous lands, degraded
forest/plantation crops/pasture lands and mining industrial
wastelands cover large tracts of the State.

The overall climate varies from semi-arid to sub-humid
with hot summer (38 to 44 C), cool and dry winter (7 to 13
C) with rainfall (during June to October) maximum 1200 to

1600 mm in Chhattisgarh plains and Northern hills region of
Chhattisgarh, and minimum 1000 to 1500 mm in other agro-
climatic zones; average crop growing period is 150 to 180
days; and forest type is tropical moist to tropical dry
deciduous (sal, teak, tendu, dhak/betua, anjan, etc. in
Chhattisgarh plains, Vindhyan, Satpura and other hilly
ranges; and semi-xerophytic vegetation, thorny, bushy type

in northern and western parts). The main food crops are
sorghum, wheat, rice and coarse grain such as kodo, little
Italian millets. Important commercial crops are pulses,
oilseeds, cotton, sugarcane and medicinal crops. The state
is poised for a breakthrough in soybean cultivation. It is first
in soybean, oilseeds, chickpea and maize production in the
country.  crops occupy 60% and  crops 40%
areas with 71.4% area under food grain production. Nearly
53% of landholders are marginal, whereas small farmers
share 18% of farmland. Low literacy (35.45%), undulating
topography, large waste land (13.2%), low ground water
utilization, large proportion of rainfed agriculture (75%),
practice of  fallow (3.6%), low cropping intensity
(126%), low fertilizer consumption (31 kg/ha), high
proportion of low value crops, and high population of low
productive livestock are the major constraints of the state.

 o

o

Kharif Rabi

Kharif

TEACHING

M.Sc. (Ag.) and Ph.D. in Soil Science & Agricultural
Chemistry was started in 1962 and 1971, respectively. A
strong postgraduate teaching programme offers a wider
choice to select the subjects of specialization in the
following major areas.

Soil Pedology
Soil Fertility and Plant Nutrition
Soil Physics
Soil Chemistry
Soil Microbiology

Admission to post graduate students is provided on the
merit basis at the University level. Education is offered
through English medium, under semester system with 10
point scale for evaluation. Courses offered during the
degree programme in the above areas of specialization are
based on Fourth Deans' Committee. The doctorate degree
programme is offered as per new course curriculum
proposed by ICAR from the academic session 2008-09.

For Bachelor degree programme, admission is made
through Pre-Agriculture Test (PAT) organized by Madhya
Pradesh Board of Professional Examination, Bhopal. Apart
from the programme of theory and practical for different
courses, innovative programmes are also introduced to
expose the students to the real farming and farmers
conditions. This includes Rural Agriculture Work
Experience (RAWE) and Forestry Work Experience (FWE)
for one semester and course on crop and tree plantation.

The research works of M.Sc.(Ag.) and Ph.D. students
involve the following major research areas

Soil degradation and restoration of soil health

Areas of Specialization

Students' Research activities
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Nutrient management in crops and soils

Soil testing crop response studies
Long term fertilizer experiment
Sustainable nutrient management in agriculture
Micro and secondary nutrients deficiency and
management

Environmental pollution and remedication

Heavy metal contamination in soils, plants & water
Pesticide residues in soils,  plants and water

Natural resource management in enhanced livelihood
Development and application of analytical methods for
testing soil, plant, water, fertilizer, pesticides and
pollutants
Soil Biodiversity, biofertilizers and OM management

Microbial ecology and biochemistry
Nutrient management by microbiological
techniques
Plant protection with bio-control agents
Commerc ial  p roduction  technology  of
biofertilizers/ biopesticides
Soil organic matter management
Recycling of industrial and farm wastes in
agriculture

Introduction to Soil Science
Agricultural Microbiology
Soil Chemistry, Soil Fertility and Nutrient Management
Manures, Fertilizers and Agro-chemicals
Experiential Learning

Module : Crop Production
Sub module : Soil Management

Soil Fertility and Fertilizer use
Soil Chemistry
Fertilizer Technology
Basic concepts in Laboratory Techniques
Soil Physics
Soil Mineralogy, Genesis, Classification and Survey
Soil Biology and Biochemistry
Soil, Water and Air Pollution
Master's Seminar
Master's Research

Advances in Soil Physics
Advances in Soil Fertility
Physical Chemistry of Soils
Biochemistry of Soil Organic Matter
Basic Concepts in Laboratory Techniques

Soil Genesis and Micropedology
Land Use Planning and Watershed Management
Soil, Water and Air Pollution
Doctoral Seminar
Doctoral Research

Passed out students since the inception of department:

M.Sc. (Ag.) : more than 276
Ph.D. :  more than 41

ICAR Senior Research Fellowship : 03
Student’s Placement : Assistant Director Agriculture
through MPPSC, Bank Services, UPSC, ICAR
Services, Private Companies and NGOs
Abroad for Ph.D. : 01

Year of Start : 1995-96
Training programmes
organized till 2013-14 : 27
Faculties trained : 535

Well equipped seminar hall
Green house
Gamma Chamber
Environmental Growth Room
Bio-fertilizer Production Unit
Laboratory for UG students
Soil Testing Laboratory
Soil Physics laboratory
Micronutrient and Heavy Metal Testing Lab
Soil Fertility Laboratory
Soil Microbiology Laboratory
Water distillation Plant
Digestion Room
Departmental Library with quality books and
periodicals
Postgraduate Classroom with audio-visual aids

q

q
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Academic Programmes & Courses offered
A. Undergraduate Degree Programme

B. Masters Degree Programme

C. Doctoral Degree Programme

Centre of Advanced Faculty Training

Significant Achievements

Facilities Available
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Library

RESEARCH

Specialized Library with a Reading Hall

Books : More than 600
Manuscripts : Around 100
Journals : More than 10
Thesis of M.Sc. and Ph.D. : More than 300

AICRP on Micro and Secondary Nutrients and
Pollutant Elements in Soils and Plants
 AICRP on Long Term Fertilizer Experiment
 AINP on Soil Biodiversity and Biofertilizers
 AICRP on Soil Test Crop Response
Centre of Advanced Faculty Training

Use of Microbes for Plant Protection and Nutrient
Management in increasing Crop Productivity (funded
by Mandi  Board, Bhopal  M.P.)
Establishment of Biofertilizer Plant under BPD Project
(funded by ICAR)
Evaluation of Soil Fertility and Fertilizer Effects in the
Soybean Fields of Madhya Pradesh (funded by JICA )

 Commercial Production of Biofertilizers
 Soil Testing

Generated soil fertility maps of state for micronutrients
Deficiency of micronutrients in Madhya Pradesh
Zn -  71%, Fe -  7%, Mn -  2%  and S -  41%

In Zn deficient soils, application of 10 kg Zn ha (50 kg
ZnSO ) to heavy clay soil and 5 kg Zn ha  (25 kg
ZnSO ) to light textured soil are recommended. One
time application of 10 kg Zn ha  (50 kg ZnSO ) is
sufficient for 6 crops giving about 10-14% more yields
of crops
Zn deficiency in standing crops can be ameliorated by
2-4 foliar applications of 0.5% ZnSO  + 0.25% lime at
10-15 days interval
Soils deficient in both Zn and S, application of 5 kg Zn
ha  (25 kg ZnSO ) + 40 kg S ha  (333 kg SSP) gives
significant increase in yield
Application of 5 t FYM / compost along with 5 kg Zn
ha  (25 kg ZnSO ) gives the equivalent yield to that

obtained from 10 kg Zn ha  (50 kg ZnSO )
Application of 1.25 kg Boron ha  (11 kg Borex) in
cauliflower is recommended for harvesting higher
yields

Balanced dose of  fertilizers (as Urea, SSP, MOP) with
FYM (15 t ha ) improves soil fertility and sustains crop
productivity in soybean-wheat (irrigated) cropping
system
Imbalanced use of fertilizers deteriorates soil health
and subsequent productivity of crops

Nutrient availability, enzymatic activities and soil
microbial biomass carbon observed remarkably higher
after release of water in  fields

Projects Currently Under Operation

ICAR  Projects

Ad hoc Projects

Resource Generation Projects

Salient Achievements of Research Projects

AICRP on Micro and Secondary Nutrients and Pollutant
Elements in Soils and Plants

AICRP on Long Term Fertilizer Experiment

AINP on Soil Biodiversity & Biofertilizers

-1

-1

-1

-1 -1

-1

-1

-1
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Soil Biodiversity of 'Haveli' fields

'Haveli'
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S.No. Crops Fertilizer Adjust equation
1. Wheat FN = 4.4 T - 0.40 SN

FP2O5 = 4.0 T - 5.73 SP
FK2O = 2.53 T- 0.16 SK

2. Paddy FN = 4.25 T - 0.45 SN
FP2O5 = 3.55 T - 4.89 SP
FK2O = 2.10 T - 0.18 SK

3. Soybean FN = 5. 19 T - 0.48 SN
FP2O5 = 5.2 T - 4.1 SP
FK2O = 3.9 T - 0.22 SK

4. Gram FN = 3.73 T - 0.18 SN
FP2O5 = 5.0 T - 2.5 SP
FK2O = 3.8 T - 0.17 SK
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Maximum soil  respiration detected during
submergence of  fields
Microbial popuations declined at submergence but it
increases soon after attaining favourable aerobic
conditions
Biofertilizer demonstrations : Minor millets (Kodo and
Kutki) or little millet and Niger in tribal areas of Dindori
significantly responded towards IPNS
PGPR and  enhance germination,
nodulation,  total N uptake and grain yields
Soybean rhizobial diversity : Madhya Pradesh soils
harbor either  or  and the fast
growing species are rare

Generated soil fertility maps of state
Based on the soil test values the project has developed
equations for targeted yields towards balanced fertilizer
recommendation for different crops. There are two
components for recommending fertilizer doses i.e. soil
test value and targeted yield level.

Where:  FN, FP O , and FK O are the fertilizer nutrient
requirements (kg ha ), T is targetted yield (q ha ) and SN,
SP and SK are available soil test values of N, P & K (kg ha )

The correlation coefficient
between soybean plant P uptake
and available P values was found
for Bray’s 2 method, followed by
Truog and Olsen’s methods
Improvement of extraction
method is required for a better
estimation of P availability in
vertisol, by considering the
acidification of rhizosphere

Contains root nodule bacteria
that fixes atmospheric nitrogen
symbiotically
Specifically useful for pulses / oil
seeds / forage legumes
Increases 10-35% grain yield

Contains free nitrogen fixing
bacteria
In addition, secretes growth
promoting substances
Useful to all crops
Increases 10- 15% grain yield

'Haveli'

Rhizobium

B. japonicum B. elkanii

AICRP on Soil Test Crop Response

Fertilizer Adjustment Equations for different crops

Evaluation of Soil Fertility and Fertilizer Effects in the
Soybean Fields of Madhya Pradesh

Jawahar  Biofertilizer

Jawahar

2 5 2
-1 -1

-1

Biofertilizer Production

Rhizobium

Azotobacter/ Azospirillum

5. Pea

6. Mustard

FN = 7.54 T - 0.76 SN
FP2O5 = 3.88 T - 1.51 SP
FK2O = 6.33 T - 0.24 SK

FN = 9.11 T - 0.37 SN
FP2O5 = 3.6 T - 0.75 SP
FK2O = 4.66 T - 0.13 SK

S.No. Crops Fertilizer Adjust equation
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Jawahar Phosphate Solubilizing
Bacteria

Jawahar Trichoderma

Jawahar Blue Green Algae

Soil testing services :

Possesses the ability to bring
insoluble / fixed soil phosphate
into soluble forms
Useful to all crops
Increase 10-20% grain yield

Contains cellulose decomposing
fungi
Helps in decomposition of plant
residues
Protects the crop plants from seed
and soil borne fungal diseases

Nitrogen fixing biofertilizer for
flooded rice
In addition, secretes growth promoting substances
Increase 10-15% grain yield

pH, EC, OC and available major and
micro nutrients (N, P, K, S, Zn, Mn, Fe and Cu) for farmers
and other organizations

Delineating areas of secondary and micro nutrient
deficiencies and their influence on fertilizer use
efficiency in different agroclimatic zones of the state
Soil test crop response studies for refining fertilizer
recommendations in different soil types of the state
Maximization of fertilizer use efficiency  based on soil-
test values and yield target concept
Long-term effects of  balance and imbalance use of
inorganic fertilizers and their integration with organic
manures  on crop yields and soil health
Development of PGPR mixed consortium  biofertilizers
To provide quality biofertilizers  and soil testing
services to  farmers
Application of GIS/GPS in mapping the soil  fertility
Development of multi-nutrient extractant with
minimum shaking time to minimize the cost, labour and
time of  soil testing

Future Thrust Areas
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EXTENSION
Front line demonstrations : more than 200
Field Days at farmer’s field : more than 40
Kisan Gosthi : more than 10
Trainings for farmers mainly in tribal districts on use of
biofertilizers, soil test based fertilizer application, role
of micronutrients, and integrated nutrient management

Soil testing services for the  farmers
Technical advisory service to the farmers
Holding training programmes for the farmers towards

importance of soil testing
Participation in farmer fairs and Kisan Sangosthis, TV
and Radio talks
Supply of biofertilizers to the farming community
Popularization and awareness about biofertilizers
through field demonstrations and farmer fairs

Undertaken the programme of Bio-industrial
Watershed Management: Soil Water Management,
Crop Diversification & Productivity Enhancement,
Post Harvest & Value Addition and Promotion of Bio-
industrial & Input Services
Construction of check dam across Bandhanala, micro
watershed for checking soil erosion, siltation of eroded
soil, recharging the ground water, bunding of
cultivated fields, pond preparation in the field to
conserve water
Constructed 32 Bio-gas plants which benifitted about
100 families
Technical knowledge and resource material have been

Use of Natural Resources and Enhanced Livelihoods
under MSSRF Project
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made available for small scale production of various
items like dona making from locally available tree
leaves, cutting & tailoring and fancy bag making, value
addition to seasonal fruits preparing Jam Jelly, pickles,
soya products, vermicomposting etc.

AWARDS

PUBLICATION

Young Scientist Award : 06

ISSS Zonal Award : 01

Best Poster Award : 03

Aryabhatt Award for best paper presentation
to Ph.D. student (B.S. Dwivedi and A.K. Rawat)
Dr. J.M. Dasgupta Memorial Award :01

Bioved Young Scientist Associate Award-2013 :01
was conferred to  Dr. H.K. Rai for his outstanding
contribution in Soil Science by Bioved Research
Institute of Agriculture and Technology, Allahabad

DST INSPIRE fellowship to Ph.D. student : 01

Jindal Group fellowship to M.Sc. (Ag.) student : 01

1987 Dr. S.B. Sinha
1992   Dr. Ram K. Gupta*
1998   Dr. V.S. Tomar*
1999    Dr. S.K. Banerjee
2009   Dr. S.S. Tomar

Research papers : 75
Review articles : 09
Technical Bulletins : 16
Book chapters : 33
Manuals : 27
Practical Manuals : 15
Question Bank publications : 10
Compilation of Publications : 08
Popular articles : 253
Pamphlets/ Folders /Tech. Folders : 95
Papers present in seminar/workshop: 122

Fellows of Indian Society of Soil Science (FISS) :

 * Also Fellow of  National Academy of  Agricultural Sciences (FNAAS)

Since last 10 years
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OUR HEADS OF THE DEPARTMENT

Dr. P.M. Tamboli
Oct. 1964 - May 1965 &
June 1966 - Sept. 1967

Dr. S.S. Khanna
Oct. 1968 - Nov. 1971

Dr. G.S. Rathore
July 1987 - Nov. 1992 &
July 1996 - June 1998

Dr. D.L. Kauraw
Feb. 1999 - Oct. 2007

Dr. R.S. Khamparia
Nov. 2007 - Dec. 2010 &
Oct. 2012 - Dec. 2013

Dr. A.K. Rawat
Jan. 2011 - Oct. 2012 &

Jan. 2014 - cont.

Dr. B.R. Tembhere
July 1998 - Jan. 1999

Dr. V.S. Tomar
Nov. 1992 - July 1996

Dr. M.M. Rai
April 1973 - Aug. 1973

Dr. S.B. Sinha
Aug. 1973 - July 1987

Dr. D.P. Motiramani
May 1965 - May 1966 &
Nov. 1971 - Jan. 1972

Dr. G.P. Verma
Sept. 1967 - Oct. 1968 &

Jan. 1972 - Apr. 1973
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Soil Fertility Maps of Madhya Pradesh
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Climate change and agriculture are interrelated processes,
both of which take place on a global scale. Global warming
is projected to have significant impacts on conditions
affecting agriculture, including temperature, carbon
dioxide, glacial run-off, precipitation and the interaction of
these elements. These conditions determine the carrying
capacity of the biosphere to produce enough food for the
human population and domesticated animals. The overall
effect of climate change on agriculture will depend on the
balance of these effects. Assessment of the effects of global
climate changes on agriculture might help to properly
anticipate and adapt farming to maximize agricultural
production.

At the same time, agriculture has been shown to
produce significant effects on climate change, primarily
through the production and release of greenhouse gases such
as carbon dioxide, methane, and nitrous oxide, but also by
altering the Earth's land cover, which can change its ability
to absorb or reflect heat and light, thus contributing to
radiative forcing. Land use change such as deforestation and
desertification, together with use of fossil fuels, are the
major anthropogenic sources of carbon dioxide; agriculture
itself is the major contributor to increasing methane and
nitrous oxide concentrations in Earth's atmosphere. How
true?

1. Climate on the Three Sisters planets

1. Mercury, smallest and closest to the Sun : Corpse of a
planet.

2. NO ATMOSPHERIC BLANKET, Because it has
almost no atmosphere to retain heat, Mercury's surface
experiences the greatest temperature variation of all the
planets, ranging from -173 °C at night to 427 °C; during
the day at some equatorial regions.

3. The poles are constantly below -93 °C

1. Venus is the second planet from the Sun

2. Venus is a terrestrial planet and is sometimes called
Earth's "sister planet" because of their similar size,
gravity, and bulk composition

3. THICK ATMOSPHERIC BLANKET, It has the
densest atmosphere of the four terrestrial planets,
consisting of more than 96% carbon dioxide. Receives
and traps solar energy.

4. The mean surface temperature of 462 °C;

5. It has no carbon cycle to lock carbon back into rocks and
surface features, nor does it seem to have any organic
life to absorb it in biomass.

1. Earth, is the third-closest planet to the Sun, the densest
planet in the Solar System.

2. MODERATE ATMOSPHERIC BLANKET, CO  traps
a portion of the solar radiation in atmosphere. Carbon
compounds cycled through rocks, atmosphere and
oceans.

Introduction

Mercury (planet)

Venus

Earth

Planetary system

2

Application of RS and GIS : A New Approach for Soil Health Management

A. K. Agnihotri
Former Professor (Soil Science)

GBP University of Ag. & Tech., Pantnagar, India
Email : akagnihotri@gmail.com
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3. Only celestial body
known to accommodate
life. It is home to
millions of species,
including a global
population of humans,
that are supported and
n o u r i s h e d  b y  i t s
biosphere and minerals.

1. Mars is the fourth planet
from the Sun

2. THIN ATMOSPHERIC
BLANKET, Mars is a
terrestrial planet with a
t h i n  a t m o s p h e r e ,
receives ½ eath's solar
energy.

3. S u r f a c e  f e a t u r e s
reminiscent both of the
impact craters of the
Moon and the volcanoes, valleys, deserts, and polar ice
caps of Earth. The rotational period and seasonal cycles
of Mars are likewise similar to those of Earth, as is the
tilt that produces the seasons.

A "nuclear winter" would likely follow a full scale
nuclear war on Earth. Earths' atmosphere acts not only as
window for sunlight but as a blanket for heat. Unlike carbon
dioxide which, which thickens the window and creates a
warming greenhouse, dust and soot thrown into atmosphere
serve to close the window, blocking solar energy reaching
the surface below. According to a study, a 5000-megaton
exchange would send millions of tons of smoke and dust
aloft to altitudes where it would last for weeks or months.
The results could be worse than the immediate effects of the
nuclear blasts, as subfreezing darkness would grip much of
the planet, stressing human life to perhaps the brink of
extinction.

Mars

A Common Fate ?

Carbon Cycle - Global Warming

The current unprecedented increase in atmospheric
carbon dioxide is a result of the burning of fossil fuels since
the advent of the industrial revolution round about 1700 AD.
This extra release of carbon dioxide into the atmosphere that
was previously locked away in a carbon sink is not a part of
any natural cycle and is the reason for the current worries
about climate change.

The carbon cycle of the planet maintains the amount of
carbon in the various carbon sinks and causes carbon to be

transferred between them. In most cases carbon is
transferred as carbon dioxide CO  or as methane CH .

This cycle has been turning since when the earth cooled
from a lump of glowing rock at its birth, although it is more
accurate to see it as something much more complicated than
the simple single wheel that "cycle" implies.

At various times in the history of the earth, different
parts of the carbon cycle have had different levels of
importance and the amount held in sinks and movement
between them has varied enormously. For instance in the
carboniferous period 360MYA to 299MYA (MYA=millions
of years ago), carbon dioxide was being captured by trees
and tree-like plants and laid down in conditions without
oxygen that would eventually become the coal deposits that
the earth has today. In the very early atmosphere of the earth
over 4 billion years ago there were very high levels of CO
and temperatures that may have been as high as 70C, as the
earth cooled and the oceans formed, so this carbon was
firstly dissolved in the oceans and then laid down as
carbonate rocks.

The global carbon cycle shows the carbon reservoirs in
GtC (gigatonne= one thousand million tonnes) and fluxes in
GtC/year. The indicated figures are annual averages over the
period 1980 to 1989. The component cycles are simplified
and the figures present average values. Evidence is
accumulating that many of the fluxes can fluctuate
significantly from year to year. In contrast to the static view
conveyed in figures like this one, the carbon system is
dynamic and coupled to the climate system on seasonal,
interannual and decadal timescales.

United Nations Environment Programme / GRID-
Arendal - Text and graphics may be reproduced in whole or

2 4
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in part and in any form for educational or non-profit
purposes, provided that credit is given to the source.

In between the early atmosphere and the present day,
atmospheric carbon dioxide has fluctuated considerably and
so has the temperature of the earth. At times the equator has
been almost uninhabitable for most plants and animals on
land due to to high temperatures while the poles have been
very productive. At other times, the equator has been tropical
and lush as it is now, while the poles are ice-bound and
barren. It is not just carbon dioxide that has had this effect on
the climate, though it has a significant part to play. Sun spots
and the position of the earth in space relative to the sun (the
Milankovitch cycles) occur in cycles and affect the amount
of solar radiation reaching the earth and so the temperature
and climate. Other factors such as volcanic activity and the
reflectivity of the surface due to snow/ice cover have their
effects too so making the understanding of why the
temperature at any particular time in the past not
straightforward, particularly in estimating the point in the
various cycles.

However - if we could have been there in the historical
or pre-historical past and measured the various factors in
place, the relative part played by each of them would be far
easier to explain which factor is having what effect.

If there wasn't a natural greenhouse effect, then the
average surface temperature of the earth would be about -
18C rather than the current +15C so some degree of
greenhouse effect is vital for life on earth as we know it to be
viable at all.

About a half of all the extra "industrial" carbon dioxide
released has been produced in the last 20 years or so.

Antarctica is involved in the carbon cycle in the ways
that other ecosystems in the world are, notably in the
absorption of carbon dioxide by plants (in Antarctica, these
are overwhelmingly phytoplankton in the oceans), the
production of carbon dioxide by the respiration of plants and
animals and also the decay of dead plants and animals.

A s  t h e  A n t a r c t i c
ecosystem is largely a
m a r i n e  s y s t e m  t h e
involvement of Antarctica in
the carbon cycle is the story
of the role of the Southern
Ocean.

The Southern Ocean has
a major role to play in taking
a w a y  ( s e q u e s t e r i n g )
anthropogenic (due to the
actions of man) carbon

dioxide. To start with gases dissolve more readily in cold
water than they do in warm water, so cold Antarctic waters
can hold more of the dissolved gas.

Around the Antarctic continent oceanic water upwells
bringing with it large amounts of dissolved minerals which
along with long hours of daylight in the austral summer leads
to the huge blooms of phytoplankton that drive the very rich
marine ecosystem. There is also a huge amount of water
around Antarctica that cools and sinks, some of it is the same
water that has upwelled when it had less carbon dioxide
dissolved in it. Upon exposure to modern higher levels of
atmospheric carbon dioxide this water takes in more than it
previously held and carries it to the ocean depths, so
removing anthropogenic carbon dioxide as it form
"Antarctic Bottom Water".

The archetypal Antarctic animal (at least to biologists)
is krill Euphausia superba, this is the source of food for all
sorts of animals such as whales, seals, penguins and a whole
host of other birds. Krill feed on phytoplankton by filter
feeding at the surface where the phytoplankton are found,
but this puts them at danger from predation. It has long been
known that krill migrate to the surface and then to deeper
levels in the ocean when not feeding to put themselves out of
the line of danger unnecessarily.

Recent research has shown that rather than making the
surface / deep cycle once every 24 hours, the krill are doing
so up to three times a day. They swim to the surface (krill
naturally sink unless swimming) to feed and then when they
are full, allow themselves to slowly sink out of the danger
zone (they actually "parachute" down as they spread out
their swimming and feeding appendages).

This is significant as when the krill sink they pass below
the level of the mixed surface layer of the sea to the region
where little or no mixing takes place with the surface layers.
As they pass to this layer they release faeces which rather
than becoming recycled by decomposers and being part of
the surface carbon cycle, become sequested in the ocean
depths and so less likely to be released quickly back into the
atmosphere.

It is estimated that 2.3 x 10  tonnes of carbon (23 million
tonnes) are locked away below the mixed layer by krill in
this way every year. This is an extra 8% of sequestration on a
global scale of all sources. This is the annual equivalent
carbon output of about 35 million cars.

There is estimated to be over 5 x 10 g of carbon on
earth. One tonne is 10 g, so this is 5 x 10  tonnes, or to put it
another way  - 50,000,000,000,000,000 tonnes.About 99%
of this is locked away in sedimentary rocks such as
limestone and chalk (both of these are made of calcium

The involvement of Antarctica in the carbon cycle

Carbon Sinks - Global Warming
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carbonate CaCO ), the remainder can pass through the
various carbon sinks and reservoirs as part of the carbon
cycle and so is in some manner "available". This remaining
carbon is distributed between a number of reservoirs, some
living (for instance you represent a carbon reservoir
approximately equivalent in size to a small bag of barbeque
charcoal), some atmospheric, some dissolved in water and
some buried beneath the earth.

This distribution is often rather surprising at first sight,
notably because there is so much carbon dioxide contained
dissolved in the oceans and relatively little is contained in the
atmosphere. The atmosphere however is exceptionally
important in that it is the transfer medium between the other
sinks and while relatively little stays in the atmosphere a
great deal passes through it.

The oceans are by far the largest sink of carbon as
dissolved carbon dioxide. This is medium-term storage and
is in a balance with atmospheric carbon dioxide, if
atmospheric carbon dioxide is removed, it will replaced by
some that was dissolved in the oceans, if large amounts of
carbon dioxide are released into the atmosphere, much of it
will be absorbed by the oceans. The vast majority of carbon
dioxide released since the start of the industrial revolution is
now held dissolved in the world's oceans if this was not the
case, the atmospheric levels would have risen far more than
they even have.

Precision farming is a comprehensive approach to farm
management and has the following goals and outcomes:
increased profitability and sustainability, improved product
quality, effective and efficient pest management, energy,
water and soil conservation, and surface and ground water
protection.. These terms may be confusing at first, but you
will soon become familiar with the language of PF.

In PF, the farm field is broken into "management zones"
based on soil pH, yield rates, pest infestation, and other
factors that affect crop production. Management decisions
are based on the requirements of each zone and PF tools (e.g.
GPS/GIS) are used to control zone inputs. In contrast,
traditional farming methods have used a "whole field"
approach where the field is treated as a homogeneous area.
Decisions are based on field averages and inputs are applied
uniformly across a field in traditional farming. The
advantage of PF is that management zones with a higher
potential for economic return receive more inputs, if needed,
than less productive areas. Therefore, the maximum
economic return can be achieved for each input.

PF relies on three main elements: information,
technology, and decision support (management).

Timely and accurate information is the modern farmer's
most valuable resource. This information should include
data on crop characteristics, hybrid responses, soil
properties, fertility requirements, weather predictions, weed
and pest populations, plant growth responses, harvest yield,
post harvest processing, and marketing projections.
Precision farmers must find, analyze, and use the available
information at each step in the crop system. An enormous
database is available on the internet. This data is both
accessible and quickly updated.

Precision farmers must assess how new technologies
can be adapted to their operations. For example, the personal
computer (PC) can be used to effectively organize, analyze,
and manage data. Record keeping is easy on a PC and
information from past years can be easily accessed.
Computer software including spreadsheets, databases,
geographic information systems (GIS), and other types of
application software are readily available and most are easy
to use.

Another technology that precision farmers use is the
global positioning system (GPS). GPS allows producers and
agricultural consultants to locate specific field positions

3 1. Precision Agriculture:

Precision Farming vs. Traditional Agriculture

Information, Technology and Decision Support

Information

Technology

Carbon reservoir Mass in tonnes of
carbon x 109

% of
total

Atmosphere 740.0 1.43
Land plants 550.0 1.06
Land animals 0.5 0.001
Marine plants (algae) 1.5 0.003
Marine animals 1.5 0.003
Dead organic matter
(in peat)soil and 1600.0 3.08

Coal 4500.0 8.67
Oil and gas 500.0 0.96
Dissolved in the oceans 38 000.0 73.2
Marine sediments 6000.0 11.6
Totals 51 893.5 100.007
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within a few feet of accuracy. As a result, numerous
observations and measurements can be taken at a specific
position. Global information systems (GIS) can be used to
create field maps based on GPS data to record and assess the
impact of farm management decisions. Data sensors used to
monitor soil properties, crop stress, growth conditions,
yields, or post harvest processing are either available or
under development. These sensors provide the precision
farmer with instant (real-time) information that can be used
to adjust or control operational inputs.

Precision farming uses three general technologies or
sets of tools: crop, soil, and positioning sensors - these
include both remote and vehicle-mounted, "on-the-go"
sensors that detect soil texture, soil moisture levels, crop
stress, and disease and weed infestations;

 these are used to guide field equipment
and can vary the rate, mix, and location of water, seeds,
nutrients, or chemical applications;

 these include GIS maps and
databases that use sensor information to "prescribe" specific
machine controls.

Decision support combines traditional management
skills with precision farming tools to help precision farmers
make the best management choices or "prescriptions" for
their crop production system Unfortunately, decision
support has many times been either unreliable or difficult to
understand. Building databases based on the relationships
between input and potential yields, refining analytical tools,
and increasing agronomic knowledge at the local level are
yet to be accomplished. Most agricultural researchers agree
that decision support remains the least developed area of PF.
Diagnostic and database development will eventually
replace technologies as the real benefit of PF.

GIS is a computer-based information management
technology used by people for handling spatial/geographic
data or geographically-referenced data.

There are four basic components of a GIS - i.e., people
managing data by formulating tasks using software running
on hardware.

With these basic components, GIS can be used to
perform the following functions:

Data handling (i.e. capturing, organizing, storing)
Data manipulation (i.e. processing, analyzing)
Data output (i.e. displaying)

GIS as an information management tool can be used
over a spectrum of developmental stages from the most basic
to the most sophisticated. GIS techniques can be applied to a
wide variety of problem-solving situations in practically any
field of human endeavor where maps or geographical
information are used.

Three basic types of GIS applications that represent the
stages of development (with increasing sophistication) in the
use of GIS technology are

1 Inventory applications,
2 Analysis applications, and
3 Management applications.

At its most basic level, GIS is used as an information
management tool - a method of integrating spatial data (e.g.,
maps and satellite images) and textual/tabular data (e.g.,
census, soils, and climate) within a single, retrievable data
base. At the advanced level, GIS can be used as a tool for
modeling and testing hypotheses, such as on land/resource
use scenarios, ecosystem change and evaluation of
technology suitability.

Often the first step in developing a GIS application is
making an inventory of the subjects you want to study for a
given geographic area, e.g. soils, land cover/land use, human
settlements, infrastructure, etc. These subjects are
represented in the GIS as layers or themes of data. At this
basic level, the GIS is used as an information handling tool --
- a method of integrating spatial data ( e.g., maps and satellite
images) and textual/tabular data ( e.g., census, soils, and
climate) within a data base whereby the component layers
may be retrieved, displayed, printed out and updated.

Once the GIS data base is set up, you would usually
want to get value-added information from the data. This can
range from carrying out simple to complex queries involving
multiple data layers to more complex analysis on the data
layers. Most GIS have a variety of spatial analysis tools to
manipulate map layers and their associated data.

More advanced spatial analysis and modeling
techniques are needed to address real world problems. At
this stage of application, GIS, on its own or linked with other
tools, may be used to help managers and policy makers in
making decisions based on a rational use of a sound
knowledge base.

Machine controls -

Computer-based systems -

1. GIS and GPS:

Components of GIS

Functions of GIS

GIS Applications

Inventory Applications

Analysis Applications

Management Applications

l

l

l
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What you can do with a GIS?

Identifying Features

Performing Geographical Analyses

You can analyze data to obtain.

Concept of Map Overlays

The nature and representation of geographic data
The nature of geographic data

Representation of geographic objects in computerised GIS

With a GIS, you can ask questions about the data sets
created. There are two main kinds of questions that the GIS
can answer:

You specify the object/feature for which you want
information by

pointing at an object or region of a displayed map
typing the identifier for the object you select
typing in a geographical coordinate location after
specifying the object/feature or location, you can obtain
a list of all of its characteristics some of its
characteristics
locating by specifying conditions - where are the
objects/features which satisfy a particular set of
conditions?

You can specify one condition or a set of conditions by
stringing them up in logical expressions.

answers to a particular question
solutions to a particular problem

GIS can carry out many different types of spatial
operations on the data stored in the GIS data base, or on data
from other software which are linked to the GIS data sets.

Spatial operations may be applied to.

existing map(s)
attribute data associated with existing map(s)

The result of spatial operations may be.

new map(s)
tabular data
graphics, e.g. line graphs, bar charts, etc..

When spatial operations are performed on two or more
map layers, we refer to the operations as map overlays.
Spatial operations performed on multiple map layers may be
thought of as map algebra. The map algebra concept is an
extension of the algebra operation on numbers.

Instead of operating on single numbers, the spatial
operator acts on whole map layers. In the raster mode, the
operator acts on the geographically equivalent cells of the
map layers.

By stringing together various spatial operations, the
GIS can be used to solve complex problems using
geographically-referenced data.

The world is infinitely complex and full of variation; the
closer one looks, the more detail is seen, ad infinitum. It
would therefore take an infinitely large data base to represent
the real world accurately. Therefore data must somehow be
reduced to a finite and manageable quantity by abstraction
and generalization. Real-world entities must be represented
by discrete objects with associated attributes and
geographical data must give information about

a.    position
b.    attribut
c.    possible topological relationships

Spatial objects representing real-world entities with
finite area. The real-world entities which are represented as
areas also depend on the scale of the map ( e.g., on a large
scale map, streams are represented by areas, although slim,
elongated areas while on a small scale map, streams are
represented by lines). Boundaries may be natural or man-
made.

In computerized GIS, map information that we
normally see in paper maps would need to be converted to
digital form.

I. Querying - what exists at a particular location?

l

l

l

l

l

l

l

l

l

l

l

Vector mode Raster mode
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Analog Representation

Digital Representation

Vector Data Structure
The Data Model

Raster Data Structure
The Data Model

Global Positioning System [GPS]

Definition

Parts of a Global Positioning System

User Segment

This is more familiar to ordinary users of maps. Points,
lines, and areas are drawn with a certain amount of locational
accuracy on a 2-D surface like a piece of paper, and
referenced to locations on the earth's surface by using some
standard system of coordinates, e.g. national grid, or an
internationally-accepted map projection. Objects drawn on
the map may be stylized and symbolized or color-coded,
attributes may also be directly labeled onto objects or is
shown in a legend. Topological relationships are inferred
visually by the map reader. A map sheet can contain

a. single entity type or theme, i.e., thematic map, such as
soil map

b. several entity types e.g., topographic maps have
contours, rivers, cultural features such as towns,
bridges, etc.

A map, in the paper form that we are familiar with,
cannot exist in the computer. While the human eye (and
brain) is adept at recognizing shapes and inferring spatial
relationships among objects, the computer needs to be
instructed specifically how spatial patterns should be
recorded, handled and displayed. The locational, attribute,
and topological information inherent in spatial data must be
represented or encoded into the spatial data base. The
manner in which the information is represented is defined by
the spatial data base model, there are two main kinds of
spatial data models, i.e., raster and vector models. In simple
terms,

a. A raster model tells what occurs everywhere, at each
place/cell in the entire study area.

b. A vector model tells where everything occurs, i.e., by
giving a location to  every object which one intends to
map

Whichever the model, spatial data for a study area are
organized into a set of layers (coverages or themes) each
layer may represent a single entity type. However, it is not
usual for distinctly different entity types to be combined in a
layer, such as is normally seen in an analog topographic
map. Generally, separation of the complex, realworld
features by layers makes spatial data more easily handled in
the GIS. The user cannot "see" the digital spatial data base
directly for it would not make much sense; in order to
convert the digital data to comprehensible display would
require certain software commands to retrieve data from the
data base and display them on some output device.

The objects of a map are defined by tracing its
boundaries or locations in relation to a geographic reference

frame. The fundamental primitive is a point, objects are
created by connecting points with straight lines or with
splines. The vector data file is therefore a list of points
making up arcs, arcs making up areas, with explicit
documentation of membership and topology and with
associated attribute usually kept in a separate file.

Raster model divides the entire study area into a regular
grid of cells arranged neatly in rows. Each cell contains a
single value; the value given to a cell depends on the type of
entity being encoded, and the type allowable by the GIS
software; it can be:

In the field of GIS, one cannot ignore the importance
and use of GPS technology as a tool for data input and data
reconnaissance. This is a relatively new and advance
technology but with increasing applications in the field of GIS.

A GPS, Global Positioning System, is composed of a
"constellation" (i.e., an organized group or system) of
orbiting satellites which, in conjunction with ground
equipment, enable users to determine their exact position
anywhere on the surface of the earth at any time. There are
two dozens of satellites in orbit.

At any time, with an unobstructed view of the horizon,
there should be at least four to six satellites "visible". There
is no charge for use of the satellite system, although each
user must supply their own equipment, generally in the form
of handheld receiver.

A global positioning system is composed of three
segments - the user segment, the space segment and the
control segment.

The user segment is the user and a GPS receiver. A GPS
receiver is a specialized radio receiver. It is designed to listen
to the radio signals being transmitted from the satellites and
calculate a position based on that information. GPS
receivers come in many different sizes, shapes, and price
ranges.

The features and costs of GPS receivers are generally
dependent on function that the receiver is intended for.
Receivers intended for marine and aviation use often have
the ability to interface with memory cards containing
navigation charts. Receivers intended for mapping are
capable of very good accuracy and have user interfaces that
allow rapid data collection.
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Space Segment

NAVSTAR

Control Segment

How Does the System Work?

Five Basic Steps

The space segment is composed of the GPS satellites
that are transmitting time and position to you, the user. The
whole set of satellites is called a" constellation "

The NAVSTAR constellation is composed of 24
satellites in six orbital planes. The satellites operate in
circular 20,200 km (10,900 nm) orbits at an inclination angle
of 55 degrees and with a 12-hour period. The spacing of
satellites in orbit is arranged so that a minimum of five
satellites will be in view to users worldwide, with a position
dilution of precision PDOP) of six or less. Each satellite
transmits on two L band frequencies, L 1 (1575.42 MHz)
and L2 (1227.6 MHz). Each satellite transmits on exactly the
same frequency; however, each satellites signal is doppler-
shifted by the time it reaches the user. L 1 carries a precise
(P) code and a coarse/acquisition (C/ A) code. L2 carries
only the P code. A navigation data message is superimposed
on these codes. The same navigation data message is carried
on both frequencies. The P code is normally encrypted so
that only the C/A code is available to civilian users; however,
some information can be derived from the P code. When
encrypted, the P code is known as y code. Each satellite has
two identifying numbers. First is the NA VST AR number
which identifies the specific satellite hardware. Second is the
space vehicle (sv) number. This number is assigned in order
of launch. The third is the psuedo-random noise code
number. This is a unique integer number which is used to
code the signal from that satellite. Some receivers identify
the satellites that they are listening to by SV, others by PRN.

The control segment is composed of all the ground-
based facilities that are used to monitor and control the
satellites. This segment is usually unseen by the user, but is a
vital part of the system. The NA VST AR control segment,
called the operational control system (OCS) consists of a
monitor stations, a master control station (MCS) and uplink
antennas.

The passive monitor stations are nothing more than
GPS receivers that track all satellites in view and thus
accumulate ranging data from the satellite signals. There are
five passive monitor stations, located at Colorado Springs,
Hawaii, Ascencion Island, Diego Garcia and Kwajalein. The
monitor stations send the raw data back to the MCS for
processing.

The MCS is located at Falcon Air Force Base, 12 miles
east of Colorado Springs, Colorado and is managed by the
U.S. Air Force's 2nd Space Operations Squadron (2nd
SOPS). The MCS receives data from the monitor stations in
real time 24 hours a day and uses that information to

determine if the satellites are experiencing clock or
ephemeris changes, and to detect equipment malfunctions.
New navigation and ephemeris information is calculated
from the monitored signals and uploaded to the satellites
once or twice per day. The information calculated by the
MCS, along with routine maintenance commands are
transmitted to the satellites by ground-based uplink
antennas. The ground antennas are located at Ascencion
Island, Diego Garcia and Kwajalein. The antenna facilities
transmit to the satellites via an S-band radio link.In addition
to its main function, the MCS maintains a 24 hour computer
bulletin board system with the latest system news and status.
The civilian contact for this is the United States Coast
Guard's (USCG) Navigation Center (NAVCEN).

Basically, GPS uses relatively straight forward
principles of geometry and trigonometry.

Each satellite continuously transmits orbital data for the
entire constellation of satellites in addition to timing data
and other information. Thus, each GPS receiver has
continuous access to precise orbital data from which the
location of all satellites can be calculated by the
microprocessor contained in all GPS receivers. Since the
signal or the radio waves travel at a constant speed, the GPS
receiver can calculate the relative distance from it to the
several satellites that it can hear by comparing the timing
data transmitted by the satellites. Most GPS receiver can
measure its position (latitude/longitude) when it can fix at
least three satellites and will provide the elevation/altitude
with a minimum of four satellites.

Exact coordinates can be calculated for any position on
earth by measuring the distance from a group of satellites to
the position. The satellites act as precise reference points.
Assuming the distance from one satellite is known, the
position can be narrowed down to the surface of the sphere
surrounding that satellite.

The distance from a single satellite is established by
measuring the travel time of radio signals from the satellites
to the receiver. To measure the travel time of radio signals the
receiver needs to know when the signal left the satellite.

The calculations depend on highly accurate clocks. The
code has to be generated on both the receiver and the satellite

1.  Satellite trilateration - the basis of the system

2. Satellite ranging- measuring distance from a
satellite

3. Accurate timing- why consistent clocks and a fourth
space vehicle (SV) are needed
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at exactly the same time. Satellites have atomic clocks that
are accurate to a nanosecond, but these are too expensive to
put in every ground receiver. Receivers use a measurement
from a fourth satellite to remove any clock errors.This
measurement can be used to remove errors that occur if the
satellite and receiver clocks are not perfectly synchronized.

There are 24 operational NA VST AR satellites orbiting
the earth every twelve hours at an altitude at about 12,600
nautical miles (20,200 km). Four SVs orbit in each of six
different planes inclined 55 degrees to the equator. The
satellites are so high there is little atmospheric drag and their
orbit is very stable. The satellites are constantly monitored
by the Department of Defense (DoD). Each satellite contains
several high-precision atomic clocks and constantly
transmits radio signals using its own unique identifying
code. The DoD has four ground-based monitor stations,
three upload stations, and a master control station.

The monitor stations track the satellites continuously
and provide data to the master control station. The master
control station calculates satellite paths and clock correction
coefficients and forwards them to an upload station. The
upload stations transmit the data to each satellite at least
once a day.

Some sources of error in GPS are difficult to eliminate.
The calculations assume the GPS signal travels at a constant
speed, the speed of light. Unfortunately the speed of light is
constant only in a vacuum. Once the GPS signal enters the
ionosphere (a band of charged particles 80 to 120 miles
above the earth's surface) and the troposphere (our weather)
the signal slows down, resulting in incorrect distance
calculations. Trimble GPS receivers do some corrections for
these delays.

Atomic clock and satellite orbit errors can occur, but are
usually very minor and are adjusted by the DoD from the
monitor stations.

Multipath interference can introduce error in a GPS
position. This occurs when a signal is reflected off other

objects at or near the earth's surface. The reflected signal
interferes with straight line signal. Advanced signal
processing and well-designed antennas help minimize this.

Another significant source of error is Selective
Availability (SI A). Selective Availability is an artificial
degradation of the satellite signal by the Department of
Defense. It causes errors in a GPS position of up to lOO
meters. SI A can be removed using a technique called
differential correction.

The theoretical inherent accuracy of GPS is within
about ten meters (a little less than 30 feet). However, for
perceived national security reasons, the United State
Department Defense, which owns the GPS Satellite System,
usually limits the accuracy obtainable by civilian users. The
actual specifications are that the performance will be within
100 meters (about 300 feet). The real world reality is that the
latitude longitude position information displayed by GPS
receivers will be generally be within 120 to 180 feet.

In the context of climate change adaptation, a
vulnerability assessment (VA) is a study that identifies
current and plausible future impacts of climate change, the
sensitivities of people and ecosystems to the impacts, and
the existing capacities that can support adjustment to
impacts (called "adaptive capacity"). The VA may include
several methods to assess exposure, sensitivity, and adaptive
capacity, such as analysis of historic and modeled climate
data, livelihood surveys, crop models, and ecosystem
studies, which are used to develop recommendations to
provide planners a guide to addressing vulnerability to
climate change. Although natural and social scientists often
conduct the VA, its process requires consultations with a
wide range of stakeholders, such as community groups and
policy makers, so that the design and implementation of the
assessment incorporates local knowledge about climate
change adaptation. VAs ultimately help such stakeholders
understand vulnerability to climate change and evaluate
options that may minimize negative impacts and increase
resilience.

4. Satellite positioning- knowing where a satellite is in
space

5. Correcting errors- correcting for ionospheric and
tropospheric delays

How accurate is GPS?

What is a vulnerability assessment?
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Soil health or soil quality refers to capacity of the soils to
enhance and sustain productivity of crops and livestock. Soil
health is fundamental to maintaining ecosystem services
such as

Food and biomass production,
Biological habitat and gene pool
Environmental interactions (eg. nutrient cycles,
transformations, flood control, filtering and pollution
control),
Regulation of eco-processes (e.g. detoxification, spread
and vitality of pathogens and natural enemies -disease
control, and climate change), and
Serve as platform for manmade structures and cultural
heritage.

Soil health is a much sought after goal of global
agriculture because it is linked to increased food production
without compromising the quality of environment and of
natural resource base. Due to deteriorations in soil quality
(declining water tables, secondary salinization, emergence
of multi nutrient deficiencies etc.), Rice-Wheat system (area
>10Mha) which have been the backbone of Indian food
security, has become unsustainable. Therefore, enhancing
and production, and sustaining environmental quality and
soil health are of crucial importance.

CA is defined as a process of 'sustainable intensification
of agriculture' for enhancing and sustaining production at
lesser costs, without deteriorating soil health and flow of
environmental services. Frameworks such as Conservation
Agriculture, 'Ecological Intensification (Cassman 1999)'
and 'Ever Green Revolution' (Swaminathan, 2000) share a
view of cropping systems as agro-ecosystem designed to
make maximum use of fixed resources ( land, light and
temperature etc.) along with  optimum use of agri-inputs for
attaining sustainable production levels. Increasingly,
Conservation Agriculture (CA) is being considered as "an
important component of the overall strategy for ensuring
food security, poverty alleviation, health for all, rural
development,  enhancing productivity,  improve
environmental quality and preserve natural resources".

  CA
taps traditional knowledge of the farmers and add new
information relevant to the specific agro ecologies for the

intensification process.

The basic tenets of conservation agriculture (CA)
include (i) drastic reduction in tillage, (ii) adequate retention
of crop residues on the soil surface, (iii) use of economically
feasible and diversified crop rotations, and avoid as much
freewheeling as is possible. These elements of CA are not

 but represent unvarying objectives that are
iteratively fine-tuned to extend CA technologies, efficiently
across production systems. The impact of the interventions /
technologies can be maximized by layering of more than one
technology, one above the other, in the crop production
chain. CA systems (zero-tillage) are  in nature and
'flexible' in operation allowing farmers to benefit from them
under diverse situations. Conservation agriculture based
resource conserving technologies is an 'open' approach,
easier to mainstream and be adapted even in conventional
agriculture systems.

With limited scope for further expansion of agriculture,
large crop yield gaps and declining factor productivity,
quantum jump in production are not easy but can be achieved
through agriculture intensification accomplished through (i)
increasing yields per hectare (eg. timely planting and
efficient use of inputs (water, agrochemicals, fertilizer
nutrients), (ii) increasing cropping intensity (e.g. use of short
duration cultivars, relay and mixed cropping, and  growing
an additional crop), and (iii) changing land use from low
value crop / commodities to those that receive higher market
prices. It is now widely recognized that yield gaps in cereal
crops result from agronomic failings, and that future yield
increases depend heavily on this science Many variants of
conservation agriculture have been adopted by farmers in
tropics/subtropical and temperate regions of the world for
improved yields in irrigated and rainfed cereals systems in
plains and hillside sloping lands. CA has steadily increased
worldwide to cover about 7% of the world arable land area
(Deseperk and Friedrich, 2009).

In India, CA was developed to meet challenges of the
intensely irrigated rice-wheat system of the Indo-Gangetic
plains in 2000s. CA is now gradually spreading to many

l

l

l

l

l

CA is
still co-evolving with agents for change (the farmers).

Hence, we have many more miles to
cover for attaining enhanced and sustainable yield levels in
the 'Tree-Crop-livestock' agro-ecosystems developed on CA
platforms in watershed approaches to make gray areas -
greener.

'site specific'

'divisible'
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irrigated and rainfed areas outside IGP. No-till agriculture
together with other associated management practices such
as direct seeding in precisely leveled fields, skip furrow
irrigation in raised bed planting system, relay planting,
residue management to provide soil cover, conserve
moisture and moderate soil temperatures, judicious choice
of crop rotations and agro-forestry tree species are
revolutionary steps in the direction of preventing land
degradation and rehabilitation of the fragile lands.

Adoption and spread of ZT wheat has been a success
story due to

reduction production in cost of production: by Rs 1500
to 2000 ha-1 (Malik et al. 2003;
enhances water & nutrient use efficiency and crop
yields by 4-10% (Gathala et al. 2011; Saharawat et al.
2012); enhances resource efficiency through residue
decomposition, soil structural improvement, increased
recycling and availability of plant nutrients (Jat et al.,
2012);
enhance soil quality- soil physical, chemical and
biological conditions (Gathala et al. 2012);
enhance C sequestration & build-up in SOM in long
term (Saharawat et al. 2012);
reduce incidence of resistant weeds (e.g. Phalaris minor
in wheat (Malik et al.1998)
Facilitates early planting of winter crops in residual soil
moisture (Mehla et al. 2000, Hobbs 1998);
Save precious irrigation water by 10-30 percent
Reduce GHG  gas emissions & improve environmental
sustainability (Pathak et al. 2011);
Surface residues as mulch control weeds, moderate soil

temperature, reduce evaporation, and improve soil
biological activity (Gathala et al. 2011).
Helps prevent residue burning (Sidhu et al. 2011), loss
of nutrient and environmental pollution (Prabhat Gupta
et al. 2004), reduce soil compaction (Sidhu et al 2010),
improve soil health and reduce nematode population
(Duxbury et al. 2005: Abrol et al. 2005).
Facilitates sustainable intensification and diversification
in "rice-fallows" and 'Rabi-Fallows' lands and in cotton-,
sugarcane-, rice-, maize- and wheat-based systems etc..

Human resource development in state agricultural
universities ( e.g. no course curriculum in SAUs )
Lack of focused and useful mechanization appropriate
for CA (e.g. seeders/ planters, straw spreaders in
combine, narrow wheels and high clearance tractors,
non-availability of quality steel for double disk openers,
standardization and interchangeability of machine parts
etc.)
Policy and Technology fatigues (e.g. counter-
productive subsidy support for implements such as
Rotavators and zero till planters and no support for
turbo happy seeders etc. new herbicide/ pesticide
molecules not introduced in market place, appropriate
cultivars suited for early planting of wheat crop to
escape terminal heat stress, non-availability of Round-
up ready soybean and maize or Clearfield rice cultivars
etc.
TV / radio / IT used primarily for entertainment rather
than build a science based society
Poor quality planters pushed into market place by un-
scrupulous manufacturers.

Impact of Conservation Agriculture in Indian sub-
Continent Issues Limiting Spread of Conservation Agriculture to

More Areas
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Abstract

Introduction

Soil is a finite but highly fragile natural resource. Per
capita land and water availability for agriculture is gradually
declining due to rapid urbanization, industrialization and
increase in population in India. Now days, "Use Less
Produce More" concept lays greater emphasis on use of
microorganisms as significant component for enhanced
productivity on sustainable basis.

Soil is a repository of diverse macro and
microorganisms, Microbial community and species
diversity in soil play significant roles in important eco-
systems functions and processes, such as nutrient cycling.
The inclusion of pulses in cropping systems and other
practices such as residues recycling, crop diversification etc.
influences microbial growth and activity in soil. Growth
promotion potential of pulses on succeeding cereals has
been widely noticed. Changes in soil microbial diversity and
population due to  land use and crop management practices
have been shown to influence on input use efficiency and soil
productivity. Therefore, inclusion of pulses in crop
rotations, adoption of resource conservation technologies
and use of microorganisms responsible for enhanced
biological nitrogen fixation and improved uptake efficiency
of nutrients have been reported to increase grain yields and
improve soil quality for sustaining  higher yields of crops.
The present paper reviews the recent developments in our
understanding about the role of microorganisms and their
management for improving nutrients availability and their
use efficiency.

Microorganisms inhabiting soils play significant role in
various ecological functions and processes such as carbon
transformations, nutrients cycling, improvements in soil
physical structure and suppression of pathogens, essentially
required to support plant growth and higher productivity of
crops. Role and significance of microbial resources in
present day agriculture as eco-friendly input is widely
acknowledged for sustaining high productivity gains on long
term basis in an era of declining availability of renewable
resources and changes in climate. Per capita land and water
availability is constantly decreasing over the last two
decades and projected to be a serious challenge for

agriculture due to rapid urbanization and industrialization in
India. Soil and crop management practices are being
constantly evolved to increase productivity levels with
reduced consumption of energy and water. Alterations in
crop management practices significantly influence structure
and species composition of soil microbial community. These
changes in native soil microbial community, though not yet
understood properly, have been observed to play significant
role for disease suppression (Mary and Nelson, 2003),
inputs use efficiency, and soil quality and factor productivity
(Marcel et al., 2013 and Matson et al., 1997). For example,
excessive tillage intensity under intensive agriculture,
monocropping  and  imbalance use of nutrients as chemical
fertilizers alone  are known to adversely affect several eco-
system functioning in soil including biological nitrogen
fixation (BNF) process and functioning of  vesicular
arbuscular (VA) mycorrhizal association, known to provide
nutrients  in pulses (Heijden et al., 2008 and Long Li. et al.,
2007). Therefore, soil microbial resources, both native and
introduced efficient strains of exotic microorganisms; for
enhanced ecological functioning such as biological nitrogen
fixation, nutrients cycling and suppression of plant diseases
have always been considered as an appropriate low cost and
environmental friendly inputs or option(s) for sustaining
high productivity levels.

Agricultural practices, being evolved under the new
concept of "Use less Produce more" lay greater emphasis on
improving soil quality and microbial mediated eco-system
functioning.  Among these, crop rotations involving pulses,
resource conservation technologies such as reduced or no
tillage, residues recycling etc. have been reported to
economize fertilizer use, improve water productivity, gains
in soil organic carbon, and improved soil physical structure
leading to cumulative advantages of 25 to 50% increase in
crop yields (Parviz et al., 2012).  All these practices directly
influence on growth and activity of native soil microflora.
Therefore, microbial mediated biological processes
operating in plant rhizosphere as well as microbial
endophytes in plant tissues are some of the new research
areas actively worked upon for deriving maximum benefits
even under conditions of biotic and abiotic stresses (Gil et
al., 2009 and Shen et al., 2013). The benefits of inoculation
with efficient strains of Rhizobium spp., Pseudomonas spp.
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Bacillus cereus, and other agriculturally important
microorganisms have been extensively researched and
reviewed in recent published papers (Alan et al., 2011). The
scope of present paper, however, is restricted to focus on the
significance of managing native soils microbial resources
for improving eco-system services such as BNF and other
microbial processes for enhanced availability of nutrients in
soil for attaining higher yields of crops on long term
sustainable basis.

Pulses are cultivated on marginal lands having poor
quality soils under rain fed agriculture. Presently average
productivity of pulses is less than one tone per hectare.
Large gaps in pulses grains yields obtained at farmer's fields
as compared to the demonstration trials conducted using full
technology packages have been widely noticed (Table-1).

Research and development efforts are underway to
bridge this gap through introduction of new improved
varieties of pulses in large areas. Development and adoption
of improved high yielding and diseases resistance varieties
of pulses like chickpea, pigeonpea, and lentil and mungbean
etc. in large areas have indeed helped in increasing both
average productivity and total pulse production from 13-15
million tonnes during 1999-2009 to about 19.0 million
tonnes in 2012-13 from almost similar area.  Potential yield
advantages of newly released varieties are however achieved
only with adequate supply of recommended plant nutrients
and inoculation with appropriate Rhizobium cultures.
Attaining higher grain yields on sustainable basis at farmer's
fields having poor quality soils of dry land areas in an era of
changing climate and ever increasing costs of fertilizers and
water for irrigation is a major challenge for achieving
targeted pulse production of 32 million tonnes by 2030 with
average annual growth rate of 4.2%.

Soils of pulse growing areas are deficient in plant in
nutrients, especially P and some micronutrients. Application
of phosphatic fertilizers @ 40-60 kg/ha is therefore,
recommended for realizing the yield advantage of improved
varieties. Most of pulse growing farmers do not have access
to the costly phosphatic fertilizers and other inputs
essentially required for higher productivity. Therefore,
phosphorus and other nutrients deficiencies are some of the

foremost yield limiting factors responsible for low grain
yield.  Utilization of microbial resources to increase plant
nutrients availability either from soil reserves or renewable
resources such as agro-industrial by-products and low
quality phosphate rocks, therefore, have greater role in
moderating the adverse effect of P deficiency on grain yield
of pulses (Alan et al., 2011). Improvements in functionality
of externally applied and/or native microbial resources
through soil and crop management practices have been not
explored adequately for increasing nutrients supply
especially P from poor quality soils of pulse growing areas.

Among all the crops, pulses derive maximum benefits
from symbiotic associations with both bacteria and fungi.
Atmospheric nitrogen fixation in symbiotic association with
Rhizobium spp. and efficient utilization of soil phosphorus
reserves through vesicular arbuscular mycorrhizal
association are some of the unique traits in pulses that help
them to grow even on soils deficient in plant nutrients under
conditions of limiting soil moisture. Economic advantages
of these associations in agriculture are often not obscured
due to ubiquitous nature of benefits derived by crops during
the course of evolution.

Global terrestrial inputs of BNF-N, both symbiotic as
well as non-symbiotic contribution has been estimated to
range from 133 to 170 Tg (million tonnes) annually, with
symbiotic N fixation associated in agricultural system
accounting for 35- 44 Tg N and another 45 Tg N coming
from permanent pasture land (Burns and Hardy, 1975).
Recently it is estimated that 21.45 Tg N/year is the global
inputs for BNF-N in different pulses and oil seeds legumes
(Herridge et al., 2008). Total global N inputs through
biological nitrogen fixation in all crops including rice-azolla
association, sugarcane, associative N-fixation in different
crops etc. have been estimated to range 50-70Tg N annually.
Information on economical advantage of VA mycorrhizal
association in plant is however lacking.

In India, pulses are cultivated on 23 million hectare of
land area with production of 19 million tonnes in 2012-13.
Protein contents in pulses range between 20 to 24 per cent
depending upon crop, varieties, and climate. Average
protein content in pulses grain is 22% which is equivalent to
30-35 kg N per ton of grain. Nitrogen harvest index in pulses
is around 70% with BNF contribution in total grain nitrogen
ranging between 60-70% (Beck et al., 1991 and Khan et al.,
2002). Remaining 30-40 per cent of grain N is derived from
soils and other sources like fertilizer and rains etc.
Considering the significance of BNF contribution in pulses,
it is estimated that about 4.0 million tonnes of grain nitrogen
is contributed through BNF process in Indian agriculture.
This estimate, however, do not include BNF-N contributed

Why Pulses productivity is low?

Economic advantages of Pulse-Microbes associations

Table- 1 : Critical yield gaps in pulse crops (q ha )-1

Crop Yield Potential Yield in FLDs National
at Research Farm  at Farmers Field Average

Chickpea 20-22 15-18 9.66
Pigeon Pea 20-25 20-22 7.55
Mungbean 11-12 9-10 3.81
Urdbean 10-12 8-9 4.4
Lentil 15-18 12-14 7.32

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

24JNKVV, Jabalpur (M.P.)



in crop residues and below ground nitrogen in the form of
roots and nodules. In addition, indirect benefits of pulses for
N fertilizer economy in the succeeding crops as well as
improvements in soil N and other plant nutrients are
excluded in the estimation of 4.0 million tonnes of N, which
is equivalent to about 8.55 million tonnes of urea amounting
to R. 46,170 million ( Urea cost @ R 5400 per ton). A ten per
cent increase in pulse production through use of microbial
resources would further economize N fertilizer in Indian
agriculture with far reaching benefits in terms of soil quality
improvements and economic gains.

Technology based on microbial resources is being
evolved for maximizing the economic gains in terms of
increased productivity of crops with reduced dependence on
agro-chemicals even under conditions of biotic and abiotic
stresses in pulses (Alan et al., 2011). Seed inoculation with
elite strains of selected microorganisms for various traits
like increased efficiency of nitrogen fixation,
phytohormones production, solubilization of P and other
nutrients, ACC deaminase producing bacteria for abiotic
stresses, antibiotic producing bacteria for diseases
suppression etc. have been attempted with great promise of
improving pulses productivity. These beneficial effects have
been demonstrated both under experimental as well as
demonstrated at farmers' fields. In chickpea, lentil, field pea
etc. inoculation with biofertilizers showed grain yield
enhancement ranging from 20-50% as compared to the
farmers practice. Aslam et al., (2010) reported that band
placement of fertilizers along with seed inoculation resulted
in improvement in seed yield and protein content. In
chickpea, protein yield per unit of area increased by 49%
over un-inoculated control with broadcasting of fertilizer
(Fig.1). For the last three decades, globally this technology
is successfully marketed and accepted by farmers as an eco-
friendly technology based on renewable resources and
termed as "Biofertilizers Technology". More than two
dozens of microbial species belonging to different genera of
bacteria and fungi have been identified and commercially
exploited as potential bio-inoculants to improve nitrogen
fixation, P-use efficiency and increase productivity of
pulses. Among all the microbial resources, few namely
Rhizobium spp., P-solubilizing bacteria (PSB) and Plant
Growth promoting Rhizobacteria (PGPR) belonging to
genera Pseudomonas, Bacillus, Penibacillus, Trichoderma
etc. have been found highly successful as commercially
viable technology for pulse production. Biofertilizers
formulations and delivery mechanisms have however
received relatively little attention (David et al., 2014).
Nevertheless, biofertilizers delivery and its establishment at
the site of their functioning continued to be a challenge for

the success of this technology. Some innovative product
development strategies with efficient marketing networks
for biofertilizers distribution among the farmers are needed
urgently for increasing utilization of biofertilizers on large
scale as one of the important resource.

Inoculation with elite strains of microbial resources is
not the only possible way to maximize the gains from
microbe mediated processes for enhanced productivity.
There are other possibilities as well and equally effective in
managing native soil microflora for increasing gains from
plant-microbes interactions. Soil and crop management
practices influences native soil microbial community
structure and their potential beneficial effects on several
ecosystems functions like mineral nutrition and disease
suppression. Development of new methodologies based on
DNA technology and metagenomics have made it possible
to study changes in native soil microflora due to crops
diversification (Drinkwater et al., 2011), residues recycling,
tillage intensity (Drinkwater et al., 2011 and Gil et al., 2009)
and agrochemical application etc. Based on the information
gained in the recent studies on changes in soil microbial
community diversity and composition due to different
management options, greater efforts are being made to
synthesize new agricultural practices for maximizing
benefits from microorganisms mediated soil ecosystem
functions rather than working on the principal of "Green
Revolution Technology" (Parviz et al., 2012).

Soil microorganisms inhabiting soils are important
resource but organic carbon availability determine their
growth and activity. Regular addition of compost or farm
yard manure or crop residues in to the soil therefore, helps in
buildup of the population of microbial community that play
important role in nutrients transformations, improvement in
soil physical properties and increased availability of plant
nutrients as well as beneficial microorganisms that suppress

Practical approach for improving Pulse-Microbe
associations

Management of native microorganisms for higher
productivity of crops

(Source: Aslam, et. al.  2010)

Fig. 1: Effect of method of fertilize application and
inoculation on protein yield in chickpea
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plant pathogen and reduces losses due to diseases. Besides
addition of organic matter from external sources like FYM,
compost, and other agro-based industrial by-products; crop
diversity also adds organic residue of diverse nature and
composition influencing the microbial species richness and
community structure. The role of tillage and crop rotation(s)
on soil microbial resources are briefly discussed.

Agriculture intensification increases intensity of tillage
operations for seed bed preparations, weed control and
development of proper soil tilth for seed germination. These
practices also influence significantly on soil microbial
biomass and microbial mediated ecosystem functioning
[(Doran, (1980) and Kladivko, (2001)]. Extensive soil
disturbances and aeration accelerates decomposition rates of
organic matter by providing greater access of food materials
for consumption by soil  organisms including
microorganisms.  Microbial population size and community
structure are therefore altered with the increase in tillage
intensity. Mixing crop residues into soil favors the
development of bacterial growth compared to fungi and
significantly alters the pathway of residues decomposition.
Under reduced or conservation tillage, proportion of organic
carbon in microbial biomass is higher compared to normal
tillage (Table- 2).

Resource conservation technology such as no tillage
(NT) or conservation tillage along with recycling of crop
residues has been reported to increase crop yields and
improve soil quality. Higher nutrient uptake in maize and
wheat plants under no tillage compared to the conventional
tillage (CT) was observed primarily due to combined effects
of colonization of their roots by mycorrhizal and non-
mycorrhizal fungi and not related to the changes in the soil
physical and chemical properties of soil (Mozafar et al.,
2000). Higher per cent colonization of roots by VA
mycorrhizal fungi and improved P nutrition and biological
nitrogen fixation in soybean, and other legumes have also
been reported under no tillage as compared to the
conventional tillage operations (Table 3). It is suggested that

reduced tillage, by keeping the hyphal networks in soil
intact, increases mycorrhizal activity in soil and thus
nutrient uptake by plants is increased.  Crops grown in fields
under no-tillage showed increased nutrient uptake due to
early colonization of plant roots by mycorrhizal fungi
(Ferreiraa et al., 2000).  Beneficial microorganisms, such as
Rhizobium, VA mycorrhizal fungi and other group of
bacterial population size and diversity have also been
reported to be higher under no-till compared to tilled soils.
More studies under field and controlled conditions are
needed to increase our understanding of changes in
microbial mediated processes under no till as compared to
the tilled soil.

Advantages of inclusion of legumes in different
cropping sequences for both lowland and upland systems are
well known to the farmers and extensively researched
(Ahlawat et al., 1998). Crops following legumes require
relatively less plant nutrients especially N than does a crop
following a cereals or fallow. In general, N-economy of
about 50-70 kg N/ha has been observed along with
improvements in soil organic carbon, availability of other
nutrients like P, S etc., microbial biomass carbon and
improvement in soil physical structure (De et al., 1983 and
Wery et al., 1988). Incorporation of high quality organic
matter with narrow C: N ratio as above ground crop residues
along with addition of roots, nodules and rhizodeposition of
organic substances as exudates during crop growth greatly
influence upon nutrients cycling and input use efficiency
mediated by microorganisms. Sustainability index of the
cropping system involving legumes as one of the crop and
supplying the nutrients through application of manures and
fertilizers is usually much higher compared to the cropping
sequence having no-legume crop in the system. Soil analysis
after six years of cropping sequences involving cereal-cereal
and legumes-cereal, revealed the increase in population of
soil bacteria and fungi along with considerable
improvement in the soil enzymatic activity due to legumes in
the cropping sequence (Table - 4).

Tillage

Legumes in cropping sequences

Table- 2 :Effect of tillage practice on bacterial and fungal
biomass in soil

Table- 3 : Effect of soil disturbance on VA mycorrhizal
colonization of roots and N-fixation in soybean

(Source: Guggenberger et al. 1999)

(Source: Source: McGonigle and Miller 1993)

Management Microbial Biomass
(mg kg-1soil)

Total
Biomass
(mg kg-1

soil)

Ratio
Fungal/
BacteriaBacterial Fungal

Conventional
Tillage

89 20 109 0.23

No Tillage 127 51 178 0.40

Soil
disturbance

AM
coloniz
ation
(%)

Nodule
s /

plant

N-
uptake
(mg/pt.)

N-fixation

N dfa
(%)

N-fixed
(mg/pt.)

Disturbed 43±3.3 21±1.6 76±3.9 12±3.6 8±2.5

Undisturbed 85±2.1 25±2.4 89±3.3 32±3.3 28±3.0

Soil
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Table - 4 : Effect of legume in cropping systems on soil
microbial population and enzymatic activity after six
year of rotation

Table- 5 : Effect of Phosphorus fertilizer on grain yield of
Maize intercropped with faba bean and wheat under
field conditions

(Source: Biederbeck et al. 2005)

Number of studies has also reported similar results on
improvement in soil microbial biomass due to inclusion of
legumes in cropping sequences. Legumes in cropping
systems significantly increases the retention of carbon and
nitrogen in soil, which has important implications for global
carbon and nitrogen budget, sustained higher crop
production and environmental quality (Drinkwater et al.,
1998). Recent studies have observed changes in
composition and diversity of microbial species in soils under
legumes-cereals as compared to the cereal-cereal or fallow-
cereal rotations (Chao Yang et al., 2013). These changes in
microbial community composition due to legumes are
probably responsible for the observed enhanced use
efficiency of inputs as well as increase in grain yields of
crops, so called the "rotation effects". A diverse community
of microorganisms derived through addition of high quality
organic matter also suppresses growth and activity of
diseases producing microorganisms in soil and helps in
improvements in its quality & health (Jan et al., 2012).

Intercropping pulses with cereals is a common
agronomic practice among the resource poor farmers of the
semi arid zone. Maize and faba bean intercropping results in
greater P uptake (Table 5) from P deficient soils because of
rhizospheric acidification by faba bean (Long Li et al.,
2007). Increase in plant nutrients after harvest of pulse crop
is attributed to the acidification of rhizospheric soil. Root
rhizospheric soil pH has been reported to be 2 or 3 degree
lower compared to the bulk soil pH of 7 to 8. Organic acids
like malic acid, citric acid etc. have been observed in the
rhizospheric zones of pulses and these acids mobilize P-
fixed in the soil.  VA mycorrhizal association with roots of
chickpea and other legumes also play a significant role in the
P-nutrition. Phosphorus solubilizing microorganisms like
Bacillus spp., Pseudomonas spp. and others have also been
reported to improve P nutrition and plant growth through

acidification of rhizospheric soil of chickpea. Higher root
acid phosphatase activity along with alteration in root hairs
length and density are some of other important traits
observed in pulses with increased P-uptake from
phosphorus deficient soils. Intercropping of diverse crops
release root exudates of different nature both qualitatively
and quantitatively, influencing the structure, function and
composition of microbial community associated with roots
(Heijden et al., 2008). Microbial diversity in soil promotes
plant diversity and productivity. An inverse relationship
between soil microbial diversity and survival of the
pathogens in soil is explained by a decrease in the
competitive ability of the pathogens in species-rich vs.
species-poor bacterial communities. Therefore, soil
microbial diversity is a key factor that controls the extent to
which soil pathogens can survive and establish in soil and
also improve soil nutrients availability for higher crop
yields.

Soil is a finite but highly fragile natural resource with
multiple ecological functions, including production of food,
fiber and feed for the human and animal consumption. Soil
productivity under different agricultural systems, especially
intensive agriculture with large dependence on chemical
fertilizers and agrochemicals has been gradually declining.
Soil quality decline is associated with reduction in microbial
biomass as well as diversity of microbial community. Crop
diversification and other crop management practices greatly
influence on sustainability of high productivity.
Improvement in microbial mediated process through
inclusion of pulses in crop rotation and inoculation with elite
strains of beneficial microorganisms helps in improving
input use efficiency through increased diversity and
functioning of soil microbial population.  In future, fertilizer
use, especially phosphorus, in dry land areas by
economically weaker section of the farming community
shall be a major constrain for increasing productivity of dry
land crops including pulses. Therefore, management options
such as crop residues recycling, organic matter additions and
appropriate crop sequences along with conservation tillage

Intercropping of legumes with cereals

Conclusion

Source: Long Li. et al. (2007)

Crop
rotation

Microbial population Enzymatic activity

Bacteria
(* 106)

Fungi
(* 103)

Dehydrogenase

(mg TPF g-1

soil h-1)

Phosphatase
(mg PNP g-1

soil h-1)
Fallow-
Wheat 16.8 58 47.3 30.2

Wheat-
Wheat 27.5 66 63.7 42.3

Lentil –
Wheat 73.0 130 109.1 97.0

Fieldpea-
Wheat

63.0 142 89.0 90.0

Rate of
P O2 5

(kg/ha)

Maize grain yield
(kg/ha) %

increaseIntercropped with
faba bean

Intercropped
with wheat

0 12,457 9,256 35
37.5 12,828 9,165 40
75 12,322 9,883 25
150 12,095 12,426 -3
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practices along with use of biofertilizers technology shall
improve soil quality and empower native soil microbial
community to increase nutrient supply for supporting higher
grain yields even under conditions of limited use of chemical
fertilizers and other abiotic stresses.
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Despite significant growth in agriculture during the last five
decades, most of our important soil based production
systems are showing the signs of fatigue. The conservative
estimates showed that the demand for food grains would
increase from 257 million tonnes in 2012-13 to 355 m tonnes
in 2030. Contrary to increasing food demands, the factor
productivity and rate of response of crops to applied
fertilizers under intensive cropping systems are declining
year after year. The current status of nutrient use efficiency is
quite low in case of N (30-50%), P (15-20%), S (8-12%), Zn
(2-5%), Fe (1-2%) and Cu (1-2%) due to deterioration in
physical, chemical and biological health of soils. The major
reasons for soil health deterioration are: wide nutrient gap
between nutrient demand and supply, high nutrient turnover
in soil-plant system coupled with low and imbalanced
fertilizer use, emerging deficiencies of secondary and
micronutrients in soil, soil acidity, nutrient leaching in sandy
soils, nutrient fixation in red, lateritic and clayey soils,
impeded drainage in swell-shrink soils, soil salinization and
sodification, etc.

In India, a great body of literature exists in soil research
in regards to physical, chemical and biological properties of
soils. However, in most of these researches, the parameters
were studied in isolation with respect to their influence on
crop productivity irrespective of their roles in performing
various soil functions. Assessment of soil degradation has
been made and well documented in India.  But its
operational aspects linking to crop production and
upkeeping soil and environmental quality have hardly been
addressed. Database generation for key indicators of soil
quality, are therefore, essentially required for different soil
types, cropping systems, and management practices under
various agro-ecoregions of the country for quick assessment
of soil health with a view to identifying aggrading/degrading
production systems.

The simplest definition of soil quality as proposed by
Karlen et al. (1997) is "the capacity of soil to function".
Some other definitions also highlight the critical issue of soil
functions or soil services. For instance, Doran and Parkin

(1994) defined soil quality as "the capacity of soil to function
within ecosystem boundaries to sustain biological
productivity, maintain environmental quality, and promote
plant and animal health". Keeping in view the concept of
sustenance of soil services, Doran et al. (1996) defined soil
quality as "the continued capacity of soil to function as a
vital living system, within ecosystem and land-use
boundaries, to sustain biological productivity, maintain the
quality of air and water environments, and promote plant,
animal, and human health".

In general, soil quality and soil health are often used
interchangeably and are considered synonymous. Soil
health describes biological integrity of the soil community
the balance among organism within a soil and between soil
organism and their environment. Soil quality is a term that
more often is used to describe physical attributes of a soil.
Goswami and Rattan (1992) defined soil health, "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 latter. "Health"
is most often used to emphasize the linkage between soil and
human or animal health, and the idea that soil works as an
organism or system. The term "Quality" is used more as a
technical term. The term "soil quality" literally emphasizes
on three important aspects:

a) Focus on dynamic rather than inherent characteristics
of soil,

b) Soil fitness rather than just preventing degradation
c) Interactions among soil processes rather than soil

components.

The concept of soil quality is new and still evolving.
Assessment of soil quality and resilience is a new initiative
in India. However, recognition of the importance and role of
maintaining soil health and optimum soil environment for
sustained agricultural production is dated back to eighties
and nineties. Varying perceptions of soil quality have
emerged since the concept was suggested in the early 1990s.
Very recently, a comprehensive review of the concept of soil
quality vis-à-vis sustainability and its relevance in Indian
agriculture has been made and discussed critically
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(Goswami, 2005). Some of the issues and concerns raised by
the author pertaining to applicability of soil quality index
(SQI) values under real farm situations in terms of predicting
productivity and management options require utmost
attention in soil quality research.

Framework for evaluating soil quality has been
developed involving integration of physical, chemical and
biological functions with indicators that emerge at the
systems/process level. Indicators for soil quality assessment
have been identified for major soil types/eco-
regions/management practices in a few developed countries
with threshold values for a few systems. Several workers
have made efforts for identifying indicators for assessing
quality of soils within certain boundary conditions using
several statistical techniques of which use of principal
component analysis has been recognized as an important
tool.

Despite the importance of SQI in describing SQ
degradation or aggradations, there is no universally accepted
dataset selection, scoring, and SQ indexing method for field
conditions. Previous studies reported that different methods
of minimum dataset selection (MDS), scoring, and SQ
indexing have been applied but SQI results varied even for
the same conditions. The most widely reported MDS
methods of SQ indicators are expert opinion and statistical
tools (e.g., regression, principal component analysis
(PCA)). An expert can generate a list of appropriate SQ
indicators on the basis of ecosystem processes and functions
and other decision rules such as management goals for a site
associated with soil functions as well as other site-specific
factors, like region or crop sensitivity as selection criteria
(Andrews et al., 2004).

Soil quality evaluation is accomplished through the
following three key steps:

The selection of key or representative indicator
parameters which best describe the system under study, is
the first and the most critical step in soil quality study. The
soil quality or the capacity of soil to function should be
reflected by the indicator parameters, otherwise known as
soil quality indictors (SQIs). Selecting a group of such
indicators forms the minimum dataset for comparative or
dynamic assessment of soil quality. As proposed by Doran
and Parkin (1994), the selection of MDS should fulfill the
following criteria:

a) Integrate soil physical, chemical and /or biological
properties and processes

b) Should be applicable under diverse field conditions
c) Complement either the existing database or easily

measurable data
d) Respond to land use, management, climate and human

factors

The MDS selection is achieved by several methods, the
prominent among them are

Several MDS have been proposed on the basis of expert
opinion (EO), Till date, the EO method is most commonly
used for MDS selection. This requires expert knowledge
about the soil functions and the systems to be studied.
However, it suffers from disciplinary biases.

In a NAIP sub-project entitled "Assessment of Quality
and Resilience of Soils in Diverse Agro-ecosystems"
conducted at IISS, Bhopal implemented in 4 agro-ecological
sub-regions of the country, namely, AESR 4.1, 7.2, 10.1 and
15.1, the following key indicators were identified  by PCA
(Table 1)

Soil Quality Assessment Framework

Key steps in soil quality evaluation

Selection of Minimum dataset (MDS)
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Table-1: Summary table of the key soil indicators

Scoring or indicator transformation

Integration of scores into indices

The transformation of the datasets into scores (scoring
function) can be done using linear and nonlinear scoring
techniques. Linear scoring can be used and may be desirable
for indicators that change gradually along a continuum. In
the NAIP sub-project, each MDS indicator was transformed
using a linear scoring method (Andrews et al., 2002).
Indicators were arranged in order depending on whether a
higher value was considered ''good'' or ''bad'' in terms of soil
function. For 'more is better' indicators, each observation
was divided by the highest observed value such that the
highest observed value received a score of 1. For 'less is
better' indicators, the lowest observed value (in the
numerator) was divided by each observation (in the
denominator) such that the lowest observed value received a
score of 1.

In NAIP sub-project, the MDS variables for each
observation were weighted using the PCA results. Each PC

explained a certain amount (%) of the variation in the total
data set. This percentage, divided by the total percentage of
variation explained by all PCs with eigenvectors >1,
provided the weighted factor for variables chosen under a
given PC. The weighted MDS variables scores for each
observation were then summed up using the following
equation:

where, S is the score for the subscripted variable and Wi is
the weighing factor derived from the PCA. Here the
assumption is that higher index scores meant better soil
quality or greater performance of soil function. Further, the
percent contribution of each final key indicator was also
calculated. The SQI values so obtained (hereafter called
PCASQI) were tested for their level of significance at P =
0.05. Since weighing factor for each indicator is derived
from PCA carried out by the four centers, the numerical
value of "weightage" is different. Hence SQI value obtained

Name of the
AESR

Soil Types Cropping Systems Key Soil Indicators

AESR 4.1 Entisol Rice-Wheat SOC, Sand content and BD
Inceptisol Rice-Wheat SOC, available Zn, available Fe, available S, Clay+silt

content
AESR 7.2 Alfisol Monocropped with Paddy, Cotton,

Castor, Redgram, Maize etc.
Water retention at 0.3bar, ESP, Exch. Ca, Available Zn,
Mineralizable C,

Inceptisol Monocropped with Paddy, Cotton,
Castor, Redgram, Maize etc.

Water retention at 0.3 bar, ESP, Mineralizable C and N,
Available N, MWD

Vertisol Monocropped with Paddy, Cotton,
Castor, Redgram, Maize etc.

Water retention at 0.3bar, CEC, Mineralizable C and N,
Available Zn, Available N, MW D

AESR 10.1 Vertisol Soybean-Wheat TOC, Non -exchangeble K, Total Zn, Total Mn, BD,
available S, CaCO3 and Alkaline Phosphatase

AESR 15.1 Inceptisol Rice-Potato-Sesame (Harit Series) Cation exchange capacity, microbial biomass C,
dehydrogenase activity and available Zn

Rice-Potato-Sesame (Baligori
Series)

Organic C, aggregate stability, hydraulic conductivity and
dehydrogenase activity

Rice-Rice (Harit Series) Available zinc, bulk density, β-glucosidase activity and
urease activity

Rice-Rice (Baligori Series) Dehydrogenase activity, aggregate stability, total organic
carbon and pHw

Alfisol Rice-Potato-Sesame (Kataban
Series)

Mineralizable C, aggregate stability, microbial biomass C,
alkaline phosphatase activity and geometric mean
diameter

Rice-Potato-Sesame (Bulanpur
Series)

Microbial biomass C, pHw and mineralizable N

Rice-Rice (Kataban Series) Exchangable Ca, microbial biomass C, total organic C, β-
glucosidase activity, acid phosphatase activity and total
nitrogen

Rice-Rice (Bulanpur Series) Organic C, aggregate stability, exchangeable Mg,
geometric mean diameter and urease activity

Rice-Wheat (Kataban Series) Cation exchange capacity and total water stable aggregates
Rice-Wheat (Bulanpur Series) Fluorescein diacetate hydrolysing activity, microbial

biomass C and TOC
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in one agro-ecosystem cannot be compared with the same
numerical value of SQI obtained in other agro-ecosystem.

The summary of the computation of SQI (PCASQI) of
different soils and cropping systems based on the identified
indicators in NAIP sub-project is presented in table 2. In
spite of uniform scoring of the identified indicators in 0-1
scale, the numerical values of SQI differed widely
depending on the soil type and cropping system (Table 2).
This could be attributed to the variation in number of PCA
derived indicators and different numerical value of the
weightage factor obtained from PCA. Because of these

reasons the SQI value of a particular soil-cropping system is
non-comparable with the SQI value of other soil-cropping
system. The computation of SQI (PCASQI) values derived
from PCA were validated in terms of the yield potential of
the cropping systems, as measured by % relative yield of the
cropping systems. Here, % relative yield indicates the ratio
of the observed yield (combined yield of both the crops in
rotation in terms of equivalent yield) of any site divided by
the maximum yield obtained in a particular study area. It was
observed that the measured SQI values (PCASQI) provided
quite a satisfactory indication about the productive potential
of the cropping system (Table 2).

Name of
the AESR

Soil Types Cropping Systems Soil Quality Index % Relative Yield of the
Cropping System

(Mean)Range Mean

AESR 4.1 Entisol Rice-Wheat
Maize-Wheat

0.972-1.005
0.982-1.05

0.92±0.10
1.00±0.11

64.20
68.54

Inceptisol Rice-Wheat 0.768-0.936 0.87±0.12 82.19
AESR 7.2 Alfisol Monocropped with Paddy, Cotton,

Castor, Redgram, Maize etc.
0.257-0.719 0.44±0.09 42.25

Inceptisol Monocropped with Paddy, Cotton,
Castor, Redgram, Maize etc.

0.345-0.727 0.50±0.09 60.18

Vertisol Monocropped with Paddy, Cotton,
Castor, Redgram, Maize etc.

0.172-0.703 0.46±0.11 58.58

AESR 10.1 Vertisol Soybean-Wheat
Pristine soil

0.894-1.809
1.512-1.982

1.22±0.15
1.67±0.09

56.82
-

AESR 15.1 Inceptisol Rice-Potato-Sesame (Harit Series) 0.37-0.80 0.60±0.13 75.33
Rice-Potato-Sesame (Baligori
Series)

0.55-0.82 0.68±0.08 78.05

Rice-Rice (Harit Series) 0.66-0.89 0.77±0.07 73.73
Rice-Rice (Baligori Series) 0.24-0.76 0.51±0.18 76.06

Alfisol Rice-Potato-Sesame (Kataban
Series)

0.51-0.86 0.67±0.13
84.42

Rice-Potato-Sesame (Bulanpur
Series)

0.47-0.77 0.66±0.10
81.55

Rice-Rice (Kataban Series) 0.22-0.78 0.42±0.18 68.19
Rice-Rice (Bulanpur Series) 0.72-1.49 1.06±0.27 76.22
Rice-Wheat (Kataban Series) 0.58-0.69 0.62±0.05 75.52
Rice-Wheat (Bulanpur Series) 0.51-0.93 0.71±0.18 79.40

Thus, the results suggest that the PCA derived soil
quality indicators and subsequent computation of SQI for a
given soil-cropping system together with productive
potential of the cropping systems could be used to indicate
the overall health of the soil and any increase or decrease in
this numerical value of SQI would indicates aggradation or
degradation of the overall health of the soil.

Assessment of soil health in terms of Soil Quality Index
derived from principal component analysis is a tedious and
cumbersome job. In order to simplify the assessment

protocol of soil health, NAIP sub-project used the concept of
Relative Soil Quality Index (RSQI) based on fifteen soil
indicators comprising of three physical indicators, two
biological indicators and ten chemical indicators.  Based on
this approach of rating soil health using uniform scoring and
weightage values, the health of soils of eight targeted
districts were classified into poor category (soils having
RSQI values <50%), medium category (soils having RSQI
values 50-70%) and good category (soils having RSQI
values >70%) and is presented in table 3.

Soil Quality Rating

Table-2 : Summary table of soil quality index based on key indicators derived from PCA
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As per this approach, none of the soil in AESR 4.1 and
AESR 15.1 was found in poor category, whereas, 50% soils
in an AESR 7.2 was found in poor category. In the Vertisol
region of AESR 10.1 about 16.7 and 4.2% of the soils of
Vidisha and Sehore districts were found to be in poor
category, respectively. In AESR 4.1, majority of the soils
(around 75%) belong to medium category whereas 25%
soils were found to have good soil health. In this region, the
observed mean relative yield (%) of the medium category
soils ranged between 62.4-81.2  while it was 85.2-86.8% in
case of good category soils. In AESR 7.2, the soils under
good category were found to range between 1.3-1.9%.
Because of different crops were grown in this region, no
relationship between RSQI and crop yield could be
established (R2 =0.145). In AESR 10.1, about 78% of the
soils were found in medium category and the observed mean
relative yield of crops ranged between 50.2-58.2%. In this
region, 16.7 and 4.2% soils of Vidisha and Sehore districts
were categorized as poor soils , respectively, while 5.7 and
18.3% soils were found to be of good category soil. The
observed mean relative yield under poor and good category
soils varied from 39.8-53.9% and 74.5-78.2%, respectively.
In AESR 15.1, none of the soils in Hoogly and Bankura
districts was found in poor category. Based on this
classification, 100% soils in Hoogly district was found in
good category, while about 78% soils of Bankura district
was found in good category soils. However, marked
difference was observed in terms of productive capacity of
the good category of soils of Hoogly and Bankura districts.
Thus, the results showed that this approach of rating of soil
health based on RSQI concept may be an useful tool and
there is need of more extensive investigations to validate its
usefulness for assessment of soil health.

Ramamoorthy et al (1967) established the theoretical
basis and experimental proof for the fact that Liebig's law of
the minimum operates equally well for N, P and K. This

forms the basis for fertilizer application for targeted yields,
first advocated by Truog (1960). Ramamoorthy et al (1967)
have refined the procedure of fertilizer prescription as given
by Truog (1960) and later extended to different crops in
different soils. This provides a scientific basis for balanced
fertilization not only between fertilizer nutrients but also
with the soil available nutrients (Dey, 2012).  Targeted yield
concept strikes a balance between 'fertilizing the crop' and
'fertilizing the soil'. The procedure provides a scientific basis
for balanced fertilization and balance between applied
nutrients and soil available nutrients. In the targeted yield
approach, it is assumed that there is a linear relationship
between grain yield and nutrient uptake by the crop. So for
obtaining a particular yield a definite amount of nutrients are
taken up by the plant. Once this requirement is known for a
given yield level the fertilizer needed can be estimated
taking into consideration the contribution from soil available
nutrients. Among the various methods of  fertilizer
recommendation, the one based on yield targeting is unique
in the sense that his method not only indicates soil test based
fertilizer dose but also the level of yield the farmer can hope
to achieve, if good agronomic practices are followed in
raising the crop. The essential basic data required for
formulating fertilizer recommendation for targeted yield are
(i) nutrient requirement in kg/q of produce, grain or other
economic produce (ii) the per cent contribution from the soil
available nutrients (iii) the per cent contribution from the
applied fertilizer nutrients (Ramamoorthy et al 1967).

The above-mentioned three parameters are usually
calculated as follows:

Nutrient requirement of N, P and K for grain production

Districts No. of
Samples

% Soils having RSQI Value Observed Mean Relative Yield (%)
Under

<50%
(Poor

Category)

50-70%
(Medium
Category)

>70%
(Good Category)

Poor
Category

Soil

Medium
Category

Soil

Good
Category

Soil

Ludhiana (AESR 4.1) n=120 0.0 74.6 25.4 - 81.2 85.2

Rupnagar (AESR 4.1) n=115 0.0 72.2 27.8 - 62.5 86.8

Warangal (AESR 7.2) n=149 50.0 48.7 1.3 * * *

Nalgonda (AESR 7.2) n=160 50.0 48.1 1.9 * * *

Vidhisha (AESR 10.1) n=156 16.7 77.6 5.7 53.9 58.2 78.2

Sehore (AESR 10.1) n=120 4.2 77.5 18.3 39.8 50.2 74.5

Hoogly (AESR 15.1) n=78 0.0 0.0 100.0 - - 76.3

Bankura (AESR 15.1) n=80 0.0 22.5 77.5 - 46.7 53.4

Table-3 : Rating of soil health using Relative Soil Quality Index (RSQI) values

kg of nutrient/q of grain =
Total uptake of nutrient (kg)

Grain yield (q)
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Fertilizer
dose =

Nutrient
requirement of

grain (kg/q)
x100 x T -

%CS x Soil test
value kg/ha%CF %CF

Contribution of nutrient from soil

% Contribution of nutrient from fertilizer

Calculation of fertilizer dose

Fertilizer recommendations based on soil test for yield
targeting for managing soil health

Fertilizer recommendation through targetted yield
approach for maintenance of soil health

Contribution from (CF) = (Total uptake of nutrients) -
(Soil test values of nutrients in
fertilizer treated plots x CS)

The above basic data are transformed into workable
adjustment equation as follow:

= a constant x yield target q/ha-b constant x soil test value kg/ha

The differentiation of significant multiple regression
equations provides a basis for soil test-fertilizer requirement
calibration for maximum yield per hectare, maximum profit
per hectare and maximum profit per rupee investment on
fertilizer.

Ramamoorthy et al (1967) established the theoretical
basis and experimental proof for the fact that Liebig's law of
the minimum operates equally well for N, P and K. This
forms the basis for fertilizer application for targeted yields,
first advocated by Truog (1960). Ramamoorthy et al (1967)
have refined the procedure of fertilizer prescription as given
by Truog (1960) and later extended to different crops in
different soils. This provides a scientific basis for balanced
fertilization not only between fertilizer nutrients but also
with the soil available nutrients (Dey, 2012).  Targeted yield
concept strikes a balance between 'fertilizing the crop' and
'fertilizing the soil'. The procedure provides a scientific basis
for balanced fertilization and balance between applied
nutrients and soil available nutrients. The linear relationship
between yield and uptake implies that for ob-taining a given
yield, a definite quantity of the nutrient must be taken up by
the plant. This is also borne out by the near constancy when
the response is expressed in the form of units of grain
production per unit of nutrients absorbed by the plant. It is
the reciprocal of this form, viz., response to absorbed
nutrient which is expressed as nutrient requirement in kg/q
of grain production. It has been observed that the nutrient
requirement per quintal of grain production is nearly the

same for a given variety although variations between
varieties of crop and in the same variety between -two
different seasons (Kharif versus Rabi) have been observed.

For a given soil type-crop-agro-climatic condition, the
essential basic data required for formulating fertilizer
recommendation for targeted yield are: (i) nutrient
requirement in kg/q of produce (grain or other economic
part); (ii) the per cent contribution from the soil available
nutrients; and (iii) the per cent contribution from the applied
fertilizer nutrients. The above mentioned three parameters
can be deduced from the soil test crop response experiments.
The per cent contribution from the soil is essentially
influenced by the soil type, texture, rooting depth and
nutrient release characteristics of the soil. Simi1arly, per
cent contribution from the fertilizer depends on the form,
method and time of application of the fertilizer and other
parameters, viz., the soil type, plant and climate. The
resultant fertilizer adjustment equations have been tested in
follow up and frontline demonstrations conducted in
different parts of the country. In these trials soil test based
rates of fertilizer application helped to obtain higher
response ratios and benefit: cost ratios over a wide range of
agro-ecological regions (Dey and Srivastava, 2013,
Majumdar et al. 2014).

The targeted yield approach is unique in developing
soil-test-based fertiliser prescriptions for desired yield target
chosen by the stakeholders based on their input use
capability. It also provides the fountain to decide nutrient
ratios for development of customised fertilisers.
Determination of basic data for targeted yield needs further
refinement efforts. In particular, the problems of low values
for per cent efficiencies of soil and fertilizer nutrients that is
encountered in some instances, need to be improved by
identifying the factors responsible for this, which could lead
to further scope for development of improved cultural and
fertilizer management practices for enhancing nutrient
utilization efficiencies.

Fertilizer recommendation for realizing in the short
term greater fertilizer use efficiency on the one hand and far
maintenance of sail fertility in the long term an the other
seem to have two opposing dimensions. If soil fertility is to
be maintained or even increased, heavier doses of fertilizers
have to be used to take into account the inevitable lasses in
the availability due to leaching and fixation. Therefore, to
get the best out of fertilizer investment, the turnover from it
must be very quick. This is ensured when fertilizers are
applied far law yield targets. Under such situations, the
excess native soil nutrient (S) will make a great contribution
to increase the yield. This would mean low doses of

% Contribution from soil (CS) =
Total uptake in control

(kg/ha) x 100

Soil test values of nutrient in
control plots (kg/ha)

% Contribution from
fertilizer (CF)

CF
Fertilizer dose (kg/ha)

=
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application of fertilizer and exhausting of the unutilized
excess nutrients from the soil. The soil fertility would,
therefore, deplete at a faster rate as a result of this
exhaustion. Thus, these two approaches seem to be pulling
in different directions and it will be necessary to adjust the
fertilizer practices over seasons in such a way so as to strike a
balance between the two.

The generation of basic data for targeted yield of crops
in a rotation would enable application of fertilizer far
appropriate yield targets so that over seasons, the twin
objectives of high yields and maintenance of soil fertility
could be achieved (Dey and Gulati, 2013).

Linking Soil Health Testing with Management Practices

Managing for soil quality will enhance soil resilience,
and resilient soils respond to management (Lal 1998).
Management practices that increase soil organic matter
levels will improve most soil functions. In normal
conditions, the soil can maintain equilibrium by pedogenetic
processes. However, this equilibrium is easily disturbed by
anthropogenic activities (e.g., agricultural practices,
deforestation, and overgrazing). In order to make sound
decisions regarding sustainable land use systems,

knowledge of SQ related to different land use scenarios is
essential. It is therefore most important to assess SQ
degradation of different land use and soil management
systems using soil quality index (SQI) since many of the
factors that influence sustainable productivity are related to
SQ. Information on SQI can support to further prioritization
and then device management strategies that improve soil
resources sustainably. Table 4 is indicative of how poor soil
quality due constraints of physical, biological and chemical
nature can be improved by short-term and long-term
management practices.

Treatment Soil
depth
(cm)

Bulk density Water retention (%) Hydraulic
conductivity

(cm/hr)
Yi Y3 Yi

(10
kPa)

Y3

(10
kPa)

Yi

(33
kPa)

Y3

(33
kPa)

Yi

(1500
kPa)

Y3

(1500
kPa)

Yi Y3

Control
0-15 1.52 1.53 8.80 8.77 5.60 5.58 1.90 1.88 10.4 10.51

15-30 1.53 1.53 8.60 8.61 5.30 5.28 2.10 2.08 8.2 8.23
General
recommendation
dose (GRD)

0-15 1.52 1.52 8.80 2.82 5.60 5.63 1.90 2.11 10.4 10.32

15-30 1.53 1.53 8.60 8.62 5.30 5.34 2.10 2.18 8.2 8.16

STCR
0-15 1.52 1.52 8.80 8.88 5.60 5.81 1.90 2.21 10.4 10.28

15-30 1.53 1.53 8.60 8.69 5.30 5.42 2.10 2.36 8.2 8.11

STCR-IPNS
0-15 1.52 1.50 8.80 9.51 5.60 6.36 1.90 2.89 10.4 9.28

15-30 1.53 1.50 8.60 9.22 5.30 6.07 2.10 2.51 8.2 7.76

Table-4 : Changes in bulk density, water retention and hydraulic conductivity of soil in guar- wheat cropping
system under Rajasthan condition

Table- 5 : Changes in soil microbial biomass, dehydrogenase activity and organic carbon in guar- wheat cropping
system under Rajasthan condition

Y : Initial; Y : After 3 yearsi 3

Y : Initial; Y : After 3 yearsi 3

Treatments Soil depth
(cm)

Microbial biomass
(mg kg-1)

Dehydrogenase activity
(PKat/g)

Organic C (%)

Yi Y3 Yi Y3 Yi Y3

Control 0-15 30 ±6.0 20 ± 3.2 1.05 1.06 ±0.06 0.11 0.07 ± 0.02

GRD (without organics) 0-15 30 ±6.0 40 ± 5.4 1.05 2.10 ±0.07 0.11 0.10± 0.03

STCR (without organics) 0-15 30 ±6.0 53 ± 5.5 1.05 2.88 ±0.07 0.11 0.12 ± 0.03

STCR-IPNS 0-15 30 ±6.0 69 ± 6.3 1.05 3.93 ±0.07 0.11 0.19± 0.03
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Table-6 : Linking Soil Health Test Results to Management Practices

Source: Van Es (2014)

Test Results Suggested Management Practices
Short Term Long Term

Physical Concerns
Low Aggregate
stability

 Incorporate fresh organic materials
 Use shallow-rooted cover/rotation crops
 Add manure and green manure

 Reduce tillage
 Use a surface mulch
 Rotate with sod crops

Low Available
Water Capacity

 Add stable organic materials
 Add compost or biochar
 Incorporate high biomass cover crop

 Reduce tillage
 Rotate with sod crops
 Incorporate high biomass cover crop

High Surface
Hardness

 Perform some mechanical soil loosening (strip till, aerators,
broadfork, spader)

 Use shallow-rooted cover crops
 Use a living mulch or interseed cover crop

 Shallow-rooted cover/rotation crops
 Avoid traffic on wet soils, monitor
 Avoid excessive traffic/tillage/loads
 Use controlled traffic patterns/lanes

High Subsurface
Hardness

 Use targeted deep tillage (subsoiler, yeomans plow,chisel
plow, spader.)

 Plant deep rooted cover crops/radish

 Avoid plows/disks that create pans
 Avoid heavy loads
 Reduce traffic when subsoil is wet

Biological Concerns
Low Organic
Matter

 Add stable organic materials
 Add compost and biochar
 Incorporate high biomass cover crop

 Reduce tillage/mechanical cultivation
 Rotate with sod crop Incorporate high biomass

cover crop
Low Active
Carbon

 Add fresh organic materials
 Use shallow-rooted cover/rotation crops
 Add manure, green manure

 Reduce tillage/mechanical cultivation
 Rotate with sod crop
 Cover crop whenever possible

Low Mineralizable
Nitrogen

 Add N-rich organic matter (low C:N source like manure or
well-finished compost)

 Incorporate legume or young, green cover crop (inoculate
legume seed)

 Adjust pH to 6.2-6.5 (helps molybdenum)

 Reduce tillage
 Rotate with forage legume sod crop
 Cover crop and add fresh manure
 Keep pH at 6.2-6.5 (helps molybdenum)
 Monitor C:N ratio of inputs

High Root Rot
Rating

 Use disease-suppressive cover crops
 Biofumigate
 Plant on ridges/raised beds
 Monitor irrigation

 Use disease-suppressive cover crops
 Increase diversity of crop rotation
 Sterilize seed and equipment
 Improve drainage/monitor irrigation

Chemical Concerns
Low pH  Add lime or wood ash to soil test recs

 Add calcium sulfate (gypsum) in addition to lime if
aluminum is high

 Use less ammonium or urea

 Test soil annually & add “maintenance” lime to soil
test recs to keep pH in range

 Raise organic matter to improve buffering capacity

High pH  Stop adding lime or wood ash
 Add elemental sulfur to soil test recs

 Test soil annually
 Use higher % ammonium or urea

Low Phosphorus  Add nutrient amendments to soil test recs
 Use cover crops to recycle fixed P
 Adjust pH to 6.2-6.5 to free up fixed P

 Promote mycorrhizae populations
 Maintain a pH of 6.2-6.5
 Use cover crops to recycle fixed P

High Phosphorus  Stop adding manure and compost; or Choose low or no-P
fertilizer blend; or

 Apply only 20 lbs/ac starter P; or
 Apply P at crop removal rates

 Use cover crops that accumulate P and export to
low P fields or offsite

 Consider low P rations for livestock
 Consider phytase for non-ruminants

Low Potassium  Add wood ash, fertilizer, manure, or compost to soil test recs
 Use cover crops to recycle K
 Choose a high K fertilizer blend

 Use cover crops to recycle K
 Balance K, Ca & Mg % base saturation
 Add “maintenance” K to soil recs each year to keep

K consistently available
High Potassium  Stop adding high K fertilizer or manure

 Grow high K removing crops
 Balance K, Ca & Mg % base saturation

 Use cover crops to accumulate K and export to low
K fields or offsite

 Balance K, Ca & Mg % base saturation
Low
Micronutrients

 Add chelated micros to soil test recs
 Use cover crops to recycle micronutrients
 Do not exceed pH 6.5 for most crops

 Promote mycorrhizae populations
 Improve organic matter
 Decease soil P (binds micros)

High Micronutrients  Raise pH to 6.2-6.5 (for all high micros except Molybdenum)
 Do not use fertilizers with micronutrients

 Maintain a pH of 6.2-6.5
 Monitor irrigation/improve drainage
 Improve soil calcium levels

High Salinity  Leach soils
 Use fertilizers with a low salt index (avoid chlorine and

ammonium/urea fertilizers)
 Do not use chilean nitrate

 Test compost for soluble salts Use
electroconductivity meter to monitor salts in the soil
and irrigation water

 Improve drainage
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All India Coordinated Research Project on Soil Test
Crop Response (AICRP-STCR) based at Indian Institute of
Soil Science has developed a computer aided model that
calculates the amount of nutrients required for specific yield
targets of crops based on farmers' soil fertility (Majumdar et
al. 2014). It is accessible on Internet (http://www.stcr.gov.in)
This software program reads data, performs calculations and
generates graphical and tabular outputs as well as test
reports. This system has the ability to input actual soil test
values of the farmers' fields to obtain optimum dose of
nutrients to achieve yield target and maintain soil health.

Soil degradation continues to be a major threat to Indian
food security. The intensive cropping coupled with
imbalanced nutrient and water management practices, has
invariably affected the soil quality and widespread depletion
in soil organic carbon pool across agricultural soils of India.
A decline in soil quality has presumably led to a gradual
reduction in crop response to fertilizer nutrients and
decrease in partial factor productivity. This leads to use of
higher quantity of chemical inputs which is subjected to
more losses and in turn affects the environment adversely.
Despite a decline in soil health and quality of agricultural
soils, assessment studies are scattered and have been
conducted in experimental fields or in a limited spatial scale.
There is no systematic information available on the status of
soil health of major crop production zones of the country.

Soil quality has become an internationally accepted
science-based tool for advancing the assessment, education,
understanding and management of soil resources. Two of the
most important factors associated with the soil quality
concept are that (1) soils have both inherent and dynamic
properties and processes and that (2) soil quality assessment
must reflect biological, chemical, and physical properties,
processes and their interactions. In general, SQI is a useful
assessment tool that may help in soil conservation and
resource management apart from assessments of soil erosion
and changes in productivity. SQI can thus provide the
necessary information for planners and decision makers to
make informed decisions against SQ degradation using the
introduction of appropriate interventions. Despite such
importance of SQI in combating SQ degradation, only few
studies have been reported in relation to various land use and
soil management systems. This indicated that research on
SQI has been mostly neglected for unknown reasons, with
the most probable reason which could be technical and
financial limitations. Adoption of targeted yield approach
provides the scientific basis for balanced fertilization not
only between the fertilizer nutrients themselves but also that
with the soil available nutrients for sustaining soil health.
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Abstract

Introduction

Airborne gamma-ray spectrometry (AGRS) has been
widely accepted as a technique with large applications not
only for Uranium exploration, geological mapping, mineral
exploration, environmental monitoring but also for soil
mapping. This technique therefore can be used for land-use
more judiciously using this apriori information about the
soil. The interesting point of AGRS technique is that it
provides information of the ground/soil (density 1.40-2.00
gm/cc) about a meter deep in soil and 33cm in rock types
(density 2.5-3.00gm/cc). This information can become quite
important consideration for agriculture scientists and
planners in decision making. Gamma ray surveys are
broadly based on surface, sub-surface and airborne
radiometric measurements. Airborne gamma ray
spectrometric surveys began in the developed countries and
in India during the early 1950's almost simultaneously. Our
country (DAE/ AMD) developed first airborne total count
measuring and tracing system using vacuum tube based
circuitry, and the system was flown at 60 m altitude till
1958.These methodologies have undergone a great
evolution in the development of the system by way of
Instrumentation, Calibration and survey techniques, data
processing, interpretation and data management, since the
early 1950's. With proper instrumentation, calibration,
airborne gamma ray spectrometers were capable of
providing concentrations of radio nuclides such as
potassium, uranium and thorium on the area flown. AGRS
technique is also called 'chemistry from air'. The earlier
airborne scintillometer surveys could generate only the total
count maps, to detect the presence of anomalous sources,
primarily for uranium exploration and not for radio
elemental mapping. Here in this paper some results are
presented and radio elemental distribution of K has been
discussed.

The radioactivity measurements in soil and fertilizers
have been carried out by using gamma ray spectrometry
(Wassila Boukhenfouf, Ahmed Boucenna, 2011). Because
of their mineral content, soils are naturally radioactive.
However, sometimes extensive usage of fertilizers enhances
the radioactivity levels in addition to naturally distributed
primordial radioelements. To determine activity
concentration due to naturally occurring (226) Ra, (232)Th

and (40)K, gamma spectrometry has been widely utilized,
and can be used to study  different sorts of fertilizers, virgin
and fertilized soils. As we know potassium (K) is an essential
nutrient for plant growth. Because K  is profusely absorbed
from the root levels in agronomic crops, therefore it is a
macronutrient. Normally soil supplies K for the plants and
crop production, however, if the potassium is not sufficient
in the soil it can be compensated by some fertilizer scheme
(NPKs). Potassium in soil can readily be mapped using
gamma ray spectrometry for various sizes of ground
samples. The purpose of this paper is to demonstrate the K
mapping in addition to U and Th mapping which can provide
radiation exposure rate of the surveyed area. The Airborne
Gamma Ray Spectrometry (AGRS) is briefly described in
this paper.

Development of gamma-ray spectrometry, along with
ability to grow large sized (50,000 cc) sodium iodide
(thallium activated) detectors enables the high-sensitivity
airborne gamma-ray spectrometry, a very useful tool for
mapping radio-elemental concentrations of uranium,
thorium, and potassium on earth's crust.  This information,
coupled with measurements of total radioactivity, is used to
delineate significant anomalies for ground follow up work.
The remote sensing techniques using satellite data
integrated with aerial gamma-ray spectrometric data is used
for extraction of geological information necessary for
uranium exploration.  It provides a timely guide to the
ground exploration teams for further detailed search which
may finally help them to conceptualize a model to establish
some criteria for favorability and recognition of concealed
deposits.  Therefore application of high-sensitivity airborne
gamma-ray spectrometry provides a timely guide giving
valuable information saving labour, cost and time ( Darnley
and Fleet,1968; Duval et. al. ,1971; Grasty and
Darnley,1971; International Atomic Energy Agency,1976;
Jadhav et. al.,1988;Loveborg et al,1976; Raghuwanshi,
1996;Raghuwanshi,1992;Raghuwanshi and Bhaumik,
1989; Raghuwanshi et. al.,1989;Raghuwanshi and Tewari,
1990 ; Tewari and Raghuwanshi,1987)

The aircraft flown at 120-m altitude records full
spectrum of gamma-rays every second along with
information on location on a computer compatible magnetic
tape. A single day's survey of four hours collects
approximately 15 million characters. Enormous data is
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collected during a survey season making computer
processing essential. The actual processing and various
steps of data processing are described in detail in this article.

Gamma-radiation at the surface of earth's crust
originates from the decay of potassium-40 and the
radioactive decay products in uranium and thorium decay
chains.  The concentration of these radioelements varies in
the earth crust in different kinds of soils, lithologies
depending upon their age, environments, and various other
kinds of factors.  Thus each of these soil/ lithological units is
likely to have its own distinct concentration of these
radioelements facilitating its identification, apart from
change in radioelemental concentrations within the same
region. This is one of the most important features that have
been utilized to identify areas with radioactivity anomalies.

Based upon penetration power of the gamma-rays in air,
Compton interferences in the neighbouring energies, and
abundances of energies in the spectrum (International
Atomic Energy Agency, 1976), 1.76 Mev gamma-ray energy
has been selected for identification of uranium, 2.62 MeV
for thorium, and 1.46 MeV for potassium.

The parameters important in the planning of the aerial
survey are primarily economy, flight line spacing, survey
altitude, and volume of the sodium iodide detector.  Proper
selection of these parameters is necessary in order to cover
reasonably large ground area by acquiring statistically
reliable count rates for these energies.  Some more
parameters are however necessary to be considered for
better counting statistics.  These are sampling time,
resolution on the ground, and speed of the aircraft.
International Atomic Energy Agency (1976) has
recommended one second sampling time at survey altitude
of 122 m using 50 litres of sodium iodide crystal and aircraft
speed around 220 km/h. The variation of the relative
intensity with survey altitudes, density of the ground
material (such as soil, lithology), and the variation of the
intensity changes with look angle of the detector are given
Figures 1.

These parameters provide a relationship of the aerial
gamma-ray intensity to the circle of investigation (the
ground area) viewed. Where the relative intensity of an
infinite source with the radius of circle in units of flying
altitudes are given for the gamma-ray energies 1.46 Mev,
1.76 Mev, and 2.62 Mev.  It is observed that the radius of
circle of investigation for 95% relative yield are 330 m,
360m and 400 m respectively for 1.46 Mev, 1.76 MeV, and
2.62 MeV gamma energies.

The above data permits calculation of the width of the
strip of ground along the flight line and therefore provides a
means of determining the flight line spacing, ground
clearance, and ground coverage.  This further helps to
compute the required detector volume for both the total
surveys (0.4-2.62 MeV) and spectrometric surveys.

          Depending upon the size of the target the parameters
such as flight line spacing, flying altitude crystal volume
etc., are decided.  The cost of the survey would increase for
smaller and smaller target to be detected on the ground.  The
surveys which are aimed to mark the broader anomalies on
regional scale select line spacing greater than 3 km.  On the
other hand to locate the localized anomalies and to provide
detailed geological mapping, line spacing of less than 3 km
is desirable.  As the flight line spacing increases the ground
coverage decreased.  With increase of survey altitude the
count rate per unit sample decreases, but the ground
coverage increases resulting in the decrease of the ground
resolution.  This indicates that the target detectability or the
ground resolution and ground coverage depends upon the
survey altitude.

AGRS data collected during a typical survey must
reflect the radioelement distribution of the ground.  Darnley
and Fleet (1968) have described the two sets of
measurements by ground and airborne gamma ray
spectrometer, and have indeed found them to be correlated.
Tewari and Raghuwanshi (1987) have thoroughly
investigated the relation between percentage infinite source
yield versus survey altitude for a wide range of gamma
energies and different densities of the attenuating ground.

Physical Basis of Airborne Gamma-Ray Technique

Recommendations of International Atomic Energy
Agency for AGRS SURVEYS

Ground Coverage, Resolution, Flight Spacing and
Statistical Reliability of Data Acquired

How to Correlate Agrs Data to Ground Data

Fig. 1 : Design Parameters and Terrestial Gamma Ray
Spectrum
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Resolution of Agrs Sensor and Gamma Ray Energy
Window Width Determination

Airborne Gamma-Ray Spectrometric System

Gamma-Ray Spectrum Analysis

Interpretation Techniques

Case Histories

An inspection of the gamma-ray spectrum of 40K,
238U and 292Th decay series and yield of different  -
energies show that 1.46MeV, 1.76 MeV, and 2.62 Mev
gamma-rays respectively can be selected for their
identification The selection criteria for Gaussian shaped
photopeak is 'full width at half maximum' (FWHM) which is
equal to 2.35 , where   is the standard deviation of the energy
dispersion due to the detector used. The FWHM criterion is
very useful in computing the window width and has been
made use of for these energies.  International Atomic Energy
Agency (1976) has recommended a window width of 200
KeV each for 1.46 and 1.76 MeV energies and 400 KeV for
2.62 Mev gamma-rays.  In the selection of these widths, the
resolution of the crystal system (10% at 0.662 MeV 137 Cs)
has been taken into consideration.

The airborne gamma ray spectrometric (AGRS) system
with multi channel analyzer (256 channels) used to acquire
ground variation data in the various energy windows
selected for the measurement of uranium (U), thorium (Th),
and potassium (K) comprise a large detector volume (50
liters) sodium iodide thallium activated (NaI (Tl) in the form
of 12 prismatic detectors of 102 mm x 102mm x 406 mm
size.  This detector array is kept in the thermally insulated
boxes so as to minimize any spectral drift during the airborne
surveys.  The air-borne gamma-ray multichannel spectrum
is obtained by such a system at 122 m altitude.  The gamma-
ray peaks at 1.46 MeV, 1.76MeV, and 2.62 MeV are clearly
distinguishable.  The energy windows selected for these
gamma-rays are 1.36 - 1.56 MeV, 1.66 -1.86 Mev, and 2.42 -
2.82 Mev respectively.  An additional widow 'Total' is
selected from 0.4 - 2.82 MeV encompassing full terrestrial
gamma-energies as it helps to identify the general
lithological/soil variations.  The spectrometer is capable of
sensing changes in the ground surface concentrations of the
order of 1 ppm eU, 2 ppm eTh, and 0.2% of K.
Measurements of background count rate and its correction
before calculating ground concentrations is an essential
aspect of AGRS surveys.  For this survey the AGRS system
is flown over a large water body or at high altitude for
background corrections to the AGRS data.

A software program analyses gamma-ray MCA
spectrum of 256 channels and locates the channels with peak
count rates for 1.46 Mev, 1.76 Mev, and 2.62 MeV energies
of gamma-rays and carries out background and Compton
corrections and finally height corrections. As recommended
by International Atomic Energy Agency (1976) the data
measured at various altitudes due to either topographical or

navigational reasons must be normalised to an altitude of
122 m.

The various data presentation techniques in airborne
radiometric surveys are reviewed in detail by Killean (1979)
in a sequential manner. The significance factor analysis is
basically a univariate statistical analysis in which the
deviation of the observation from the mean value is
expressed in multiple of its standard deviation called Z
score. This tool is quite powerful and can demarcate the
anomalous zones. The multivariate approach is the principal
component analysis (PCA).  In PCA the starting point is the
inter-elemental variance-covariance matrix for three
original variables-U, Th and K.  This is decomposed so that
the inherent variability of the data can be represented by a set
of three new variables.

 surveys: These areas were flown by AMD using
AGRS system  for radiometric mapping. Various maps
(Figures A, B, C) for U, Th, K concentrations for such large
areas were generated using calcomp plotters at AMD, DAE,
Hyderabad. The importance of total counts and potassium
concentration (in %) maps are presented here to demonstrate
the clear picture of distribution of this important nutrient
needed for especially for agriculture purpose. It is
interesting to identify the potassium haloes lying above three
sigma above average of these areas.

Satoura-Gondwana and Sakoli basins 2000-2001
AGRS
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Summary and Conclusions
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In the present article the basic philosophy of airborne
gamma-ray spectrometry has been described briefly for
locating the potassium rich areas. The geochemical
information of uranium, thorium and potassium are
necessary to be known before one attempts the interpretation
of this radiometric data For all investigation, necessary
instrumentation has been described with the data
presentation techniques with practical and example is
described to demonstrate how efficient the gamma ray
spectrometry can be used. However, sizeable favorable
regions must further be explored by ground follow-up work.
Potassium distribution maps for these two areas clearly
indicate the availability levels of this essential major nutrient
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and acknowledges gratefully Prof. B. Sachidanand for
contacting and introducing theme of this National soil
science symposium.
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Soil health also termed soil quality refers to the functioning
of soil within ecosystem boundaries to sustain biological
productivity, maintain environmental quality and promote
plant and animal health. It represents a composite of
physical, chemical and biological attributes. For the soil to
perform its functions at optimal level, it is imperative to
manage it properly so as to maintain its health. Soil may be
lost in a relatively short period of time if used
inappropriately or mismanaged with very limited
opportunity for regeneration or replacement, indicating that
the soil is not an inexhaustible resource. Changes in soil
quality can be assessed by measuring appropriate properties
and comparing them with desired values (critical limits or
threshold level), at different time intervals, for a specific use
in a selected agro-ecosystem. Such a monitoring system
provides information on the effectiveness of the selected
farming system, land use practices, technologies and
policies in influencing soil health. In the recent past, there is
increased recognition that soils play an important role in
bidirectional exchange of greenhouse gases with the
atmosphere. In this context, soil organic matter (SOM) is a
key attribute that influences both the productive potential
and environment moderation capacity of soil. Therefore,
strategies aimed at improving soil health directly or
indirectly lead to accretion of SOM. During the last three
decades several management practices have been
developed, standardized and recommended for enhancing
soil health and sustaining productivity. In this paper, criteria
for soil health assessment and strategies for soil health
enhancement and carbon sequestration in soils are
presented.

Soil quality is generally distinguished between inherent
and dynamic soil quality (Carter et al., 1997). Inherent soil
quality depends on the soil's mineral composition, soil
texture and depth and it does not show much change with
time, except for degradation by erosion, deposition or
desertification. However, static soil quality indicators
provide basis for characterizing the influence of
management practices on dynamic soil properties, which are
subject to change with time, climatic conditions and
management practices. The examples of dynamic soil
quality indicators include SOM, microbial biomass and
diversity, soil respiration, C and N mineralization rates.

Dynamic soil properties indicate whether the management
practices being adopted are sustainable or not. Several
physical, chemical and biological properties (Table 1) have
been proposed as indicators of soil quality (Nieder and
Benbi, 2008). Physical attributes most commonly used to
define soil quality include soil texture, depth of soil and
rooting, soil bulk density, aggregation, infiltration, water
holding capacity, water retention characteristics, water
content and soil temperature. Chemical parameters that can
be used to assess soil quality include total SOM, active
organic matter content, pH, electrical conductivity (EC), and
available nutrient concentrations; which influence microbial
activity, nutrient and substrate availability and soil's
structural stability.  Biological parameters that can be used
to indicate soil health include microbial biomass C and N,
potentially mineralizable N, specific microbial respiration
rates, microbial count, and the presence of mycorrhizae. The
microbial C and N masses are important for determining
microbial health as, in general, a C/N ratio of 8:1 is
necessary for adequate soil functions. The C/N ratio
indicates whether the organic matter is having substantial
amount of C and N to sustain microbes. Measurement of
potentially mineralizable N in soil could be used to estimate
indigenous soil N supply. Microbial activity indicators
include the microbial respiration or the CO  evolution rates.

No single parameter is sufficient to describe soil quality.
Generally, a composite of parameters based on soil physical,
chemical and biological properties and processes is used to
develop soil quality index (SQI) (e.g. Karlen et al., 1997;
Andrew et al., 2004). Doran and Parkin (1994) proopsed a

Criteria for soil health assessment

2

Table-1 : Commonly used physical, chemical and
biological indicators for soil health assessment

Strategies for Soil Health Enhancement and Carbon Sequestration in Soils

ICAR National Professor
Punjab Agricultural University, Ludhiana 14100

Email:  dkbenbi@yahoo.com

D.K. Benbi

Indicator Soil property
Physical Soil texture, aggregate distribution, aggregate

stability, maximum rooting depth, bulk density,
penetration resistance, porosity, hydraulic
conductivity, infiltration, water holding capacity,
mineralogy

Chemical Organic C, labile C, organic C fractions of different
oxidizability, total N, mineral N, pH, electrical
conductivity, available nutrient status, cation
exchange capacity, potentially toxic elements,
organic chemical contaminants

Biological Microbial biomass C and N, potentially
mineralizable N, soil respiration, metabolic
quotient, respiratory quotient, enzyme activities,
phospholipid fatty acid, DNA
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performance based SQI that includes elements for food
production and food quality, erosivity, ground and surface
water quality, and air quality. In addition to soil fertility and
potential productivity SQI may include components of
human and animal health, environmental quality, biological
diversity and food quality/safety. To describe soil quality, a
minimum data set comprising a small number of selected
soil physical, chemical and biological indicators is required.
The choice of the data set is based on an understanding of the
relationship between SQI and soil functions. While several
soil indices have been proposed for soil health assessment,
these do not provide guidelines or threshold values for
characterizing and managing soil health with respect to
specific functions.

Soil organic matter exerts a major influence on soil
physical, chemical and biological attributes of soil health
(Table 2). The physical properties most commonly affected
include soil bulk density, aggregate stability and moisture
retention. In general, soil bulk density decreases as the SOM
content increases. A significant correlation between SOM
content and change in bulk density has generally been
reported. Addition of organic amendments is known to
decrease soil bulk density, increase total aggregation and the
proportion of water-stable aggregates (Benbi et al., 1998).
Soil organic matter can influence water retention directly
and indirectly. The direct effect depends on the
morphological structure of the organic materials and
through its effect on reducing evaporation. The indirect
effect arises from its impact on soil aggregation and pore size
distribution, and thus on water holding capacity of soil. The
SOM imparts dark colour to the soil and thus can enhance
soil warming resulting in promotion of temperature-
dependent biological processes such as mineralization of C,
N and S.

The chemical properties that are mainly influenced by
SOM include nutrient availability, exchange capacity of the
soils, reaction with metals and contaminants and its capacity
to act as proton buffer. Nitrogen supplying capacity of soils
is generally related to soil organic C. Each tonne of organic
C in the plough layer is reported to supply 4.7 kg N to wheat
(Benbi and Chand, 2007). Micronutrient availability in soil
has been found to be related to soil organic C content (Benbi
and Brar, 1992). Soil organic matter provides pH buffering
in most surface soils and acts over a wide range of soil pH.
The ability of SOM to adsorb both cations and anions from
the soil solution is important for maintenance of soil quality.
The soil biological properties/processes influenced by SOM
include mineralization, microbial biomass and enzyme
activities. Apparently, SOM influence several soil properties
and processes that determine soil health. Therefore,

maintenance of an optimal level of SOM is essential for
several key soil properties and processes, which are strong
determinants of soil health. It is essential that agro-
ecosystems are managed to increase SOM, which will help
in enhancing soil health and alleviating rising atmospheric
CO  concentration.

(Source: Adapted from Baldock and Nelson, 2001)

Practices that increase organic matter additions to the
soils either through increased productivity or exogenous
supply improve soil fertility and crop productivity.
Increased C input in agro-ecosystems can be achieved by
addition of organic amendments (e.g. animal manure,
compost, sludge, green manure etc.), crop residue recycling,
integrated nutrient management, intensification of
agriculture through improved nutrient and water
management practices, selection of high biomass producing
crops, and adoption of agroforestry systems (Benbi et al.,
2012a; Benbi et al., 2012b). Addition of organic
manures/composts either alone or integrated with chemical
fertilizers results in improved soil aggregation (Benbi et al.,
1998) and greater C sequestration especially in
macroaggregates (Fig.1; Benbi and Senapati, 2010; Sodhi et
al., 2009). Application of organic resources to the soil can

Soil organic carbon: a key indicator of soil quality

Practices for soil health enhancement and carbon
sequestration

2

Table-2 : Soil properties and processes influenced by soil
organic matter

Property Function/Process
Aggregate stability Aggregation of soil particles and

formation of macro-aggregates from
micro-aggregates

Water retention Change in water holding capacity
through increase in water absorption and
modification of pore size distribution

Soil colour Change in soil thermal properties
Exchange capacity Adsorption of cations and anions from

soil solution
Buffering capacity Proton buffer in slightly acidic to alkaline

soils
Source of nutrients Availability of nutrients through

mineralization
Energy source Metabolic energy for biological processes
Microbial biomass Stimulation or inhibition of microbial
activity biomass and activity
Enzyme activity Indication of the oxidative activities of

the soil
Interactions with Retention/ mobilization of metals;
metals and organics alteration of biodegradability and

persistence of organics
Ecosystem resilience Soil organic matter pool and nutrient

availability can enhance the ability of an
ecosystem to recover after  natural or
anthropogenic disturbances
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favourably affect its structure, as denoted by porosity,
aggregation, and bulk density, as well as causing an impact
in terms of content and transmission of water, air and heat,
and soil strength. Results of a number of studies indicate that
green manuring, application of organic manures, and
residue recycling help improve soil physical conditions.
Application of FYM in maize-wheat sequence for 20 years
significantly increased the water transmission and
infiltration rate, water retention, and aggregation and
aggregate stability in water due to increase in SOC content
(Benbi et al., 1998; Table 3).

Besides improving physical properties and organic
carbon content of soil, additions of organic manures supply
essential plant nutrients including micronutrients to crop.
Therefore, application of organic manures along with
chemical fertilizer help maintain balanced nutrient supply,
check micronutrient deficiencies and sustain crop yields at a
higher level. Integrated use of inorganic fertilizers and
organic manures enhances soil quality and production
system sustainability since the application of organic
manures increases the nutrient index, microbial index and
crop index of soils (Kang et al., 2005; Table 4). Since

microorganisms are responsible for a number of nutrient
transformations in the soils, the availability of N, P and S is
particularly dependent upon microbial activity, which in
turn depends on the supply of organic substrates in soil.
Therefore, regular addition of sufficient amounts of organic
materials to the soil is important in the maintenance of
microbiological properties and improvement of soil health.

On-farm recycling of crop residues besides bringing the
much needed organic matter back to the field favourably
impact soil physical, chemical and biological properties.
Long-term experiments on different soil types have shown
that incorporation of crop residues increased organic carbon,
total N and available P and K contents in soil. Incorporation
of crop residues into the soil is also known to improve soil
structure, reduce the bulk density, and increase the porosity
and infiltration rate of soil. This may help reduce adverse
effects of hard pan formation in rice-based cropping
systems, which may play an important role in the following
wheat crop. In addition to physical properties, incorporation
of crop residues increases SOC and total and available
macronutrient status of soil (Table 5; Beri et al., 1992 and
1995). Incorporation of crop residues on long-term basis
have also been found to increase the DTPA-extractable Zn,

Table-3 : Influence of inorganic fertilizers and FYM
application for 20 years in maize-wheat system on soil
organic carbon and some physical properties of surface
soil (0-15 cm)

Fig.1. Influence of rice straw, farmyard manure (FYM)
and fertilizer nitrogen (N) application on carbon
concentration in different sized aggregates at 0-5 cm soil
depth after 7 years of rice-wheat cropping. (adapted
from Benbi and Senapati, 2010)

Table-4 : Soil quality and sustainability indices in several
long-term field experiments under different systems of
nutrient management

Soil property Control NPK NPK + FYM
Organic carbon (%) 0.26 0.30 0.42
Bulk density g cm 1.50 1.50 1.48
Infiltration rate cm h 1.1 1.1 1.6
Saturated conductivity cm h 3.50 3.67 4.43
Water stable aggregates (%) 16.8 19.6 29.2
Dispersion ratio 0.59 0.53 0.50

-3

-1

-1

Treatment Nutrient
index

Microbi
ological
index

Crop
index

Sustainabil
ity index

29-year-old experiment on maize– wheat croppingsystem
Control 0.68 0.86 0.50 0.59
100%NPK 0.92 0.91 0.71 0.93
100%NPK+
FYM

1.25 1.22 1.66 2.43

18-year-long experiment in rice– wheat cropping system
Control 0.73 0.81 0.59 0.65
100%NPK 1.03 0.87 0.93 1.16
FYM+GM 1.24 1.32 1.35 2.20
17-year-old experiment on rice– wheat cropping system
Control 0.84 0.79 0.59 0.70
100%NPK 0.92 0.81 0.95 1.03
50%NPK+
50%N (FYM)

1.32 1.19 1.42 2.24

50%NPK+
50% N (WS)

0.80 0.98 0.51 0.73

50%NPK+
50%N (GM)

1.12 1.22 1.33 1.93

12-yr-old continuous experi. on rice-wheat cropping System
N0 0.75 0.80 0.66 0.70
N120 0.89 0.86 0.69 0.86
WS + GM 0.96 1.05 1.01 1.31
FYM+N75 1.30 1.08 1.20 1.84
FYM+GM 1.10 1.21 1.23 1.80

FYM Farmyard manure, WS wheat straw, GM green manure
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Cu, Fe and Mn content in soils. Since crop residues provide
energy for the growth and activity of soil microbes, marked
increases in soil microbial population and enzyme activity
after the addition of residues have been reported. Soil
amended with crop residues inhabited 2-10 times more
aerobic bacteria and 1.5 to 11 times more fungi than in soil
where residues were either burned or removed. The
activities of dehydrogenase and phosphatase enzymes were
also increased by residue incorporation. Despite its
availability as on-farm production of organic materials in
abundance, farmers do not resort to their effective
utilisation. As per a conservative estimate, in India more than
100 Mt of crop residues, including those of wheat and rice,
are disposed of by burning each year. Burning of crop
residues not only results in loss of organic matter and
nutrients but also causes atmospheric pollution due to the
emission of toxic and greenhouse gases like CO, CO  and
CH  that poses a threat to human and ecosystem health.

Intensive agriculture with improved nutrient and water
management results in enhanced SOC pool due to higher
crop productivity and greater return of crop residues, root
biomass and root exudates to soil. Results of a 25-year study
showed that intensive agriculture with rice-wheat system
resulted in improved SOC (Fig. 2) and favourable pH
environment (Fig. 3; Benbi and Brar, 2009). Results of
several studies have shown that C sequestration is higher
under submerged rice soils as compared to aerobic soils due
to incomplete decomposition of organic materials, and
decreased humification of organic matter under flooded
conditions. Under intensive agriculture, even optimal level
of NPK fail to sustain crop yields due to increasing
secondary and micronutrient deficiencies. For example, the
optimal levels of N, P and K application were unable to
sustain maize yield after 8 years because of Zn deficiency in

maize-wheat-fodder cowpea cropping system (Biswas and
Benbi, 1997). In the absence of Zn application the maize
yield after 21 years declined to about 70%. In NPK treatment
(in the absence of Zn application), the DTPA extractable Zn
declined from 1.14 mg kg-1 at the start of the experiment to
0.46 mg kg-1 after 21 years. Therefore, to sustain crop yields
and maintain soil health under intensive cultivation,
balanced nutrition not only with NPK but also with
micronutrients is required.

Undoubtedly, several management practices lead to C
sequestration and soil health enhancement, the appropriate
practices to improve soil health and C reserves are site-
specific. This will require evaluation and adaptation with
reference to soil type and land use system. Soil organic
matter is the single most important factor that has a
significant effect on soil health. Long-term addition of
farmyard manure in conjunction with optimum amounts of
mineral fertilizers has been found to be most beneficial both

2

4

Table-5 : Effect of crop residue management on soil
fertility of a loamy sand soil over 11 years of the rice-
wheat cropping system at Ludhiana (adapted from Beri
et al., 1992 and 1995)

Fig. 2 Changes in soil organic carbon (SOC) during the
25-year period, viz. 1981/82 to 2005/06 in soils of

Punjab. (adapted from Benbi and Brar, 2009)

Fig. 3 Changes in soil pH during the 25-year period,
viz. 1981/82 to 2005/06 in soils of Punjab. (adapted

from Benbi and Brar, 2009)

Nutrient Crop residue management
Burned Removed Incorporated

Organic carbon (%) 0.43 0.38 0.47
Total N (%) 0.055 0.051 0.056
Total P (mg kg ) 390 420 612
Total K (g kg ) 17.1 15.4 18.1
Olsen P (mg kg ) 14.4 17.2 20.5
Available K (mg kg ) 58 45 52
Available S (mg kg ) 34 55 61
Bacteria (x10 ) 15.3 2.8 30.7
Fungi (x10 ) 60 10 109
Phosphatase activity 125 135 175
Dehydrogenase activity 36 33 52

-1

-1

-1

-1

-1

6
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from bio-physical and economic point of view. The crop
removal of nutrients is presently well above additions
resulting in continuous depletion of soil fertility. The gap
between removal and addition of fertilizers is ~ 9-10 million
tons. The situation demands the need for tapping the
alternative sources of nutrients such as organic manures,
agro-industrial wastes and crop residues. In addition to
primary nutrients, organic manures also offer a good source
of the secondary and micronutrients. But the availability of
organic sources is limited and these alone cannot meet the
nutrient requirements of modern high yielding crops.
Therefore, integrated management of organic sources and
inorganic fertilizers is required to optimize nutrient supply
and maintain soil health. Integrated nutrient management
results in improved SOM, better soil physical conditions,
arresting the emerging micro- and macro-nutrient
deficiencies and soil health enhancement.
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1.01. Soil Health

1.02. Nutrients Requiremnt for Crop Production

1.03. Soil Microbes

The health of soil is a primary concern to farmers and
the global community whose livelihood depends on well
managed agriculture.

Environment minister GOI on June 18, 2014 informed
that about a quarter of India's land is turning to desert and
degradation of agricultural areas is becoming a severe
problem, potentially threatening food security. (Times of
India, New Delhi) In the beginning of the century, deserts
were spread over 20% of the earth, but now they cover more
than 30% and are increasing rapidly.

The green revolution accomplished with chemical or
industrial revolution have been speeded up to produce food
and raw materials for population and industries. However
nothing effective has been done to replace the loss of fertility
in the process. Therefore the consequences involved has
been disastrous.

Until recently many researchers defined soil quality
primarily in chemical and physical terms, but soil
encompasses three basic components i.e. biological,
chemical and physical properties, while soil health
determined primarily by ecological characteristics (Karlen
et.al. 1997)

Soil is to be considered a living system, not an invert
bowl for unloading chemicals. However, the process of
chemical farming have killed most of macro and micro
organism of the soils and created dead soils.

There are large number of evidences available to show
that agrochemical based high input agriculture is not
sustainable for long periods due to gradual decline in factor
of productivity with adverse impact on soil health and
quality (Mangla Rai 2009)

If a soil is dead then it would be impossible to produce
plants without fertilizers and requirement of fertilizers will
go on increasing. The study of Warlis, a group of tribal
communities approximately 70 kms from the metropolis of
Mumbai revealed that if they use synthetic fertilizers, then
they will get a good crop in the first year of use but in
subsequent years the yield will go down and they will need
increasing amount of it. The belief of tribes proved true with
following observations.

The studies showed that in early years of green
revolution nearly 1 kg NP&K was required to produce 16 kg
of food grain, now in 2010-2011 1 kg of NP&K producing 6
kg of food grains. Therefore it can be said that now a days to
produce same amount of food grains, the requirement of
nutrient have increased about three times. At the same time
additional requirement of micronutrients especially zinc and
sulphur have become essential.

The data published by FAO corporate document
repository on fertility of Indian Soils indicates facts as per
table-1

The data clearly revealed that most Indian soils are low
in Nitrogen, low to medium in Phosphate and even 50% are
low to medium in Potassium. As regards micronutrients soils
are low to medium in Sulphur, deficient in Zinc and Boron.
To overcome the deficiency of nutrients it is generally
recommended to apply heavy doses of fertilizers. It is
interesting to note that Liebig was the founder of chemical
theory of nutrients, when realised the ill effects of chemicals
he himself tried to stop it, but could not do so, because by that
time big companies had already developed their interested in
the production of chemicals. This is happening in India now.

By use of chemical fertilizers and pesticides, the soils
have converted into dead mass. The dead soil cannot give life
to living plants. The microbes give life to soil. The
population and functions of micro-organisms cannot be over
looked while considering the soil health, because micro
organisms provide living environment to the soil, make it
alive and perform various functions like transformation of
nutrients to usable form. Plant can assimilate only oxidised
form of certain elements. For instance, Nitrogen is not
assimilated by plants as Ammonia but as Nitrate, Sulphur as
Sulphate and Phosphorus as Phosphate. These

Table- 1: Fertility Status of Indian Soil

Organic Farming System: Key to Soil Health - A Study

Ex-Director (Agriculture)
Email: kaushalgs43@gmail.com

G.S. Kaushal

Nutrient No. of Category (%)
Soil Samples L M H

N 36,50,004 63 26 11
P 36,50,004 42 38 20
K 36,50,004 13 37 50
S 27,000 40 35 25
Z 2,51,660 49 deficient
B 36,825 33 deficient
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transformations are done by microbes. Other elements
which are not soluble in oxidised form are transformed by
microbes through a process known as chelation into forms
which are assailable by plants. For the process Oxygen is
needed and only fauna can bring Oxygen into the soil. The
organic matter serves food for fauna. The micro-organism
also helps in decomposition of bio-degradable residues,
biochemical activities and soil enzymatic activities (Sailen
Ghosh 2009).

Organic system indicates higher levels of microbial
activity then the conventional system. One tea-spoon of
compost rich organic soil has 600 million to 1 billion helpful
bacteria from 15000 species. On the contrary one tea-spoon
of chemically treated soil can host as few as 100 bacteria.
(Elaine R. Ingham 2007)

The forgiving description on few aspects of soil has
been presented to understand soil health aspects. By now it is
clear that soil health can be improved by adopting organic
system of cultivation. The details of system are presented in
following discussion.

 The organic farming as a production system which
avoids or largely excludes the use of synthetically
compounded fertilizers, pesticides, growth regulator and
livestock additives. Naturally organic farming system relies
on crop rotation, crop residues, animal manures, legumes,
green manures, off- farm organic wastes and the aspects of
biological control to maintain soil productivity and tilth to
supply plant nutrients and to control insects, weeds and other
pests.

 Organic farming is a system of farm design and
management practices that seeks to create eco-system,
which achieve sustainable productivity and provide weed
and pest control through a diverse mix of mutually
dependant life forms, recycling of plant and animal residue,
cropping pattern and crop rotation, water management,
tillage and cultivation. Soil fertility is maintained and
enhanced by a system, which optimises soil biological
activities as the means to provide balanced nutrient supply
for plant growth. It is clear from the above definitions that
organic farming system takes care of all aspects of soil health.

The importance of organic matter in farming is known
since ancient times and finds mention in ancient Hindu
religious scriptures (Rig Veda 1, 161,10 2500-1500 BC,,
Atharva Veda II 8.3)

Rai Bahadur B. Vishwanath (1937) mentioned that
organic manure is the life of soil and if neglected the fertility
of the soil would not be maintained

Sir Albert Howard (1940) believed that a shift from
nature's method of crop production to adoption of newer
methods lead to loss of soil fertility.

The Indian traditional agricultural system has proved
itself sustainable. Many of the practices developed centuries
ago by farmers themselves, not by agricultural experts are
still in use today. More important is the culture that
promoted such farmer experimentation still exists in spite of
the pressure of the Western system to destroy it.

The most important characteristic of traditional
agriculture was that there was little waste: no polluting
dung-mountains, no burning of straws and no wastes from
polluting village industries. Almost all the nutrients that
were harvested and exported- in the grain, the straw and any
other crop residue were returned to the micro-region itself
directly or indirectly sooner or later (Tending the earth P
198-199).

The traditional Indian farming was mainly the best
model of mix farming system. Under the system animal and
farming was inter related. The waste from animals used in
agriculture and similarly grains from crop consume by
population and straws by the animals.

It is always debated whether entire requirement of crop
can be met out from organic sources. In this respect it is to
clarify that organic manure consists of 30-40 elements of
minute strength, which are needed by the plants. On the
contrary chemical fertilizers contain one, two or three in
high concentrations in the form of compounds subject to
leaching, evaporation and fixation.

A four year study by the International Assessment of
Agriculture Science and Technology found that organic
agriculture helps in protecting soils and conserving wild life.
The study represents work of over 400 scientists and 30 govt
and NGOs (http://www.agassessment.org).

A nine year study by USDA Agriculture Research
Services (ARS) at Belt Ville MD has shown that organic
farming can built up Soil Organic Matter (SOM) better than
conventional non till farming. (http:www.ars.usda.gov/is/
AR/archive/Jul07/ Soilo 707.htm?PF=1)

The Long Term Agriculture Research (LTAR) shows
greater yield, increase profitability and steady improved soil
quality in organic over conventional rotations in grain based
cropping system.(Leopold Letter, scammer 2007)

A 1987 study that compared adjoining and chemically
treated wheat fields in Washington State found that organic
fields had eight more inches of top soils as compared to
nearby chemical field and 1/3 of soil erosion loss (Donella
H. Meadows 2000).

2.01. Organic Farming System

2.02. History of Organic Farming

2.03. Soil Health Improvement under Organic System
USDA:

FAO/WHO:
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A study at IOWA State University and long term Agro
ecological research from 2002-2010, indicated that soil
under organic plots have more total organic carbon, higher
phosphorous, potassium and calcium concentration and
lower acidity as compared to conventional system. The soil
organic carbon, total nitrogen, and extractable potassium
and calcium were 5.7, 9.5, 14.2 and 10.8 % higher in organic
soils respectively. (Jean Casper Summit)

Soil properties related to biologically active organic
matter were 40% higher in organic soils. In general organic
soils are showing enhanced soil function, greater nutrient
use efficiency.

In India, the Net Work Project on Organic Farming
under Project Directorate for Farming System Research
(ICAR) is in progress at Modipuram, Jabalpur, Coimbatore,
Calicut, Dharwad, karjat, Ludhiana, Bijapura, Pantnagar,
Ranchi and Umiam. The analytical data at all these places
(consolidated 2004-2011) indicated that inorganic system
deteriorated soil by reducing organic carbon. The details of
result obtained from above 13 centers are presented in
appendix I:

The data presented in appendix 1 clearly indicates that
almost in all the cases soil organic carbon macro and micro
nutrients increases as compared to initial levels under
organic system of cultivation. In fact, large number of data is
available on the subject. It is difficult to present all over here,
hence some selected cases are presented from the country
and other part of the world.

The maintenance of soil fertility is the condition of any
permanent system of agriculture. The data and observations
presented in previous paras have demonstrated the process.

Study under Dr. R.L. Riccharia Fellowship "Traditional
Farming Conversion and Validation" (2008-2012) was
conducted in Madhya Pradesh by author. The soil samples
from organic farming system fields and chemical farming
system were collected and got analysed from Soil Science
Department (JNKVV) for Macro and Micro nutrients and
Soil Microbial Biomass Carbon (SMBC). The analytical
data on macro and micro nutrients are presented in Appendix
II. The data clearly indicates higher nutrition status under
organic input system fields. The findings are summarized as
follows:-

The nitrogen status is generally calculated with
reference to organic carbon contain. The organic carbon
contain of soils from organic soil system varied from 0.57 to
0.92 % i.e. medium to high.

It is observed from figure A that out of twelve samples,
four (33.33%) samples have medium and remaining eight
(66.67 %) samples contained high amount of organic
carbon. While in case of soils from chemically fertilizer
treated fields have low to medium amount of organic carbon
i.e. 0.37 to 0.69%. Out of six samples three (50%) samples
have low and remaining three (50%) contained medium
amount of organic carbon.

In general soils of Madhya Pradesh consider to be low
in the available nitrogen i.e. less than 280 kg/ha. The
available nitrogen in case of organic nutrient input system
varied from 207 to 318 per ha. In case of chemical nutrient
system, it varied from 161 to 251 kg per ha. (figure -B)

It is clear from figure-B that under organic soil system
04 samples (33.33%) have low amount of available nitrogen
while remaining 08 samples ( 66.66%) have medium
amount (269 to 320 g/ha.) However in case of chemical
nutrient input system all samples) have low amount of
available nitrogen i.e. 161 to 251 kg/ha.

As regard available phosphorus, the amount varied
from 8.2 kg to 37.1 kg/ha. i.e. low to high in soil from organic
soil system(figure-C).

3.00. Organic Way to Conserve Soil Health

3.01.  Organic Carbon

3.02 Available Nitrogen

3.03 Available Phosphorus

Figure -A : Organic Carbon (%)

Figure-B Available Nitrogen (kg/ha)
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Figure-C Available Phosphorus (kg/ha)

Figure -D Available Potassium (kg/ha)

Table-2 :  Bacterial Counts under Various Nutrient
System

It is worth noting that under organic nutrient input
system only one sample (8.33%) have low, five (41.66%)
medium and remaining six (50%) contained high amount of
phosphorus. However in case of soils from chemical nutrient
input system, available phosphorus varied from 7.7 to 25.9
kg/ha. It is worth noting that only one sample have (16.33%)
high amount while another one medium (16.33%) and
remaining four (66.66%) samples have low amount of
available phosphorus in case of chemical nutrient input
system.

In general soils of Madhya Pradesh considered to have
high amount of available potassium i.e. more than 240kg/ha.

The available potassium in chemical nutrient system
varied from 221 to 308 kg/ha.(Figure-D) It is obvious from
data that 02 samples (33.33%) from chemical fertilizer fields
contained high amount of potassium i.e.( 298&308) kg/ha.
while remaining 04 samples (66.66%) contained medium
amount (221to251 kg/ha.) of potassium. In case of soils
from organically cultivated fields available potassium varied
from 225 to 641 kg/ha. It is further observed that except 04
samples rest 08 samples have high  amount of available
potassium. In 04 samples (33.33%) the available potassium
contain was 225to260 kg/ha. (medium category). Rest of the
08 samples (66.66%) contained 312 to 641 kg/ha. (high to
very high) of available potassium.

It is obvious from above description that 66.66,50.00
and66.66 soils from organic fields  have high amount of
organic carbon, phosphorus and potassium respectively. It is
noteworthy that under chemical soil system limited
percentage of samples i.e. nitrogen nil, available phosphorus
16.33 and available potassium 33.33 have high amount of
nutrient. The data clearly indicates that soils under organic
soil system have higher fertility status as compared to
chemically treated fields. . It is therefore recommended that
for improving soil fertility status organic system of
cultivation must be adopted.

 Collected samples were also got analyses for
micronutrient i.e. Zn, Cu,Fe,Mn and sulphur. In soils of
Madhya Pradesh Zn is supposed to be the critical
micronutrient.  The amount of Zinc in soils from organic
nutrient input system varied from 0.71 to 5.94 mg/kg. only
04 samples (33.33%) have less than 1mg/kg and rest 08
samples (66.66%) have more than 1mg/kg of Zinc. While in
case of soils from chemically treated fields 04 (66.66%)
have less than, 1 mg/kg of Zinc. Hence it can be concluded
that soils from organically nutrient input fields have higher
amount of Zinc as compared to chemically treated one. As
regard other micronutrient soils under both the system did
not differ much.

The soil is a living system that supports extremely
diverse communities of micro and macro organisms. The
continued functioning of soil ecosystem is essential for soil
sustainability and productivity.

Four soil samples from different treatment plots i.e.
chemical fertilizer, vermicompost, Biogas slurry and
general field were collected from Obedullaganj centre of
Madhya Pradesh council of science and technology fields
and got analysed by Prof. B.N. Johri, (Acharya P.C.Ray
fellow M.P.C.S.T.) The culturable bacterial population
counts (log CFU/g) were found as per table- 2.

The analytical data revealed highest bacterial
population in Biogas slurry treated soil followed by
vermicompost. However the bacterial population counts
obtained from conventional field were lowest. Overall 23
bacterial morphotypes were gram negative and remaining 18

3.04 Available Potassium

3.05. Micro Nutrients

4.0 Living Soil - Bacterial Population

Source Bacterial counts
Biogas slurry 5.93x10  CFU/g
Vermicompost Next to Biogas slurry
Chemical fertilized 4.45x10  CFU/g
Conventional field 1.73x10

7

6

6

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

52JNKVV, Jabalpur (M.P.)



were Gram positive. The population of Gram negative
bacteria was high from conventional field, vermicompost
and Biogas slurry fields. Furthermore bacterial diversity
were highest from vermicompost fed soil (H'=1.825) and
lowest from conventional field (H'=1.081). The population
of both Gram positive as well as Gram Negative bacteria was
highest from vermicompost treated soil. It is also observed
that phosphate solubilizers and siderophore were more from
vermicompost fed soil. The data clearly indicate that soil
under various organic manure treatment were living one as
compared to chemically treated one. The finding of
Obedullaganj centre and analyisis of samples by prof. Johari
were confirmed by soil science division of JNKVV. Large
number of samples from experimental plots and cultivators
fields were collected and got analysed for Soil Microbial
Biomass Carbon (SMBC) content. The samples were
collected from fields treated with chemical fertilizer, organic
manure like vermicompost, Nadep compost, Biogas slurry,
FYM, Ghan Jeevamrut and liquid organic manure,
Jeevamrut and used for growing Paddy, Soybean.
Sugarcane, Groundnut and organic (Orchard). The
analytical results are present in Appendix III

It is evident from Appendix III and figure E  that lowest
amount of SMBC found in chemically grown sugarcane 70
Ug  soil followed by soybean (91 ugg  soil) and paddy (91 &
115 ug g  soil).

The highest amount of SMBC were found in Biogas
slurry treated paddy field (174 ugg  soil), vermicompost
paddy field (176,172 & 170 ugg soil, vermicompost treated
soybean plot (153 ugg  soil) paddy plot (153 ugg  soil)
Organic manure FYM and Ghan Jeevamrut treated fields of
Groundnut and organic (orchard) were having lowest
amount of SMBC i.e. 113 & 108 (ugg  soil). The lower
amount of SMBC in FYM and Ghan Jeevamrut treated soils
may be due methods of preparation. Specially Ghan
Jeevamrut is prepared by drying Jeevamrut in sun. In the
processes of drying large number of bacteria become
inactive. The finding clearly revealed that organic manure,

Biogas slurry and Vermicompost are the best source for
increasing SMBC. The chemical fertilizer decreases SMBC.
It is therefore recommended that vermicompost and Biogas
slurry may be used as organic manure under organic farming
system and use of chemical fertilizer be discourage.

It is clear from the discussion and data presented that for
sustainable agriculture and developed healthy soil, the
organic farming system food forth the favorable atmosphere.
There is lot of debate and myths regarding availability of
biomass to meet out the requirement of organic farming and
food security of the country. Even one learnet scientist made
the statement that convergence of land utility pattern to
100% organic farming would be suicidal. I would like to
assured the august gathering that organic farming is a system
of cultivation in which, with Biodegradable material other
means i.e. crop rotation, green manuring, biofertilizer,
Agnihotra, Biodynamic technology play important role.
Once it was estimated that 7000 million metric tones organic
waste including farm waste, kitchen waste are produced
yearly. Organic waste available in India are estimated to
supply about 7.1, 3.0 and 7.6 million metric tons of N, P  O ,
K O respectively (Tiwari 2002). Hence there would not be
any shortage of biodegradable waste to meet out crop
requirement. There are ample evidence available which have
shown that organic farming system produces comparative or
higher yields than conventional crops. Further more number
of studies have shown that in year of drought, organic system
actually out produce conventional system, Therefore the
food security of the country will be maintain.

Claude Alvares (2009) The Organic Farming Source Book-
Other India Press Goa, Mapusa Goa.

Claude Bourquionon (2009) Soil, Biology and Working
With Plants. The  Organic Farming source book
(2009) pp 96-104

Elaine R Inghom 2007, Soil Scientist Oregon State
University as quoted by Donella H Meadows "Our
Food Our Future" Organic Garden Sept-Oct 2007

 FAO  corporate document repository on fertility of Indian
Soils produced by Agriculture and Consumer
Protection  www.FAO.org/docrep/009/a0257e02htm

FIBL Dossier- August 2000: Organic farming enhances soil
fertility and biodiversity

Karlen et.al (1997) as quoted by A H C Von Bruggen, A M
Somenov in search of biological indicators for soil
health and disease suppression. Applied Soil
Ecology 15 (2000) 13-24
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Figure -E- Soil Microbial Biomass Carbon in Chemical
and organic Soils. SMBC  (µg g  soil)-1

Conclusion
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Appendix I - Results of Net Work Project on Organic Farming

% Increase in nutrient content under organic input system
Name of the centre OC AvN AvP AvK2O Mn Zn Cu Fe

Modipuram 54.6 -11.6 9.2 --- 167.0 154.0 137.0 267.0
Jabalpur 8.6 6.4 1.6 5.7 60.0 77.0 84.0 96.0
Coimbatore 6.8 3.4 8.1 --- 8.9 15.9 12.7 5.0
Calicut -4.2 -35.50 67.9 --- --- 52.9 209.0 ---
Raipur 5.3 6.3 2.1 2.1 --- --- --- ---
Dharwad 8.0 14.10 18.5 --- --- 20.2 --- 18.7
Karjat 8.2 -3.7 -12.4 decreased --- --- --- ---
Ludhiana 67.6 decreased 3.6 2.6 --- --- --- ---
Bijapura 35.6 70.5 -21.5 --- 3 times

increase
2 times
increase

6 times
increase

2 times
increase

Bhopal 17.0 16.9 75.8 --- --- --- --- ---
Pantnagar 32.0 45.6 --- --- --- 9.5 --- 1.3
Ranchi 1.4 PA 1.0 25.2 --- --- --- --- ---
Umiam 1.5

times
21.5 37.5 --- marginal marginal --- marginal

Appendix- II - Soil fertility status under organic and chemical system of cultivation

Name & Place pH
EC

(ds m-1)
OC
(%)

Av.
N

Av.
P

Av.
K

Zn Cu Fe Mn S

(kg ha-1) (mg/kg)

A. Organic System of Cultivation
Plot no. 1
(Powarkheda) dist H'Bad

7.03 0.13 0.79 307 30.2 641 1.12 2.03 10.08 4.99 23.4

Plot no. 2 Powarkheda dist.
H'bad

6.34 0.18 0.65 236 12.5 345 0.58 2.04 16.26 12.45 7.4

Plot No 03 Powarkheda dist
H'Bad

7.11 0.19 0.92 312 34.9 376 1.77 2.94 13.23 6.06 10.6

Plot no. 4 Powarkheda
dist. H'Bad

6.05 0.09 0.72 269 34.9 453 1.15 3.09 20.74 7.79 30.0

Plot no. 5 Powarkheda dist.
H'Bad

7.08 0.35 0.89 320 37.1 618 3.04 6.24 15.26 6.32 18.2

Plot no. 6 Powarkheda dist
H'Bad

7.10 0.13 0.82 306 14.6 260 1.24 3.53 24.56 12.89 11.6

Plot no 11 Barmandel dist.
Dhar

6.29 0.18 0.60 236 23.3 503 1.02 5.04 7.42 12.04 21.9

Plot no 12 Barmandel dist.
Dhar

7.13 0.14 0.57 207 8.2 256 0.71 1.02 7.65 5.40 19.3

Plot -1V Tihari Katni 6.42 0.14 0.93 312 11.2 232 0.98 3.19 18.26 14.53 26.3
Plot no. 4 Tihari Katni 7.10 0.12 0.91 318 25.0 418 5.94 6.91 23.52 9.39 17.6
Plot no. 8 V Tihari Katni 7.20 0.13 0.78 296 14.3 225 1.03 1.60 6.90 6.94 10.8
plot no 10 Babai dist H'Bad 6.14 0.12 0.81 278 32.4 312 0.76 2.35 14.38 14.92 11.8

B. Chemical System of Cultivation
Plot No. 8 GTC Powarkheda
dist H'Bad

7.10 0.15 0.48 201 25.9 251 2.53 1.41 27.76 13.60 8.2

plot no. 9 Powarkheda dist
H'Bad

7.13 0.10 0.61 251 7.7 298 0.99 1.19 5.42 15.45 17.6

plot no. 17 Katni 7.15 0.13 0.61 250 6.9 221 0.55 1.18 9.59 5.05 25.5
plot no. 8 Katni 7.17 0.16 0.48 198 9.5 245 0.51 1.05 7.82 5.17 23.4
Plot No 09 Babai dist H'Bad 6.12 0.14 0.69 238 18.1 248 1.37 1.56 26.25 17.41 17.3
Patna Bujurg dist Katni 7.12 0.12 0.37 161 8.6 308 0.65 1.06 7.89 4.67 12.7
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Appendix III- Soil Microbial Biomass Carbon (SMBC) under various nutrient systemp

A. Organic

S.No. Sample No. Crop Organic Manure
Used

Chemical
Fertilizer

SMBC
(µg g-1 soil)

01 Plot no. 1
(Powarkheda) dist H'Bad

Paddy PS-05 Biogas slurry Nil 170

02 Plot No.02
Powarkheda dist Hoshangabad

Paddy PS-05 Biogas Slurry Nil 123

03 Plot No.03
PowarKheda dist Hoshangabad

Paddy PS-05 Biogas Slurry Nil 174

04 Plot No. 04
PowarKheda dist Hoshangabad

Paddy PS-05 Nadep Compost Nil 136

05 Plot No. 05
PowarKheda dist Hoshangabad

Paddy PS-05 Vermicompost
Vermiwash

Nil 170

06 Plot No. 06
Powarkheda dist Hoshangabad

Soybean JS
95-60

Vermi compost Nil 153

07 Plot No 11 Reti Khodara Barmandal
Dist. Dhar

Ground nut Ghan Jeevamrut
Jeevamrut

Nil 113

08 Plot no 12 Khatpala
Barmandal. Dist. Dhar

Orange Ghan Jeevamrut
Jeevamrut

Nil 108

09 Plot No. 1V
Tihari Katni

Paddy Vermicompost Nil 176

10 Plot No. 04
Tihari Katni

Paddy Vermicompost Nil 172

11 Plot No. 8V
Tihari Katni

Paddy Vermicompost Nil 147

12 Plot No. 10
Babai Farm dist H'Bad

Paddy PS-04 FYM Soil
Jeeva Mrut 3 times

Nil 153

B. Chemical
I Plot No 08 GTC Powarkheda dist.

H'bad
Soybean Nil NPK

20/80/20
91

II Plot No. 09 Powarkheda dist. H'bad Paddy PS-05 Nil NPK
120/60/40

115

III Plot No 17 Katni Paddy Kranti Nil Chemical fertlizer 115

IV Plot No. 08 Katni Paddy PS-04 Nil Chemical
fertlizer

91

V Plot No 09 Babai dist. H'bad Paddy PS-04 FYM DAP, Urea
K O2

125

VI Patna Bujurg dist Sagar Sugarcane Nil Full dose of
fertilizer

70
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Abstract Introduction

Research findings are often not adopted by farmers, for
which many reasons have been suggested including poor
communication between researchers and farmers. Mother -
Baby trials, involving on-farm participation to introduce and
test technology options, was used to evaluate possible
nutrient management technologies in a soybean - wheat
system on Vertisols deficient in N, P, S and Zn in Madhya
Pradesh, India. Seven treatments were tested in four Mother
trials in 2005-06 and 2006-07 on farmers' fields of soybean
(monsoon season) and wheat (rabi season) in the Rajgarh
and Bhopal districts. In soybean, Balanced Fertilization
(BF) with recommended rates (kg ha ) of 25 N, 26 P, 17 K,
20 S, and 5 Zn as inorganic fertilizers and Integrated
Nutrient Management (INM2) (50% of the recommended
inorganic fertilizer + 5 t farmyard manure (FYM) ha  + seed
inoculation with Rhizobium) increased seed yield by ca. 26
% over the farmers' practice (FP). In wheat, BF (120 N, 26 P,
17 K, and 20 S kg ha  and INM2 (75 % of the recommended
inorganic fertilizer + P-solubilizing bacteria) increased
grain yield by ca. 17 % over the FP treatment. Two sets of >
90 Baby trials conducted by farmers in 2007-08 and 2009-10
in 10 villages showed the benefits of these two promising
technologies. In poorer-yielding fields of soybean (seed
yield < 1 t ha ), there was no benefit of applying fertilizers.
In contrast, INM2 increased grain yield by 48% over the FP
treatments in fields with fewer limitations. In 2007-08,
wheat responded well to INM2 in fields irrigated 3 to 4 times
but not in those where irrigation was limited. Field days
conducted in 2007-08 helped the farmers understand the
importance of timely control of weeds and insect pests in
soybean, and almost all 98 farmers produced higher soybean
seed yield over the farmers' practice with BF and INM2
during 2009-10.  In this season with timely winter rainfall,
almost all farmers at all levels of wheat production obtained
good responses to BF and INM2 of 44 and 28%. The
involvement of farmers from the outset proved valuable in
the adoption of improved nutrient management technologies
for higher productivity of the soybean-wheat system, and
farmers became aware that higher yields through better
nutrient managements are achieved with proper weed and
insect pest management in soybean and adequate irrigation
in wheat.

Many agricultural technologies have been developed by
researchers worldwide, but these technologies have not been
adopted by farmers in many instances. Many reasons,
including poor communication of results along with high
costs and other socio-economic constraints, have been put
forward for poor uptake  resulting in a yield gap at local,
regional, and global levels. One way that has been shown to
improve adoption of technologies is the involvement of
farmers throughout the development process, from the
initial inclusion and testing of treatments through to
experimentation by farmers themselves. It is important also
that researchers remain involved with the same network of
partners.

The semi-arid tropical regions of India cover 73 Mha of
Vertisols and associated soils. In Madhya Pradesh, Vertisols
are dominant soils which occupied 19.3 Mha out of total
geographical area of  44.3 Mha. These soils derived from
basalt of Deccan trap with clay content varied from 30 to
60%. The CEC of these soils varied from 30 - 55 cmol (p+)
kg . Smectite is the dominant clay mineral. Organic C
content of soils varied from 3 to 7g kg . Deficiencies of N, P,
S, and Zn are common due to intensive cropping (Tomer et
al., 1995).  Field Surveys conducted in 40 districts of
Madhya Pradesh revealed that Most Probable Numbers
(MBN) of rhizobia in all districts were mostly below 100
cells g  in surface soil (range 9-162, mean 72±7 cells g )
which was found to be much below the threshold for
optimum nodulation and reinforced the need to practice
regular inoculation. Inoculation of rhizobial strains isolated
from good nodulation areas increased soybean yield by 22%
over un-inoculated control on farmers' fields (Raut et al.,
2008).

Smallholder farmers in countries such as India face a
soil fertility crisis. Soil surveys in semi-arid regions have
consistently shown multi-nutrient (N, P, K, S and Zn)
deficiencies due to continuous cropping with limited use of
nutrient inputs. This results in long-term land degradation,
but it is likely that the technologies currently available are a
poor fit with resources available to farmers or do not comply
with their investment priorities and attitudes to risk. The
involvement of farmers in research activities may help to
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develop technologies that are better suited to smallholder
conditions; hence, they may be more readily adopted.

The Mother-Baby Trial (MBT) approach uses on-farm
participation to introduce and test a range of technology
options suited to a heterogeneous community (Snapp,
2002). The MBT approach involves three levels, described
as (i) Mother trials, (ii) Baby trials, and (iii) farmer
experimentation. Mother trials are those conducted on a
limited number of farmers' fields where a large number of
nutrient management interventions may be tested with
appropriate replication. Mother trials are designed and
managed in collaboration among researchers, advisers, and
farmers. Baby trials are not replicated at each site, but are
conducted on a large number of farmers' fields with a limited
number (usually 2 or 3) of the successful management
interventions identified in the Mother trials. Baby trials are
designed collaboratively by researchers, advisers, and
farmers; importantly, the trials are managed by the farmers
themselves. This approach serves multiple functions of: (i)
generating data on the performance of alternative
technologies; (ii) encouraging a dialogue between farmers,
advisers, and researchers from the outset, and (iii)
encouraging subsequent experimentation by the farmers.
The approach can be used to help characterize farmers' risk
management strategies, target technology to specific
groups, and broaden the adoption of sustainable practices.

From the beginning of this study, it was regarded as
important to involve farmers, staff of BAIF Research
Foundation (a Non-Government Organization working to
improve the socio-economic status of people in rural areas),
and agricultural researchers. It is insightful that a farmer in
Malawi, where this approach was initiated, first used the
term "mother and baby" (Snapp, 2002).

Field experiments conducted at IISS have shown that
soybean production is limited by low levels of N, P, S, and
Zn, and that overcoming these deficiencies increases seed
yield to  2 t ha . These findings have led to recommended
inorganic fertilizer rates, known as Balanced Fertilization
(BF). There is a shortage of FYM in Madhya Pradesh, and
that which is available is low in nutrients, with
approximately 0.76 % N, 0.22 % P, 0.69% K, 0.27 % S, and
11 mg Zn kg . Where FYM is available, it is recommended
that 5 t FYM ha  be applied to soybean with reduced rates of
inorganic fertilizers.

An initial project was conducted in 2000-02, prior to the
study reported here, that involved baseline surveys to
understand farmers' crop management practices. Despite
poor fertility of soils, the majority of farmers in Madhya
Pradesh under-fertilized their crops, resulting in annual

negative nutrient balances of 0.3 Mt N, 0.06 Mt P, and 0.9 Mt
K. It was estimated that about 50 Mt of FYM is produced
annually in Madhya Pradesh which could supply 0.4 Mt N,
0.1 Mt P and 0.3 Mt K. Moreover, all of the farmers surveyed
believed that FYM improved their soil's physical condition,
thereby increasing crop yield. In the case of the soybean,
farmers felt that the application of recommended rates of all
deficient nutrients is risky because the crop is susceptible to
pests and diseases and to waterlogging. Farmers are not able
to predict the incidence of pests and diseases but this notion
can be changed by popularizing pest and weed management
strategies along with improved nutrient management
practices.  In the case of wheat, even farmers who are able to
irrigate 3-4 times post-emergence under-fertilize the crop
mainly due to lack of knowledge of the potential yield of
varieties with the best management practices.

Discussions were held between researchers, social
scientists, and farmers in the villages of Geelakhedi, and
Mughaliahat, approximately 30 and 55 km apart from
Bhopal in Madhya Pradesh. These discussions led to the
choice of four sites on which to conduct Mother trials during
two seasons, 2005-06 and 2006-07, on the same plots of
farmers' fields near these villages. (Severe waterlogging of
the soybean seedlings at Site 1 in 2006-07 resulted in no crop
being harvested in this season.) The vertisols at the four sites
were low in organic C and in available N, P, S and Zn, but
high in available K. The average nutrient status in soils was
0.49% organic C, 175 kg ha  available N, 9.2 kg ha
available P, 8 mg kg  available S, 0.45 mg kg  available Zn
and 375 kg ha  available K (Table 1). Soybean cv. JS 335 was
grown in summer (monsoon or kharif season), and wheat cv.
Lok-1 in winter (rabi season).

Seven treatments (T1 to T7), each with three
replications, were studied in each Mother trial (Table 2). The
BF treatment (T1) in soybean tested the recommended rates
(kg ha ) of 25 N, 26 P, 17 K, 20 S, and 5 Zn as inorganic
fertilizer. The inorganic fertilizers used were urea,
diammonium phosphate (DAP), muriate of potash (KCl),
gypsum, and zinc sulfate. The INM1 treatment (T2)
involved the application of 50 % of the inorganic fertilizer
rates in T1 plus 5 t FYM ha . The same nutrients rates were
used in T3 (INM2) as in T2 plus a seed dressing of 750 g

 inoculum per 75 kg seed which is sufficient to
plant 1 ha. The FP treatment (T4) involved the application of
12 kg N and 13 kg P ha  plus the nutrients in 2 t FYM ha .
The recommended rates of K, S, and Zn were applied in T5
(as in T1) plus 50 % of the recommended N rate, 75 % of the
recommended P rate plus  inoculation and
phosphate-solubilizing bacteria (PSB) (3 kg culture ha
applied as a soil treatment). Two organic treatments (T6 and
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T7) tested the effects of 5 t FYM ha , with T6 also including
 inoculation and PSB.

The same treatment designations (T1 - T7) were used in
the wheat crop that followed on the same plots but with
different rates of nutrients (Table 2). The recommended rates
in T1 were (kg ha ) 120 N, 26 P, 17 K, and 20 S of inorganic
fertilizer; 75 % of these rates in T2; T3 was the same as T2
plus PSB; T4 was the FP treatment (80 kg N ha  and 23 kg P
ha ); T5 was the same as T3 plus  (applied in the
same manner as PSB); and T6 and T7 used 8 t FYM ha , with
T6 also including PSB and . There was less
emphasis on testing the effects of FYM because the wheat
crop is planted as soon as possible after harvesting soybean
to best utilize residual soil moisture. Furthermore, farmers
generally use the FYM available to them during the dry
season prior to the arrival of the monsoon (i.e. before
planting the soybean crop).

Farmers, advisers, and researchers discussed the results
of these Mother trials at the end of each season, with special
emphasis on their possible suitability for adoption by
farmers. It was decided to test two improved nutrient
management treatments, T1 (BF) and T3 (INM2), along
with the FP treatment (T4) in the Baby trials to be conducted
by the farmers.

For many years, agriculturalists have involved farmers
in a contractual way to assess new technologies providing
valuable information over a wider area than is possible at
institutional sites alone. However, these contracts have often
left farmers sidelined, and there has been little acceptance of
experimental results by the wider community. To overcome
this problem, Snapp [12] described the approach in which
Baby trials in farmers' fields compare a subset of
technologies from the Mother trials with each Baby trial site
as a replicate. Decisions on treatments are made
collaboratively by all partners, and other management
practices recommended. It is up to each farmer, however, to
conduct the Baby trial in their field.

In 2007-08, 95 out of 100 Baby trials were successfully
completed by farmers in 10 villages in the Rajgarh, Vidisha,
and Raisen districts of Madhya Pradesh (Table 3) to
determine the suitability of the improved nutrient
management technologies for adoption by farmers. In these
trials, two successful nutrient management interventions
identified in the Mother trials,  BF (100% of the
recommended N, P, K, S, and Zn fertilizer rates to soybean
and 100% of the N, P, K, and S to wheat) and INM2 (50% of
the recommended rates of N, P, K, and S + 5 t FYM ha-1 +
Rhizobium to soybean and 75% N, P, K, and S + PSB to
wheat) were compared to the FP treatment. Soils were

analyzed prior to the application of nutrients using the same
procedures as for the Mother trials. The results indicated that
the initial soil fertility status of the 95 successful sites in
2007-08 showed that 47% of soils were low in organic C, all
soils were low in available N, with 48% of soils low in
available P, and 41% low in available S, and 52% low in
available Zn (Table 4). No soils were considered deficient in
K but, overall, 32% of soils were deficient in N, P, S, and Zn.
In 2009-10, 98 Baby trials at new sites were conducted
successfully on fields of six villages (Table 3) using the same
treatments as in 2007-08.

At all four sites in both seasons, the improved nutrient
management treatments of BF, INM1, and INM2 (T1, T2,
and T3) consistently and significantly increased soybean
seed yield over that of the FP treatment (Fig. 1a,b). In all
instances, the replacement of some inorganic fertilizer with
FYM (T2) was slightly better than the BF treatment, and the
added inclusion of  inoculation (T3) provided a
further benefit. Besides the increase in seed yield, T3 saved
inorganic nutrient inputs of (kg ha ) of 12 N, 13 P, 8 K, 10 S,
and 5 Zn per crop. The 2005-06 season was slightly better
than 2006-07 for soybean production, but the BF, INM1 and
INM2 treatments increased soybean seed yield on average
by ca. 20 % (0.34 t ha ) in both seasons (Table 5). It is
noteworthy that soybean seed yield in the T5, T6, and T7
treatments, in which N and P inorganic fertilizers were
reduced or replaced completely by 5 t FYM ha , was no
better than that of the FP treatment (Fig. 1, Table 5). The
mean harvest index (HI) of soybean was 0.35±0.02.

Treatment effects on the contents of N, P, and K in the
soybean seed followed that of yield, with considerably more
nutrients in seed from the improved nutrient management
treatments (BF, INM1, and INM2) than T4 to T7 (Table 5).
The three improved nutrient management treatments
removed an extra (kg ha ) 38 N, 4 P, and 8 K than the FP
treatment in 2005-06 (Table 5); by comparison, an extra 12
N, 13 P, and 8 K had been applied to the soil (Table 2).
Similar results were evident in 2006-07, but comparisons are
more difficult because nutrients were applied to the same
plots.

In the 2005-06 rabi season, the BF and both INM
treatments produced significantly higher wheat grain yield
of 16-21% over the FP treatment. As with the soybean crops,
consistent and significant results were evident at all four
sites and in both seasons, but BF was slightly better than
INM1 and INM2 (Fig. 1c,d).  The BF yields were on average
22 % higher than that of the FP treatment; increases in the
INM treatments averaged 17 %. Improved nutrient
management had similar benefits on wheat straw yield at all
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sites. The mean HI was 0.47±0.02. As expected, the total
contents of N, P, and K in wheat grain was similar to the
treatment effects on yield (Table 5). For the additional
inorganic fertilizer inputs in the BF, INM1, and INM2
treatments over that in the FP treatment of, wheat grain yield
removed an additional (kg ha ) 26 N, 14 P, and 24 K in 2005-
06. (These fertilizer inputs did not take into account those
applied to the preceding soybean crop.)

The financial implications of the various treatments
received special attention when assessing the results of the
Mother trials. Discussions were held among all
collaborators on the sources of information to be used for
seed and grain prices and the costs of inputs, including those
of farming operations.

The earlier survey revealed that the FYM annually
available to farmers with medium-scale (2-4 ha) and large-
scale (> 4 ha) areas of land can cover only 24 -56% of their
land when used at a rate of 5 t ha . These farmers would have
the option of using either INM1 or INM2 treatments on these
areas, with inorganic fertilizers (BF) used on the remaining
portion. In contrast with the better-off farmers, those with
either <1 ha or 1-2 ha of land would best use either the INM1
or INM2 treatments which involve lower investment but
high benefit. After extensive discussions, it was decided that
the Baby trials would compare the effects of two improved
nutrient management treatments, BF and INM2, with the FP
treatment in the soybean - wheat system.

In the first season in which Baby trials were conducted
by the farmers (2007-08), there was marked variation in the
soybean seed yield in each of the three treatments (Table 7).
The highest yield in each treatment was > 4-times higher
than the lowest, a finding emphasized by the high SD
compared to the mean. The variation in soybean seed yield
was lower in 2009-10, ranging < 2-fold. Despite the large
variation in yield in each treatment, it was evident that the
two improved nutrient management treatments in 2007-08
had higher mean soybean seed yield of 0.38 t ha  with BF
and 0.78 t ha  with INM2 (23 and 46 % seed yield increase)
than the FP treatment. The benefits were similar in 2009-10.

While the soybean data presented in Table 7 provide a
useful overall summary, sorting the data from the 95
individual fields revealed the situations in which different
yield benefits were evident (Fig. 2a). There was little benefit
of better nutrient management practices in fields with low
yield potential. With soybean seed yield < 1 t ha  in the FP
treatment (12 % of farmers), yield was increased by only
0.24 and 0.41 t ha  in the BF and INM2 treatments. It
appeared that low yield resulted from poorer land (e.g.
shallow soil) and to higher weed and insect pest infestations.

A soybean seed yield of 1 to < 2 t ha  was achieved in the FP
treatment in better fields and where farmers were able to
implement good management practices (53 % of farmers).
In these situations, increases of 0.38 and 0.78 t ha  were
evident with the BF and INM2 treatments. Improved
nutrient management was most evident with the 45 % of
farmers with 2 t ha  in the FP treatment. With mean
soybean seed yield of 2.39 t ha  in this treatment, the BF and
INM2 treatments increased yield by 0.42 and 0.91 t ha . In
these instances, INM2 was clearly better than BF.

Field days were organized in the study villages to
present the results and alert farmers to the importance of
controlling weeds and insect pests so as to realize the
benefits of improved nutrient management.  That farmers
benefited from participating in the field days was evident in
the second monsoon season. Soybean seed yield ranged
from 0.88 to 1.66 t ha  in the FP treatment, from 1.38 to 2.13
t ha  with BF, and from 1.50 to 2.75 t ha with INM2 (Table
7). Soybean seed yield at low level of production was
increased in all treatments despite the season not being as
conducive to high production through high rainfall. At the
highest levels of production, soybean seed yield increased
by > 1t ha  from the ca. 1.5 t ha  in the FP treatment (Fig. 2b).
This was similar to the finding in 2007-08. In contrast to this
season, however, improved nutrient management increased
seed yield even in the lowest-yielding fields. This indicates
that the farmers with these fields had paid greater attention to
weed and insect pest management, thus reaping the benefit
of better nutrient management. Once again, there was
increased benefit of including FYM over inorganic
fertilizers alone in the provision of nutrients to soybean.
Maximum soybean yield with BF and INM2 in 2009-10 was
lower by about one third than in 2007-08. This may be due to
the poor monsoon of 2007-08 allows better soybean
production (through less waterlogging) at the expense of
poor wheat yield (through increased moisture stress).

It is noteworthy that the field days were not a one-way
transfer of information but a lively discussion of results.
Further discussions addressed approaches to some of the
shortcomings identified to be inherent in participatory
monitoring and evaluation. For example, experimental
results are often site-specific and cannot be used to predict
widespread adoption of a practice. The Baby trials
conducted in a community may overcome this limitation, a
suggestion to be tested in future evaluation of nutrient
management practices.  Additionally, farmers attributed the
higher soybean yield with INM2 to better pod bearing than
with BF (ca. 90 and  70 plant ), somewhat in contrast with
farmers in western Kenya who concluded that seed yield
cannot be predicted on the basis of pod number due to
differences in pod filling.
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As with soybean, there was a large variation in wheat
grain yield in the rabi season of 2007-08 (Table 7) due to
differences in nutrient management and in the availability of
irrigation water. Madhya Pradesh received only 70% of the
normal rainfall during the monsoon of 2007-08. Indeed, four
Baby trials with wheat failed because of lack of irrigation
water. Out of the 91 successful trials, 45 received 3 or 4 post-
planting irrigations, 12 were irrigated twice, and the
remaining 34 only once. The wheat which received 3or 4
post-planting irrigations responded well to BF and INM2
with a mean wheat grain yield of > 5.00 t ha , twice that in
the FP treatment (Fig. 2c). This contrasted to those trials
which were irrigated twice (ca. 20 % yield increase) and
especially to those with a single irrigation. In this instance,
the mean wheat grain yield in the FP treatment was only 2.35
t ha , and there was no benefit of improved nutrient
management.

The pooled data of 98 successful Baby trials in 2009-10
indicated that the wheat grain yield averaged 3.27 t ha  in the
FP treatment, increasing to 4.24 t ha  with BF and to 4.04 t
ha  with INM2 (Table 7). The region received three falls of
rain at critical times in the rabi season of 2009-10. The 11
wheat Baby trials in Rajgarh district received two post-
planting irrigations while the 87 Baby trials in Raisen and
Vidisha districts were irrigated 3 or 4 times and also received
rain. The minimum grain yield in each treatment was higher
than in 2007-08, reflecting the in-season rainfall. Unlike the
findings in 2007-08, there was a good response to improved
nutrient management irrespective of yield in the FP
treatment (Fig. 2d), a finding also in keeping with decreased
moisture stress. However, the maximum grain yield in the
BF and INM2 treatments was the same at ca. 6 t ha . This
may indicate the yield potential for wheat grown with
current management practices in this region.

This study was designed to assess the financial aspects
of the soybean - wheat system in Madhya Pradesh, India, but
it is worthwhile to initially evaluate the two crops separately.
Gross income, total cost, net return and B:C ratio of soybean
averaged over FP, BF, and INM2 treatments in the Mother
trials were INR 22275, 10386, 11889 and 1.14, respectively.
Unlike soybean, wheat has long been an important crop in
Madhya Pradesh which produces about 10 % of India's
wheat grain. Gross income, total cost, net return and B:C
ratios of wheat averaged over FP, BF, and INM2 treatments
in Mother trials are INR 56440, 11189, 45418 and 4.1,
respectively. The overall financial advantage of wheat over
soybean is clearly evident.

Considered together as a soybean-wheat system over
two seasons, the three improved nutrient management
treatments in the Mother trials gave a 20 % higher gross

income than the other four treatments because of their higher
yield. The higher gross income required 6 % higher input
cost for nutrients. Overall, the improved nutrient
management treatments resulted in higher net return
compared to FP treatment (Table 6). The highest net return
on investment (INR61800 ha ) was with T3 (INM2) which
was 26% higher than that from the FP treatment. The BF
(T1) and INM1 (T2) treatments produced net return only
slightly lower than from the INM2 treatment (24 and 23%
higher than the FP treatment). As with net return, the highest
B:C ratio occurred with the INM2 treatment, considerably
better than the FP treatment (Table 6). Whether or not
farmers are able to integrate FYM with inorganic fertilizers
depends on the quantity of FYM available.

The three nutrient management treatments provided a
positive return to farmers based on the mean yield data of the
Baby trials in the two seasons (Table 8). It was clear that
improved nutrient management was financially beneficial
but did incur higher costs of ca. INR 1700. Net return was
increased by a similar amount with a single post-plant
irrigation, but increased > 10-fold by the higher wheat grain
yield when irrigated 3 to 4 times post-planting. The financial
reward was also evident by evaluating the B:C which
increased in the BF and INM2 treatments especially when
wheat was well irrigated.

Four Mother trials provided information on improved
nutrient management for soybean and wheat production on
vertisols in Madhya Pradesh, India. Both BF and INM2 were
better that the FP treatment from production and economic
points of view. Discussions among farmers, advisers, and
researchers led to the agreement that worthwhile
comparisons among these three treatments would be
beneficial in Baby trials conducted by farmers. The mean
response of the193 Baby trials over two seasons showed that
BF increased soybean seed yield by 26% and wheat grain
yield by 31% over the FP treatment. Corresponding values
for INM2 were 49% with soybean and 22 % with wheat.
Whether farmers opt to use BF or INM2 depends upon the
availability of FYM, a resource that is not sufficient to cover
the entire land holding of the medium- and large-scale
farmers every year.

Low soybean yield was achieved by 40 % of farmers in
Baby trials in 2007-08 largely due to poor management of
weeds and insect pests. The situation was much improved in
the second series of Baby trials, evidence almost all the
farmers implemented timely weed and insect control
measures. This was affected by three field days that were
conducted during the first year and the observations and
measurements by the farmers themselves. Collaboration
over an extended period not only demonstrated to farmers
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the benefits of better nutrient management, but also helped
advisers and researchers understand the limitations under
which farmers operate. This allows further modifications to
recommended nutrient management practices.   The MBT
approach clearly demonstrated to farmers the magnitude
that BF and INM2 technologies enhance the productivity of
the soybean - wheat system in their own fields. Some
farmers were exposed to the procedures involved in
evaluating treatment effects, and others when the results
were discussed among the community. It was, however, the
involvement of farmers in the Baby trials that was especially
instructive. Farmers acknowledged the clear evidence of
greater benefits of improved nutrient management in
soybean grown on good soils and with proper weed and
insect pest management. The importance of sufficient
irrigation to wheat was especially evident for farmers to
benefit from improved nutrient inputs.
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Site Organic
C (%)

KMnO4-
extractable N

(kg ha-1)

Olsen P
(kg ha-1)

NH4OAc-
extractable K

(kg ha-1)

CaCl2-
extractable S

(mg kg-1)

DTPA-
extractable Zn

(mg kg-1)
1 0.50 ±0.05* 180±13.9 8.9±1.5 350±20.5 6.5±0.8 0.39±0.11
2 0.48±0.05 170±12.2 9.8±1.9 384±30.1 8.1±1.9 0.40±0.12
3 0.46±0.04 160±10.3 8.0±0.8 372±27.2 8.6±20 0.48±0.14
4 0.52±0.06 190±14.1 10.0±2.3 395±35.7 9.1±2.2 0.55±0.17
Critical
limits

0.50 250 11.0 125 10.0 0.50

Table 1: Initial nutrient status of vertisols at four experimental sites at Geelakhedi, Rajgarh district (Sites 1, 2 and 3),
and Mughaliahat, Bhopal district (Site 4), in Madhya Pradesh, India in 2005-06 prior to conducting the first season's
Mother trials. (See text for the methods used for soil analyses. The critical limits are those reported by Ghosh et al.
[22]. (n=10 at each site, *Standard deviations for each site)

Table 2 : Nutrients applied in seven treatments (T1 to T7) in four Mother trials conducted on farmers' fields at
Geelakhedi in the Rajgarh district and at Mugaliahat in the Bhopal district of Madhya Pradesh, India in 2005-06 and
2006-07. The values are those applied as inorganic fertilizers and in farmyard manure (FYM) (in parenthesis). Full
details of the treatments have been supplied in the text (BF = Balanced Fertilization; INM = Integrated Nutrient
Management; FP = farmers' practice; PSB = phosphate solubilizing bacteria)

Nutrient rates
(kg ha-1)

T1
BF

T2
INM1

T3
INM2

T4
FP

T5
Modified BF

T6 FYM +
Rhizobium + PSB

T7
FYM

Soybean
N 25.0 12.5 (38.0) 12.5 (38.0). 12.0(15.2) 12.5 (38.0) (38.0)
P 26.0 13.0 (11.0) 13.0 (11.0) 13.0 (4.4) 19.5 (11.0) (11.0)
K 17.0 8.5 (34.5) 8.5 (34.5) 0 (13.8) 17.0 (34.5) (34.5)
S 20.0 10.0 (13.5) 10.0 (13.5) 0 (5.4) 20.0 (13.5) (13.5)
Zn 5.0 0 (0) 0 (0) 0 (0) 5.0 (0) (0)
Wheat T1

BF
T2

INM1
T3

INM2
T4
FP

T5
Modified BF

T6 FYM + Rhizobium
+ PSB + Azotobacter

T7
FYM

N 120.0 90.0 90.0 80.0 90.0 (60.8) (60.8)
P 26.0 19.5 19.5 23.0 19.5 (17.6) (17.6)
K 17.0 12.8 12.8 0 12.8 (55.2) (55.2)
S 20.0 15.0 15.0 0 15.0 (21.6) (21.6)
Zn 0 0 0 0 0 (0) (0)
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Table 3 : The locations of 95 successfully completed Baby trials in 2007-08 and 98 Baby trials in 2009-10 in the
Vidisha, Raisen, and Rajgarh districts of Madhya Pradesh, India

Season District Village Number of Baby trials
2007-08 Vidisha Rangai 20

Berkheda 5
Karayya 12
Gagandhaba 6

Raisen Sanchi 7
Kamapar 9
Naunakheda 10

Rajgarh Geelakhedi 16
Sanwas 4
Turkipura 6

Season District Village Number of Baby trials
2009-10 Vidisha Rangai 7

Shair 21
Powanala 29

Raisen Dakhna 19
Rajgarh Sunari 11

Geelakhedi 11

Table 4 : The initial fertility status of Baby trial sites in the Vidisha, Raisen, and Rajgarh districts of Madhya Pradesh, India. (See
text for the methods used for soil analyses. The percentage of soil samples considered deficient is based on the critical limits
reported by Ghosh et al. [22]

Season Organic C
(%)

KMnO4-
extractable N

(kg ha-1)

Olsen-P
(kg ha-1)

NH4OAc-
extractable K

(kg ha-1)

CaCl2-
extractable S

(mg kg-1)

DTPA-
extractable Zn

(mg kg-1)
2007-08
Lowest 0.33 100 5.6 461 3.8 0.3
Highest 0.90 240 56.6 1283 27.8 1.68
Mean (± SD) 0.54 (± 0.14) 137 (± 38) 16.8 (± 9.8) 765 (± 186) 13.5 (± 6.0) 0.55 (± 0.24)
Samples
deficient (%)

47 100 48 0 41 52

2009-10
Lowest 0.28 100 1.2 430 5.5 0.3
Highest 0.8 241 25.7 123 24.4 1.4
Mean (± SD) 0.53 (± 0.13) 150 (± 37) 7.7 (± 4.4) 704 (± 188) 11.6 (± 4.9) 0.55 (± 0.24)
Samples
deficient (%)

50 100 47 0 52 60

Table 5 : Mean effects of seven nutrient management treatments (T1 to T7) on soybean seed yield and N, P, and K contents and on
wheat grain yield and N, P, and K contents in Mother trials in 2005-06 and 2006-07 conducted on four sites in farmers' fields at
Geelakhedi, Rajgarh district, and Mughaliahat, Bhopal district, in Madhya Pradesh, India. Treatment details have been fully
described in the text (n = 12 at each site, *Standard deviations for each treatment across 4 sites)

Treatment
Soybean Wheat

Seed yield
(t ha-1)

N content
(kg ha-1)

P
content
(kg ha-1)

K content
(kg ha-1)

Grain yield
(t ha-1)

N content
(kg ha-1)

P
content
(kg ha-1)

K content
(kg ha-1)

2005-06
T1 2.10±0.104* 177.8±8.8 18.4±1.0 96.7±.6.6 5.00±0.109 129.7±5.9 19.6±1.1 113.4±.3.0
T2 2.20±0.109 188.7±8.6 19.6±1.2 103.7±6.2 4.78±0.111 119.6±5.5 17.6±1.2 107.7±4.2
T3 2.33±0.105 198.8±6.9 21.2±1.0 114.5±7.0 4.79±0.078 120.9±4.6 17.8±0.7 103.7±4.1
T4 1.86±0.082 151.2±7.3 15.6±0.7 80.3±4.4 4.12±0.105 98.5±5.1 13.8±0.6 83.7±2.6
T5 1.95±0.048 162.3±4.2 16.8±0.4 87.0±3.4 4.14±0.072 99.8±3.9 14.0±0.8 83.6±2.7
T6 1.86±0.023 151.8±4.3 15.7±0.5 79.3±4.0 4.03±0.078 93.3±4.2 12.8±0.8 79.3±2.2
T7 1.77±0.065 141.0±5.9 14.6±0.6 72.5±4.2 3.95±0.085 90.1±5.0 12.3±0.4 76.7±2.8
LSD
(P = .05)

0.18 16.6 1.9 13.0 0.34 16.5 5.6 29.8

2006-07
T1 1.81±0.009 162.1±8.0 15.2±0.1 73.3±0.4 5.17±0.071 134.0±3.2 20.1±1.2 117.2±1.9
T2 1.90±0.016 172.7±2.5 16.4±0.2 79.8±0.9 4.94±0.131 122.9±2.8 17.6±0.4 106.4±2.4
T3 2.04±0.049 184.3±3.7 17.8±0.5 88.5±2.0 4.95±0.083 123.7±4.0 18.4±1.3 107.0±3.1
T4 1.59±0.054 136.8±4.9 12.8±0.6 60.3±3.4 4.21±0.117 98.8±4.5 14.1±0.4 85.5±1.2
T5 1.69±0.055 149.5±4.3 13.9±0.5 66.5±2.9 4.23±0.087 101.0±2.1 14.3±0.5 85.6±0.9
T6 1.63±0.037 139.4±1.9 13.2±0.3 60.8±1.5 4.09±0.088 94.5±3.6 13.0±0.3 80.6±1.4
T7 1.53±0.040 127.9±2.5 12.1±0.4 55.0±1.2 3.99±0.123 90.1±3.1 11.9±0.6 76.6±0.8
LSD
(P = .05)

0.14 12.1 1.35 8.6 0.35 17.6 2.8 21.0
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Table 6 : Mean soybean seed yield and wheat grain yield over two seasons (2005-06 and 2006-07) in four Mother trials conducted on
vertisols at four sites in farmers' fields at Geelakhedi, Rajgarh district, and Mughaliahat, Bhopal district, in Madhya Pradesh,
India, and the calculated gross income, total cost, and net return in seven treatments (T1 to T7). Treatment details have been
described in the text (T1 = Balanced Fertilization; T2 = Integrated Nutrient Management 1; T3 = Integrated Nutrient Management
2; T4 = the Farmers' Practice; T5 =  modified Balanced Fertilization; T6  and T7 = fertilization with farmyard manure)

Treatment Soybean seed
yield (t ha-1)

Wheat grain
yield (t ha-1)

Gross income
(INR ha-1)

Total cost
(INR ha-1)

Benefit
: Cost

T1 2.7

Net return
(INR ha )-1

T2 2.8
T3 2.9
T4 2.4
T5 2.3
T6 2.4
T7

1.95
2.05
2.18
1.73
1.82
1.75
1.65

5.09
4.86
4.87
4.17
4.19
4.06
3.96

83600
81800
83500
69600
70700
68300
65800

22700
21600
21600
20400
21800
20400
20300 2.3

61000
60300
61800
49200
48900
47900
45600

Season Parameter T1 Balanced Fertilization T3 Integrated Nutrient
Management 2

T4 Farmers’ Practice

Soybean seed
yield (t ha-1)

Wheat grain
yield (t ha-1)

Soybean seed
yield (t ha-1)

Wheat grain
yield (t ha-1)

Soybean seed
yield (t ha-1)

Wheat grain
yield (t ha-1)

2007-08
(n = 95)

Lowest 0.750 2.00 0.85 2.00 0.63 1.75
Highest 3.33 6.26 3.63 6.25 2.75 4.38
Mean (± SD) 2.06 (± 0.69) 4.24 (±1.45) 2.46 (± 0.80) 4.04 (± 1.32) 1.68 (± 0.61) 3.27 (± 0.81)

2009-10
(n = 98)

Lowest 1.38 3.38 1.50 2.88 0.88 2.50
Highest 2.13 6.00 2.75 5.38 1.66 4.75
Mean (± SD) 1.75 (± 0.17) 4.68 (± 0.58) 2.02 (± 0.24) 4.21 (± 0.54) 1.33 (± 0.16) 3.30 (± 0.44)

Table 7:  The lowest, highest, and mean soybean seed yield and wheat grain yield in three nutrient management treatments (T1, T3,
and T4) in Baby trials conducted by farmers in 2007-08 and 2009-10 in three districts of Madhya Pradesh, India

Table 8:  Mean soybean seed yield and wheat grain yield in Baby trials conducted by farmers on vertisols in 2007-08 and 2009-10 in
farmers' fields in Vidisha, Raisen, and Rajgarh districts in Madhya Pradesh, India, and the calculated gross income, total
cost, net return, and benefit:cost ratio in three nutrient management treatments. Treatment details have been described in the text
(BF = Balanced Fertilization; INM2 = Integrated Nutrient Management 2; FP = Farmers' practice)

Season Management Soybean seed
yield (t ha-1)

Wheat grain
yield (t ha-1)

Gross
income (INR

ha-1)

Total cost
(INR ha-1)

Net return
(INR ha-1)

Benefit:Cost

2007-08 Wheat: 1 post-planting irrigation (n = 26)
BF 1.81 2.68 52800 19600 32100 1.55

INM2 2.18 2.62 55800 20700 36200 1.85
FP 1.37 2.40 44300 18400 25800 1.40

Wheat: 2 post-planting irrigations (n = 13)
BF 1.75 3.00 56100 20300 34800 1.63

INM2 2.03 2.93 58100 21300 37900 1.86
FP 1.42 2.58 47100 19100 28000 1.46

Wheat: 3 – 4 post-planting irrigations (n = 52)
BF 2.21 5.34 89800 22700 67100 2.96

INM2 2.65 5.05 90900 21600 69300 3.20
FP 1.85 3.88 67600 20400 47200 2.31

2009-10 Wheat: 2 post-planting irrigations (n = 11)
BF 1.59 3.78 64000 21300 42600 2.00

INM2 1.76 3.43 61300 20300 41100 2.02
FP 1.21 2.59 45000 19100 25800 1.35

Wheat: 3 – 4 post-planting irrigations (n = 87)
BF 1.77 4.79 78300 22700 55600 2.45

INM2 2.05 4.30 75200 21600 53600 2.48
FP 1.34 3.38 56000 20400 35500 1.74
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Fig. 2 Soybean seed yield and wheat grain yield in Baby trials conducted in 2007-08 and 2009-10 in Vidisha, Raisen, and
Rajgarh districts in Madhya Pradesh, India testing the effects of the farmers' practice (FP), Balanced Fertilization (BF), and
Integrated Nutrient Management (INM2)

Fig. 1 Effects of seven nutrient management treatments (T1 to T7) on soybean seed yield (a, b) and wheat grain yield (c, d) in
Mother trials at four sites in 2005-06 (a, c) and 2006-07 (b, d) in farmers' fields at Geelakhedi, Rajgarh district, and Mughaliahat,
Bhopal district, in Madhya Pradesh, India. Treatment details have been fully described in the text. I = LSD (P = 0.05)
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Soil resources produce many important ecosystem goods
and services including production of food and fibre,
recreation, and the recycling of wastes and other by-
products (Arrouays et al., 2012). Land is not only a critical
component of the earth's life support system, but also a
valuable resource. It is an important factor of production in
economic systems upon which our well-being and
prosperity is based. Therefore, soil quality is directly related
to food safety, human health, and sustainable economic and
social development. Burgeoning human population
demands increased food production from ever-shrinking
land resources putting undue pressure on the entire
ecosystem. Overexploitation, overgrazing, inappropriate
clearing techniques and unsuitable land use practices
together have resulted in some 17% of the land surface
having been subject to degradation. Soil erosion, loss of soil
organic matter and depletion of nutrients are among the lead
contributors to impaired soil health, reducing crop yields
and extending poverty in the developing world.

Soil health is a term widely used to describe the general
condition or quality of the soil resource. Soil management is
fundamental to all agricultural systems, yet there is evidence
for widespread degradation of agricultural soils in the form
of erosion, loss of organic matter, contamination,
compaction, increased salinity and other harmful effects
(European Commission, 2002). This degradation sometimes
occurs rapidly while at other times degradation is slower and
more subtle, and may only impact upon agricultural
production and the wider environment over years. For this
reason, research has been directed to devising measures for
the health of the soil, which could be used to monitor its
condition and provide input to its management so that
degradation is avoided. A working definition of soil health
indicates 'the capacity of a specific soil to function in a
natural or managed system to sustain plant and animal
productivity, maintain environmental quality, and promote
plant and animal health' (SSSA, 2014).

An integrated concept of soil health identifies soil as a
system. There are recognizable soil types that originate
depending on variations in factors, such as parent material,
climate and topography that largely determine the dominant
physical and chemical properties. These have often been
altered, however, by agricultural interventions, such as
drainage, irrigation, use of lime to alter soil reaction and

additions of plant nutrients, both organic and inorganic.
Majority of the internal functions of an agricultural soil
system interact in a variety of ways across a range of spatial
and temporal scales. For example, at the microscale soil
microbes modify soil structure by aggregating both mineral
and organic constituents via production of extracellular
polysaccharides. Soil is a living system and is functionally
identified by its biology. However, it must also be
appreciated that the different functional modules are
operated upon by a complex interaction with the abiotic,
both physical and chemical, environments. Both natural and
agricultural soils serve as the habitat for various organisms
which collectively contribute to a variety of soil-based goods
and services like:

a. Transformation of carbon through the decomposition of
plant residues and other organic matter;

b. Cycling of nutrients essential for plant growth and
development

c. Maintenance of the structure and fabric of the soil by
aggregation and formation of bio-structures and pore
networks at a spatial scale;

d. Biological regulation of soil populations including both
beneficial and/or harmful organisms affecting plants,
animals as well as humans.

Assessment of soil health across agricultural systems,
soil types and climatic zones remains major scientific
challenge. Considering the multi-component nature of the
soil systems, the spectrum of goods, services and functions
that they provide, and the associated spatial variability, no
single indicator will encompass all aspects of soil health, nor
would it be necessary to measure all possible indicators.
Definition of a healthy agricultural soil suggests it to be
capable of supporting both an adequate production of food
and fibre and also the continued delivery of other essential
ecosystem services. The 'working range' of the soil system is
that over which there is no degradation of system
performance in terms of input-to-output conversion
efficiency. Above this range, performance deteriorates as
indicated by falling efficiency. However, as long as the level
of inputs does not exceed the working range greatly, no
permanent damage occurs. If the loading is excessive,
outputs fall as the system becomes increasingly
compromised and at some point permanent degradation
results. Thus, healthy soils will have more extended working
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ranges and higher conversion ratios compared with less
healthy ones. Critical processes in the soil system as
transformations of carbon, cycling of nutrients, maintenance
of the structure and fabric of the soil, and biological
regulation of soil populations have been identified as stable
indicators for soil health status.

To maximize yields, a variety of agricultural
management processes are imposed on the ecosystem,
including artificial inputs such as chemicals and tillage.
These practices and inputs distort the natural balance of the
ecosystem and may compromise the output of other
ecosystem services. For example, nutrient leakage from the
soil-plant system may lead to degradation of surface and
ground waters and pollute drinking water supplies, while
deep ploughing of some land types may increase the risk of
soil erosion and sediment transfer to streams, or lead to
surface capping, rapid surface water runoff and increased
flood risk. Over the years, almost all agricultural soils have
been altered from their natural state by human interventions
aiming at maximizing production functions which, to some
extent, always result in a loss of other ecosystem functions.
The intensity of agricultural intervention varies enormously
across different farming systems, and may be expected to
have both quantitatively and qualitatively different impacts
on the soil health system. The soil food web may also be
substantially changed. The adoption of tillage, initially of
animal-drawn and later of fossil fuel-driven, was one of the
most significant steps in the history of agricultural
intensification, enabling huge savings in human labour and
increased efficiency, through improved timing in other
agricultural operations, as well as the guarantee of a well-
prepared seed bed. However, over the past two decades or so,
there has been a substantial reversion to reduced tillage
practices in many parts of the world, especially in US and
Europe.

Several factors affecting soil health, viz. (a) soil type,
(b) organisms resident in the soil and their functions, (c)
carbon and energy flow, and (d) available nutrients. Past land
management by humans altered natural soils considerably.
Thus, land-use and management are the major controlling
factors for soil health. A set of fixed characteristics such as
texture, geophysical content, etc. combine with climate to
set an envelope of possible soil habitat conditions, especially
those relating to the soil water regime. Variable factors such
as pH, bulk density and soil organic matter content, which
are influenced by land-use and management, then determine
the prevailing condition of the habitat within the range for a
particular soil. These fixed and variable abiotic factors
interact with biotic ones to determine the overall condition
of the soil system and its associated health. The relationships
between community structure and function are inevitably
complex and a prevalent theme in contemporary soil

ecology and in many instances, this is at experimentally
prescribed unrealistically low levels of diversity that rarely
prevail in nature.

Many studies demonstrate high levels of functional
redundancy in soil communities. Carbon is the common
currency of the soil system, and its transfer with associated
energy flows is the main integrating factor. This suggests
that the quantity and quality of different organic matter pools
may be indicative of the state of the soil system, while the
flows and allocations of carbon between assemblages of
organisms may provide information about their
relationships to ecosystem functions. Nutrients are a
controlling input to the soil system and the processes within
it. Their levels and transformations are critical to soil health.
After carbon, the cycling of nitrogen and phosphorus to,
from and within the soil system most affects its dynamics
and the delivery of ecosystem services, including
agricultural production. Manipulation of nutrient supplies to
increase productive outputs from the soil system by the
addition of fertilizers has been one of the keystones of
agriculture for centuries. Nonetheless, knowledge is limited
about the impacts of nutrient additions on the condition of
different assemblages of soil organisms and thence on their
functions.Soil organic matter (SOM) is a key component in
soil health as it affects soil chemical, physical, and
biological properties. It is commonly accepted that SOM
enhances fertility, improves physical properties (such as,
infiltration and water retention), and enhances overall soil
health. Although improvements in crop varieties/hybrids
and innovation in fertilizers continue to boost average
yields, proper soil health is important for sustaining
productivity. Crop and soil management are keys to
increasing SOM and improving soil health. As stated earlier,
most soil management practices needed for crop production
have a tendency to reduce SOM (Fig. 1).

Soil organic carbon is the mainstay of the SOM.

Fig. 1 Agricultural production practices have reduced the
naturally high organic matter (OM) content of soils under
native natural systems. Although a new OM "equilibrium" is
reached after years of repeated practices, changes in
management practices can increase or further decrease soil
OM. (figure adapted from National Academy of Sciences, 2009).
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Globally, soil holds about 2,500 gigatons (Gt) (billion metric
tons) of carbon, although estimates differ. Natural
biochemical processes of the carbon cycle circulate vast
amounts of carbon between the air, vegetation, and soil each
year. Plants take up about 120 Gt of carbon from the air by
photosynthesis and release 60 Gt back into the atmosphere
by respiration. They deposit 60 Gt of organic debris on the
ground, feeding soil microbes that release another 60 Gt of
carbon back into the atmosphere by mineralization process.
Thus, the carbon flowing between air and soil is roughly in
balance. However, anthropogenic activities such as fossil
fuel burning and deforestation upset this equilibrium by
adding more carbon to the atmosphere. Oceans and land
vegetation absorb some of these emissions, but an extra 3.5
Gt of carbon accumulates in the atmosphere each year and
drives climate change (Lal, 2008). However, in comparison
to the massive amounts of carbon in the soil and the vast
natural flows, the human contribution appears minuscule.
Could the natural cycle be tweaked to squeeze some of this
excess carbon into the soil? With proper management, soil
could hold an extra 1-1.5 Gt of carbon annually for 20-50
years (Smith et al., 2008).

Realizing the potential of soils to sequester additional
quantities of C requires understanding and perhaps
manipulating the complex ''below ground'' ecosystem of
roots, microbes, and organic matter (Chandrasekhar, 2012).
Bacteria, fungi, and other soil organisms help turn plant
debris such as leaf litters, dead and decaying roots and root
exudations into humus that makes soil rich and fertile. Most
wild plants are perennials with a deep, strong root structure
that helps nourish and stabilize the soil they grow on. Most
agricultural crops such as wheat, rice, maize and soybean,
however, are shallow-rooted annuals that don't provide the
same soil support. As a result, even well-managed cropland
soil often suffers from poor quality and low carbon content.
In many parts of Asia and Africa, farmers can survive only by
extracting as much biomass as they can from the soil, a
practice sometimes referred to as ''carbon mining.'' Plant
residue serves as fodder, and animal waste as fuel. With no
organic residue left behind, soil becomes dry, infertile, and
carbon deficient. Instead of blaming subsistence farmers for
this, however, we should offer them suitable incentives for
adopting soil-enhancing practices. Unfortunately, attempts
to devise such incentives have enjoyed little success.
Researchers are hoping to create new crop varieties that will
not only enhance soil carbon and quality, but also better
resist droughts and other adverse conditions thanks to their
deep roots. Such plants could store an extra 100 tons of
carbon per hectare in their roots alone compared to annuals.

Sustainable management of soil health requires the
setting of criteria for acceptable levels of soil-based
ecosystem functions and in particular the balance between

the food production functions and others supporting soil
conservation, water flow and quality, crop, livestock and
human health control, and greenhouse gas emissions. These
include inputs of organic matter to meet demand for carbon
and energy supply to the soil biota, balanced with the
nutrient demand of the crops and the development of
integrated (i.e. organic plus inorganic) nutrient management
systems that conserve nutrients and levels of soil organic
matter. For farmers in the developing regions of the world
working with a very low resource base, access to inorganic
fertilizers is essential to 'kick-starting' their degraded
systems. The economic circumstances of these farmers,
however, render such inputs nonviable and a wide variety of
alternative practices have been developed using variations in
cropping and farming system design as an alternative to
industrially produced inputs. These 'organic' practices,
enforced by necessity, may contribute to improved soil
health and sustainable practice but are generally insufficient
in terms of production. Wherever inputs are affordable, they
must clearly be used to enhance production, but the risk to
other ecosystem services and soil health can be minimized
by maintaining the integrated nature of their farming
systems.
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Abstract

1. Introduction

Fruits crops by the virtue of their nutritional qualities
have already emerged as a major alternative, cutting short
the menacing load on the consumption of traditional
monotonous cereal/tuber crop-based diet. Huge microbial
diversity has displayed different magnitude of synergism
with fruit crops, which played a catalytic role in unlocking
the productivity stagnation through improved efficacy of
applied nutrients. Perennial fruit crops are better equipped to
be benefitted through nutrient-microbe synergy because of
their perennial framework and root configuration. However,
use of multiple inoculation through crop specific microbial
consortium, especially AM-based consortium in
combination with nutrients (organic or inorganic in nature)
provided a much better option in fruits with an added
element of much better labile pool of microbial (taxonomic,
function, and metabolic diversity) and nutrient pool of the
rhizosphere for stronger soil carbon sink ultimately.  The
concept of "rhizosphere hybridization" is, therefore,
advocated to harness the value added benefit of nutrient -
microbe synergy, besides providing dynamism to microbial
consortium suiting to wide range of perennial fruits.
Microbial consortium augers well, with fertigation option as
well, as a pretreatment of soil before injecting soluble
mineral fertilizers into the wetting zone of drippers in order
to improve upon the fertilizer use efficiency.

 Perennial fruits, Nutrient-microbe synergy,
Microbial consortium, Rhizosphere hybridization,
Fertigation, Fertilizer use efficiency, Soil carbon sink.

Perennial fruit crops represent hardly 1% of the global
agricultural land area, but Mediterranean region covers
maximum of 11% area, which are of great economic
importance in world trade and tariff (FAO, 2011).
Approximately 1.7 million  (2.8%) of deaths worldwide are
attributable to micronutrient deficiency induced through
lesser consumption of fruits and vegetables and regarded as
top 10 selected risk factors for global mortality (WHO,
2014).  In the 21  century, nutrient efficient plants will play a
major role in increasing crop yields compared to the 20
century, mainly due to limited land and water resources
available for crop production, higher cost of inorganic

fertilizer inputs, declining trends in crop yields globally, and
increasing environmental concerns.  Furthermore, at least
60% of the world's arable lands have mineral deficiencies or
elemental toxicity problems, and on such soils fertilizers and
lime amendments are essential for achieving improved crop
yields (Pathak and Nedwell, 2011).  In the light of climate
change related issuses, perennial fruit trees play an
important role in carbon cycle of terrestrial ecosystems and
sequestering atmospheric CO  (Guimãres et al., 2014).
According to Wu et al. (2012), net C sink and C storage in
biomass of apple orchard ranged from 19 to 32 Tg C,
respectively, and from 230 to 475 Tg C in 20 years period,
amounting to 4.5% of total net C sink in the terrestrial
ecosystems in China.  In an estimate, Lakso (2010) observed
that an acre of apple orchard fixed about 20 tons of CO  from
the air each season, and provided over 15 tons of O ,
equivalent to over 5 billion BTU's of cooling power. While
Mwamba (2013) showed that citrus trees carbon
sequestration in biomass ranged from 23.9 tons CO /ha for
young trees to 109 tons CO  /ha for mature trees.

There will be an increasing importance of nutrient
efficient cultivars that are higher producers. Nutrient
efficient plants are defined as those plants, which produce
higher yields per unit of nutrient, applied or absorbed than
other plants (standards) under similar agroecological
conditions. During the last three decades, much research has
been conducted to identify and/or breed nutrient efficient
plant species or genotypes/cultivars within different fruit
species but the success in releasing nutrient efficient
cultivars has been limited. The main reasons for limited
success are that the genetics of plant responses to nutrients
and plant interactions with environmental variables are not
well understood (Fageria et al., 2008). Fruit crops by the
virtue of their perennial nature of woody framework
(Nutrients locked therein), extended physiological stages of
growth, differential root distribution pattern (root volume
distribution), growth stages from the point of view of nutrien
requirement and preferential requirement of some nutrients
by specific fruit crop, collectively make them different than
the annual crops (Srivastava, 2013a; 2013b).

Plant growth promoting microorganisms play an
important role exerting various mechanisms such as
biological nitrogen fixation, growth hormone production,
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phosphate solubilisation siderophore production, hydrolytic
enzymes production, antagonistic activity (Tailor and Joshi,
2014). Activation of each mechanism implies the production
of specific compounds and metabolites, such as plant growth
factors, hydrolytic enzymes, siderophores, antibiotics, and
carbon and nitrogen permeases. These metabolites can be
either over produced or combined with appropriate
biocontrol strains in order to obtain new formulations for
their more effective applications (Tahía et al., 2004).
Studies have demonstrated that  inoculation
alone can substitute upto 50% nitrogen requirement of
banana and 25% phosphorus requirement of papaya.
Arbuscular mycorrhizal fungi has also been reported to
substantially  improve nutrient acquisition capacity of host
plant, and fruit yield in addition to enriching the rhizosphere
biologically in a much activated form (Wu et al., 2013).
Mineral fertilizers on the other hand have limited direct
effects, but their application can enhance soil biological
activity via increases in system productivity, crop residue
return, and soil organic matter (Khandelwal et al., 2013).
Another important indirect effect especially of nitrogen
fertilization is the soil acidification, with considerable
negative effects on soil organisms (Chhonkar, 2003).
However, the outcome of a long-term fertilizer experiment
in rice established that a balanced application of nutrients
promoted microbial biomass through improved diversity of
the microbial community (Zhang and Wang, 2005). There
are ample evidences accrued through worldwide research
that nutrient-microbe synergy is the launching pad for any
perennial plant to mobilise and accumulate the required
nutrients as per the metabolic nutrient demand (Wu and
Srivastava, 2012). Rengel et al. (1996) observed that the total
number of bacterial colony forming units increased in the
rhizosphere of Zn-efficient genotypes of wheat under Zn-
deficiency and in Mn-efficient genotypes under conditions
of Mn-deficiency. In contrast, a Zn-deficiency treatment
acted synergistically with the number of fluorescent
Pseudomonas in the rhizospheres.

A still bigger question emerges, whether  rhizosphere
competent microbes could collectively contribute towards
improved resilience of plant's rhizosphere (Wang et al.,
2014). And if those microbes are so successful in promoting
growth response, addition of starter nutrients in such
combination may further magnify the magnitude of
response called nutrient-microbe synergy. Our earlier
studies have shown that rhizosphere effective microbes have
the tendency to play multiple roles (Srivastava, 2012) to
overcome various biotic and abiotic stresses while
interacting with an environment.  A sound understanding of
nutrient- microbe synergy could possibly lay a solid
foundation in unlocking the productivity potential of
perennial fruit crops, besides safeguarding the soil health,

both physic-chemically as well as biologically. In this
background, incise efforts have been made to analyse
various aspects of nutrient-microbe synergy in giving the
desired fillip to the productivity of perennial fruit crops.

Optimum soil fertility induced plant nutrition has a key
role to maximise yield and quality production of perennial
fruit crops. The fertilizer requirement of perennial fruit
crops is determined by many approaches, including surveys,
growers' experience, following the fertilization program of
high yielding orchards, replacing the amount of nutrients
removed by fruits, deficiency symptoms, applying results
from sand or soil culture and field experiments and leaf/soil
analysis, with each one of these having distinct advantages
and limitations.

Three approaches to fertilizer recommendations that
are widely used: the deficiency correction philosophy
(originates from nutrient constraints based crop response
through nutrient additions to the point of maximum
economic yield), maintenance concept (aims to maintain
soil fertility level slightly above the point of maximum
economic yield), and nutrient removal or balanced
philosophy (emphasizes the return to the soil what is
removed by the crop to maintain productivity, but often over
recommends nutrient need, since it does not take into
account for the soil's ability to supply available nutrients to
the plants over time) (Srivatava et. al., 2014b).

Soil provides nearly all the nutrients essential to
complete the life cycle of a plant. Different soil properties
primarily determine the extent of a fertilizer response
(Bronick and Lal, 2005) and the crop rotation on some
recently published review articles changes in physico-
chemical (Lehoczky et al., 2005) and biological properties
of soil (Manna et al., 2005).  Since the subject of fertilization
in horticultural crops is so vast and complex, the readers may
refer to the few review articles exclusively devoted to
different issues of nutrient management in perennial fruit
crops. (Srivastava, 2012). However, the subject dealing with
multipronged action to rhizocompetent microves in
combination of various nutrient sources in fruit crops, is
distinctly missing.

There are varied fertilization and doses schedules
followed across a variety of crops (Table 1). Some
fertilization plans recommend N application since the
beginning of bud break until 6 weeks after full bloom for
bearing pear trees (Neto et al., 2008), whereas others defend
that N must be applied during the whole growth cycle
considering that after harvest, trees can still improve their

Azotobacter

2. Inorganic Fertilizer Use

2.1 Soil Fertilization - A Conventional Method

2.1.1 Optimum macronurients:
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reserves through N uptake from soil. Some authors have
studied the fertilizer N use efficiency in pears and apples
(Chen et al., 2004). Most studies were performed in pots in
sand culture, comprising its applicability to field conditions.
The re-cycling of N as a result of the decomposition of
senescent leaves in soils was only addressed in one study
with apple trees (Tagaliavini et al., 2007). Fertilizer N use

efficiency by trees increased from the first to the third year,
but was generally small (6, 14, and 33%), and estimated N
losses were large (89, 46, and 53%, respectively, in the first,
second, and third year). Irrigation water and soil provided
more N to the trees than fertilizer N (Neto et al., 2008).

For many years, several authors have tested the

Table 1 :  Optimum nutrient requirement for different fruit crops

*  Figures in kg/ha; ** Addition of 280 g/tree Ca;* ** Addition of  B at 7 g/plant

Fruit crop (g/tree) N P2O5 K2O Reference
Mango (Mangifera indica L.) 800 200 300 Sharma et al. (2000)
Acid lime (Citrus aurantifolia Swingle L.) 800 200 100 Huchche et al.( 1996 )
Guava (Psidium guajava L.) 500 250 250 Singh and Singh (2007)
Grape (Vitis vinifera L.)* 300 500 1000 Patil et al. (2008)
Pomegranate (Punica granatum L.) 400 100 300 Ghosh et al. (2012)
Ber (Zyzyphus mauritiana Lank) 500 200 300 Lal et al.(2003)
Aonla (Emblica officinalis Gaertn)* 212 15 234 Biswas et al. (2012)
Sapota (Achras zapota Mill.) 400 - 300 Ghosh et al. (2012)
Date palm (Phoenix dactylifera L.) 460 500 500 Munir et al. (1992)
Fig (Ficus carica L.)** 430 200 430 Irget et al. (2008)
Phalsa (Grewia subinaeuqualis DC) 200 75 100 Sharma et al. (2008)
Apple ((Malus domestica Borkh.) 1065 650 1500 Singh et al. (2011)
Litchi (Litchi chinensis Sonn.)*** 600 350 140 Pathak and Mitra (2008)
Pear (Pyrus communis L. ) 1000 2000 1500 Arora and Singh (2006)

response of different crops to application of different
nutrients, especially K, with respect to yield and quality, in
many crops like coffee,  L.(Silva et al., 2001);
almond,  L. (Reídel et al., 2004);
pistachio,  L. (Zeng et al., 2001); pecan,

 Koch (Worley, 1994); olive,
(Jasrotia et al., 1999) etc. However, such basal fertilizer
application technique is greatly conditioned by different soil
properties, particularly soil moisture, which affects the
mobility of the supplied nutrients (Mengel and Kirkby,
2000). This is mainly attributed to large variation in fertilizer
doses to be really effective (Table 1) in different crops,
annual versus perennial. Such variation in optimum doses is
dictated by climate, soil types, crops, and farming practices
in such a way that the correct balance of nutrients necessary
for one farm, may be quite different from that necessary for a
farm somewhere else in the world. Therefore, determining
the appropriate balance of nutrients to increase crop yield
and soil fertility will require localized research.

 Soil application of
micronutrients, especially inorganic salts, is often not so
effective due to immediate reaction of added micronutrient
cations with the mineral portion of soil through various
processes like adsorption, fixation, chemical precipitation,
etc. (Srivastava and Singh,  2008b) irrespective of crop,
annual or perennial in nature.  This issue in the past has been
addressed in depth. Researchers even today are not

unanimous about the efficacy of soil versus foliar
fertilization with reference to micronutrients (Srivastava and
Singh, 2004, 2008b). Elevating Zn concentration only in the
tops of Zn-deficient sour orange (  L.)
plants with foliar sprays partially restored normal root
growth but clearly was not as effective as the roots absorbing
Zn directly from high Zn concentration solutions (Swietlik
and Zhang, 1994). Duxbury et al., 2006) suggested that
micronutrient-enriched seed successfully addressed Zn and
Mo deficiencies in rice and wheat, and increased yields
beyond those achieved by soil fertilization due to difference
in root health activating early seedling emergence.

Interestingly, some recommendations have advocated
soil application of micronutrients as one of the means to
realize good yield of a crop, e.g., ZnSO  (300 g/tree) - FeSO
(300 g/tree) - 600 N - 200 P O  - 100 K (g/tree) in citrus
(Srivastava and Singh, 2008c; Srivastava et al., 2014b)). The
micronutrient-based Zn chelater complexes on the other
hand are poorly or not at all absorbed by plant roots, as
demonstrated through water culture studies (Swietlik and
Zhang, 1994). Under field conditions, however, the addition
of Zn micronutrient-chelate elevated the amount of
exchangeable nutrients in the soil solution due to adsorption
and exchange properties of minerals present in soil. Soil
application of a micronutrient, e.g., Zn from ZnSO  is fixed
in the surface soil, while the chelated-Zn remains soluble

 Coffea arabica
Amygdalus communis
Pistacio vera Carya

illinoinensis Olea europaea

Citrus aurantium

2.1.2 Optimum micronutrients :
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and becomes distributed evenly throughout the soil, as
evident from 46-times higher uptake of Zn by a perennial
fruit crop like citrus from Zn-EDTA than ZnSO  on sandy
soils (Parker et al., 1995). In non-citrus crops like wheat
(Modaihsha, 1997), banana (Mostafa et al., 2007), pear,
apple, grapevine (Sohlegel et al., 2006) etc. similar results
have been reported. Of late, micronutrient seed treatment
including seed priming and seed coating have offered an
attractive and easy alternative (Farooq et al., 2012).  One of
the major obstacles of conventional practices of addressing
nutritional requirements of perennial fruit crops, either
through soil fertilization or through foliar feeding, is the
precise diagnosis if the nutrient constraint type, their doses
as per crop age and soil type, with the result more often such
practices have not been able to facilitate the realisation of
potential productivity of fruit crops. Neither any due
consideration is given to exploit the nutrient reserve of the
plant's rhizosphere (native nutrient supplying capacity of
soil) while formulating the fertilizer doses. And most
importantly in perennial fruit crops, nutrient doses need to
be recommended in tandem with level of fruit yield targeted,
a nutrient dose optimum for one fruit yield target, will
become suboptimum for higher targetted fruit yield level in
couple in subsequent years. Where is such nutrient
monitoring tool to keep vigil on nutrient input and output
relationship, a kind of nutrient budgeting (Srivastava, 2013a;
2013b; Srivastava and Singh 2008a).

Large number of studies have, however, demonstrated
much better fertilizer use efficiency with fertigation in crops
like guava (Ramniwas et al., 2012), banana (Reddy et al.,
2002), apple (Banyal and Sharma, 2011), kiwifruit
(Chauhan and Chandel, 2008), sweet cherry (Ahmed et al.,
2010), litchi (Dey et al., 2010), sapota (Khot et al, 2012),
mango (Singh et al., 2009), Banana (Pawar and Dingre,
2013), citrus (Srivastava et al., 2003; Shirgure and
Srivastava, 2014), papaya (Jeyakumar et al., 2010),
pomegranate (Haneef et al., 2014) etc. using various bases of
drip irrigation scheduling and NPK-based fertilizers, but
without much success with micronutrient fertigation.  These
studies have provided a wealth of information with
unanimous result that fertigation reduced both irrigation and
nutrient requirement by 30-50% compared to conventional
split application within plant basin. Open hydroponics
(Krugger et al., 2000, Martinez et al., 2004) and variable rate
fertilizer linked site specific nutrient management (Zaman
and Schumann, 2006; Johnston et al., 2009; Srivastava et al.,
2014b) in fruit crops  like citrus, olive, avocado, coconut etc.
have also started showing their utility in improving
fertilizers use efficiency to various dimensions.

Plant-associated microorganisms fulfill important

functions for plant growth and health.  Direct plant growth
promotion by microbes is based on improved nutrient
acquisition and hormonal stimulation. Members of the
bacteria genera,  and are well-
studied examples for plant growth promotion,

 and
and the fungal genera
and are model organisms to

demonstrate influence on plant health. Based on these
beneficial plant-microbe interactions, it is possible to
develop microbial inoculants for use in fruit crops.
Dependent on their mode of action and effects, these
products can be used as biofertilizers, plant strengtheners,
phytosimulators, and biopesticides. Altogether, the use of
microorganisms and the exploitation of beneficial plant-
microbe interactions offer promising and environmentally
friendly strategies for sustainable development of fruit crops
(Berg, 2009).  Significance of plant growth promotion and
rhizosphere competence in biocontrol is also considered
equally important (Whipps, 2001).

Rhizosphere modification through roots by soil
microorganisms exudation is an important attribute that
regulates not only the availability of nutrients in the soil but
also their acquisition by plants. A number of studies
(Shamseldin et al., 2010) have suggested that whole range of
microorganisms including arbuscular mycorrhizal fungi
(AMF) have helped to alleviate different nutritional
deficiencies in fruit crops.

Size of the soil microbial pool is often expressed in
terms of microbial biomass. Vigour and yield of orange crop
are affected by soil types due to variation in microbial
population (Zou et al., 1994), cultivar type (Singh et al.,
2002), and soil fertility (Yao et al., 2000). Rhizosphere soils
of 19 fruit crop from a horticultural farm of Bangladesh
Agricultural Research (BARI), Joydebpur, Gazipur were
assessed for AM spore population and determining
colonization in their roots. The spore numbers (100 /g soil)
ranged from 48 in lemon ( ) to 1,050 in custard
apple ( ) in 2004, which later increased
from 41 in pummelo ( ) to 962 in gooseberry
( ) in 2005, and from 44 in pummelo
( ) to 575 in wax apple (

) in 2006 (Khanam, 2007). Other studies
reported that using a trap culture technique, 26 species (Gai
et al., 2006) and as many as 60 species (Tchabi et al., 2008;
Brundrett, 2009; Wu et al., 2013) of AM were isolated
belonging to six genera,

and  Despite soil
being low or high in root colonizing population of AM
propagules, a definite relationship exists between AM

4

3.  Microbe-Perennial Crop Interaction

3.1 Analysis of Rhizosphere Microbial Diversity

Azospirillum Rhizobium
Bacillus,

Pseudomonas, Serratia, Stenotrophomonas,
Streptomyces Ampelomyces,
Coniothyrium, Trichoderma

Citrus limon
Annona reticulata

Citrus grandis
Phyllanthus embica
Citrus grandis Syzygium

samarangense

Glomus, Acaulospora, Paraglomus,
Archaespora, Pacispora,  Scutellospora.
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population and soil properties. The population of AM
propugules in soil showed a positive correlation with soil
properties such as N, organic C, available K, sand content,
pH, and per cent AM root infection capacity, but a negative
correlation with CEC, available P, silt, and clay content
(Joshi and Singh, 1995).

Studies on factors affecting the distribution of
in acid soils of south India revealed the

presence of in 35.2% of soils tested. The SOM
content showed no marked effect on the presence of these
organisms, except at high levels when a universal correlation
existed. A progressive increase in population
was observed with increase in level of P due to lime
application. Dehydrogenase and urease activity, microbial
population (fungi and bacteria), and OM content of the soils
increased with an increase in altitude up to 1100 m in
Arunachal Pradesh, India (Tiwari and Sharma, 1998).
Gandotra et al. (1998) observed the presence of
in 55 out of 66 soils studied in Himachal Pradesh (India)
representing soil orders viz., Mollisols, Alfisols, Ultisols,
Inceptisols, and Entisols. The soils of Paleudalfs and
Dystrochrepts were devoid of  Its population
varied widely, constituting less than 1% of total bacteria.
Haplustalfs and Hapludalfs had higher counts than other soil
orders. Of the various soil properties positively correlated
with Azotobacter population, a significant correlation was
observed only with pH, available P, and exchangeable Mg .
Three species viz., and

 were identified in these soils.

The occurrence of Azospirillum in the roots of a wide
range of crops like cotton, plantation crops, and orchard
crops has been reported under varying growing conditions
(Bashan, 1999). Subsequently, acid- and salt-tolerant strains
have also been reported (Magalhães et al., 1983). So far
taxonomists have identified many species in the genus

and
(Bhattacharya, 2001),  (Eckert et al., 2001),

 (Peng et al., 2006),  (Mehnaz et al.,
2007a),  (Mehnaz et al., 2007b),  (Young
et al., 2008), and  (Lin et al., 2009). Among the free-
living N-fixing bacteria,  is considered to have
more efficient nitrogenase properties than other N fixers. It
has been well demonstrated that -inoculated
plants were able to absorb nutrients from solution at faster
rates than uninoculated plants resulting in accumulation of
more dry matter, N, P and K in the foliage.

Soil microbial diversity besides being considered as one
of the soil quality indices, undergoes frequent changes in
response to management practices.  Studies on medium term
effects (12 years) on two management practices term

sustainable (ST) and conventional (CT) on soil microbial
composition and metabolic diversity of a rainfed mature
olive orchard showed more culturable fungi, bacteria,
metabolic diversity indices of microbial communities and
soil enzyme activities in ST than in CT (Sofo et al., 2010b).
Such changes in soil microbial communities responded
significantly towards distinct improvements in olive fruit
yield and quality (Sofo et al., 2010c).  In another study in
peach and kiwi fruit orchards, Sofo et al. (2010a) observed
greater magnitude of qualitative and quantitative changes in
soil microbial communities in response to an innovative
(characterized by minimum tillage, organic matter inputs
from composts and cover crops, water pruning and adequate
irrigation and fertilization) than in conventional
(characterized by conventional tillage, zero organic input,
empirical pruning, strong chemical fertilization and
excessive irrigation) soil management system.

A great variety of microbes, both as pure culture (as
broth) as well as carrier-based cultures have shown their
utility in diverse range of fruit crop (Table 2). These
observations lend strong support that such effective
microbes need to be fine tuned in combination with organic
manures and inorganic fertilizers so that their more value
added multi-dimensional response is visible in the context of
perennial fruit crops.

The rhizosphere supports large and active microbial
populations capable of exerting beneficial, neutral, or
detrimental effects of plant growth (Orhan et al., 2006).
Plant growth promoting rhizobacteria (PGPR) was first
described by Kloepper et al. (1989), as soil bacteria that
colonize the roots of plants following inoculation onto seeds
and that enhance plant growth. Later, Bashan and Holguin
(1998) proposed two new terms, biocontrol plant growth
promoting bacteria and plant growth promoting bacteria.
Azospirillum and Pantoea are defined as free-living, plant-
growth- promoting bacteria, capable of affecting the growth
and yield in numerous plant species, many of agronomic and
ecological significance (Bashan et al., 2004). Later, Herman
et al. (2008) suggested (

)-based PGPR for simultaneously
improved production in bell pepper and reduced aphid
infestation in peach. These PGPR have no preference for
crop plants or weeds, or for annual or perennial plants, and
can be successfully applied to plants that have no previous
history of PGPR in their roots (Dobbelaere et al., 2003).
There is a general consensus that  and plant
roots can be described as a mere colonization of the
rhizosphere, rhizoplane, and root interior (Govindarajan and
Thangaraju, 2001). The colonization is the result of a
selective enrichment of the organism best adapted to the

Azotobacter
 Azotobacter

Azotobacter

 Azotobacter

Azotobacter.

A. chroococcum, A. beijerinckii,  A.
vinelandi

Azospirillum viz., A. lipoferum, A. brasilense, A.
amazonense, A. halopraeferens,  A. irakense

A. doebereinrae
A. melinis A. canadense

 A. zeae A. rugosum
 A. picis

 Azospirillum

Azospirillum

Bacillus B. subtilis and B.
amyloliquefaciens

Azospirillum

2+
3.2 Nitrogen Fixing Microbes
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ecological niche formed by the root environment (showing
both chemotaxis and chemokinesis), whose beneficial
effects have been postulated to be partially due to production
of phytohormones including GA , gibberellic acid (Cassan
et al., 2001). The majority of bacteria are root colonizers, for

example,  has the ability to colonize at least 64
plant species (Bashan and Holguin, 1995). Therefore, most
of the studies demonstrated no host specificity in the

-root association (Scheludko et al. 2009).3

Azospirillum

Azospirillum

Table 2 : Response of different microbes on various growth, yield and nutrient uptake of fruit crops
Fruit crop Microbes involved Response parameters Reference
Pomegranate
(Punica granatum L.)

Azotobacter chroococcum-
Glomus mosseae

Plant canopy, pruned material,
rhizosphere changes and fruit
yield

Mir and Sharma (2012)

Grape
(Vitis vinifera L.)

Pseudomonas fluorescens Root development Wange and Ranawade
(1998)

Quince
(Cydonia oblonga Mill.)

Bacillus mycoides-B. subtilis Fruit firmness, soluble dry
matter and fruit yield

Arikan et al. (2013)

Navel orange
(Citrus sinensis (L.)
Osbeck)

Pseudomonas fluorescens (843)-
Azospirillum brasilense(W24)

Canopy volume and soil fertility Shamseldin et al. (2010)

Apple
(Malus domestica Borkh.)

Azotobacter chroococcum-
Pseudomonas striata-
Trichoderma viride

Germination, root growth, and
pest incidence

Raman (2012)

Peach
(Prunus persica (L.)
Stokes)

Azospirillum brasilense
Bacillus megatarium

Plant height, girth and canopy
growth

Mahmoud and Mahmoud
(1999)

Peach
(Prunus persica (L.)
Stokes)

Glomus fasciculatum –
Azotobacter chroococcum

Plant height, girth and
micronutrient concentration

Godara et al. (1996)

Pomegranate
(Punica granatum L.)

Azotobacter chroococcum-
Glomus mosseae

Plant height, pruned material
and fruit yield

Aseri et al. (2008)

Apple
(Malus domestica Borkh.)

Bacillus(OSU 142,M-3)-
Pseudomonas(BA-8)

Tree growth and fruit yield Aslantas et al. (2007)

Mango
(Mangifera indica L.)

Azotobacter chroococcum Seedling diameter and number
of leaves

Kerni and Gupta (1986)

Passion fruit
(Passiflora edulis Sims.)

Azotobacter sp.-Azospirillum sp.-
Trichoderma sp.

Improved plantlet growth and
yield

Quiroga-Rojas et al.
(2012)

Sweet orange
(Citrus sinensis Osbeck)

Azospirillum brasilense-Glomus
fasiculatum

Growth, fruit yield and nutrient
uptake

Singh and Sharma (1993)

Banana
(Musa acuminata L.)

Azospirillium sp. Height and girth of pseudo-
mostem, leaf area and yield

Jeeva et al. (1988)

Banana
(Musa acuminata L.)

Azotobacter chroococcum-
Azospirillum brasilense

Number of fingers, bunch
weight and leaf area

Tiwari et al. (1999)

Banana
(Musa acuminata L.)

Azospirillum brasilense-
Pseudomonas fluorescens

Fruit weight and finger size Suresh and Hasan (2001)

Sweet cherry
(Prunus avium L.)

Pseudomonas (BA-8) and
Bacillus (OSU-142)

Growth, yield and leaf nutrient
composition

Esitken et al.(2006)

Apple (Malus domestica
Borkh.)

Bacillus (M3)-Bacillus(OSU-
143)- Microbacterium

Growth, yield and plant nutrition Karlidag et al.(2007)

Apricot (Prunus
armeniaca(Linn.))

Bacillus(OSU-142) Shoot length, yield and leaf
nutrient concentration

Esitken et al. (2003)

Apricot (Prunus
armeniaca(Linn.))

Bacillus (OSU-142)-
Pseudomonas(BA-8)

Growth, yield and leaf nutrient
composition

Pirlak et al. (2007)

Nagpur mandarin
(Citrus reticulata Blanco)

Bacillus mycoides- B.
polymyxa,Trichoderma
harzianum- Azotobacter
chroococcum-Pseudomonas
fluorescens

Shoot weight, root weight and
rhizosphere microbial properties

Keditsu and
Srivastava(2014)

Walnut
(Juglans hegia L.)

Pseudomonas chlororraphis-
P.fluorescens - Bacillus cereus

Plant height, shoot and root dry
weight

Xuan Yu et al. (2011)

Papaya
(Carica papaya L.)

Glomus mosseae-G.fasciculatum
Gigaspora margarita

Growth and nutrient uptake Padma and Kandasamy
(1990)
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PGPR have been reported to enhance plant growth
directly by a variety of mechanisms; fixation of atmospheric
N that is transferred to the plant, production of siderophores
that chelate Fe and make it available to the plant root,
solubilization of minerals such as P, and synthesis of
phytohormones (Dobbelaere et al., 2001). Direct
enhancement of mineral uptake due to increases in specific
ion fluxes at the root surface in the presence of PGPR has
also been reported (Bertrand et al., 2000). Okon and
Gonzalez (1994) evaluated worldwide data accumulated
over the previous 20 years on field inoculation with

, and concluded that these bacteria are capable
of promoting the yield of crops in different soils and climatic
area.  spp. are involved in the biological
fixation of N and the increased activity of glutamate
dehydrogenase and glutamine synthetase (Ribaudo et al.,
2001; Thuler et al., 2003). brasilense produces
high quantities of extracellular indole-3-acetic acid (IAA),
increasing root elongation, root surface area, and root dry
matter (Molla et al., 2001). Basu et al. (2006) suggested that
a small amount of chemical fertilizer like Co (0.2 kg/ha)
showed a triggering effect on the efficacy of  in
groundnut (  L.).

Nitrogen-fixing bacteria and AM fungi were found to
enhance the growth and production of various fruit plants
significantly (Ghazi, 2006) besides improving the microbial
activity in the rhizosphere (Kohler et al., 2007). Aseri et al.
(2008) observed that the combined treatment of

and was found to be the most
effective since, besides enhancing the rhizosphere microbial
activity and concentration of various metabolites and
nutrients, these bioinoculants helped in better establishment
of pomegranate plants under field conditions. According to
some studies (Bashan and Holguin 1997), response of
microbial biofertilization is highly unpredictable results due
to their biological origin and susceptibility to various abiotic
stresses, besides difficulty in adjusting the inoculated
microorganisms into new soil environment. However,
considering the vital role of microbes in the maintenance
and buildup of soil fertility, their utility is indispensable.

In 1903, Stalatrom first reported microbial involvement
in the solubilisation of inorganic phosphate (Panda, 1990).
During 1907-1908, Sacket, along with other scientists
confirmed the solubilising capacity of different
microorganisms (Gaur, 1990). These phosphate-
solubilising microorganisms popularly known as PSM
involve phosphate sources, mainly of two types i.e. i.
mineral (fluorapatite, hydroxyapatite, tircalcium phosphate,
mono- and dicalcium phosphate, rock phosphate, and iron
phosphate) and ii.  organic nature (phytin, lecithin, hexose

monophosphatic ester, phenyl phosphate, and calcium
glycerophosphate). The highly populated PSM produce
significant quantities of organic acids as metabolic by-
products (Bhattacharya and Jain, 2000) namely formic,
citric, acetic, propionic, malic, succinic, fumaric, glycolic,
gluconic acid, etc. (Dubey et al., 1999) depending on various
C substrates. These organic acids are sources of biologically
generated H  ion, dissolve mineral phosphate, and make it
available to plants. The degree of phosphate solubilisation is
further influenced by pH, Eh, O , CO concentration, and by
the presence of organic material in the growing media.
Sometimes these acids form a unionised association with
meal (chelation) and increase the concentration of soluble
phosphate (Gyaneshwar et al., 2002). Many heterotrophic
microorganisms are known to have some ability to solubilize
inorganic P from insoluble sources. Microbial solubilization
of insoluble phosphates has also been reported through
acidification, chelation, ion exchange reactions and external
and internal accumulation of Ca  besides cell death lysis.

Various species of  as dual purpose
microbe (phosphate solubilizer as well as microbial
antagonist) were also effective in the promotion of growth
and yield in various crops (Bal and Altintas, 2006a). Both the
species of and
promoted growth of cucumber and cotton seedlings (Yedidia
et al., 2001), sweet corn (Bjorkman et al., 1998), cucumber,
bell pepper, and strawberry (Elad et al., 2006). On the other
hand, application of  was not conducive to
increased yields of some annual crops like tomato (Bal and
Altintas, 2006c), lettuce (Bal and Altintas, 2008), and onion
(Poldma et al., 2001), suggesting some kind of inconsistency
in response. However, other previous studies obtained
significant yield increase in cucumber and bell pepper using
a much higher dosage of P O  as 40 kg/ha (Altintas and Bal,
2008).

Unfortunately, many studies carried out in the past have
not been given due consideration due to exploit the
potassium solubilising ability of microbes. A critical review
by Mishustin et al. (1981) stated that although K is released
from silicates by microorganisms, the process is not active
enough to complete provision of the plants with this
element. In K-deficiency, the increased root exudation
accompanied by accelerated microbial proliferation and
respiration may lead to O  depletion in the rhizosphere, thus
favouring denitrification specifically.

Some microorganisms in soil environment contain
enzymes that function in ways analogous to chitinase and
celluloses, i.e. they specifically break down mineral
structure (Barker et al. 1997). Laboratory studies have
shown that microbes can increase the dissolution rate of

Azospirillum

Azospirillum

Azospirillum

Rhizobium
Arachis hypogaea

Azotobacter
chroococcum  Glomus mosseae

Trichoderma

Trichoderma viz., T. harzianum  T. virens

Trichoderma

3.3 Phosphate Solubilising Microbes

3.4 Potassium Solubilising Microbes

+

2+

2 2

2 5

2

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

75JNKVV, Jabalpur (M.P.)



silicate and aluminum silicate minerals, primarily by
generating organic and inorganic acids (Barker et al. 1997).
Although some of these organisms are free-living (plank
tonic) in solution, most of these bacteria are attacked to
mineral surfaces (Holm et al., 1992), where they can impact
water-rock interaction, mineral surface chemistry,
dissolution and precipitation of minerals, the evolution of
ground water geochemistry and soil formation (Neslson and
Stahl, 1997). Complete microbial respiration and
degradation of particulate and dissolved organic C can
elevate carbonic acid concentration at mineral surfaces, in
soils and ground water (Barker et al. 1998), which can lead
to an increase in the rates of mineral weathering by a proton-
promoted dissolution mechanism. In addition to carbonic
acid, microbes can produce and excrete organic ligands by a
variety of processes such as fermentation and degradation of
organic macromoleules, or as a response to nutrient stress
(Paris et al., 1996). The reports showed that silicates
dissolving bacteria could activate soil P, K, Si reserves and
promote plant growth (Sheng et al., 2003). Styriakova et al.
(2003) reported that the activity of silicate dissolving
bacteria played a pronounced role in the release of Si, Fe,
and K from feldspar and Fe-oxyhydroxides.

Microorganisms attached to soil mineral surfaces ably
create micro-environments where concentration of ligand,
acidity and redox activity is substantially improved
compared to the bulk soil, thus effecting mineral exchange
reactions (Barker et al., 1998).  A large number of ligands,
are not only oxalate but also pyruvate, citrate, succinate,
malate, gluconate, lactate and fumarate have been detected
in soils and on weathered rocks colonized by bacteria and
fungi (Krzyszowska et al., 1996). The so-called fluorescent
pseudomonads
and  produce a water-soluble yellow-green
fluorescent (under UV light) pigment called pyoverdine.
This pigment is responsible for the characteristics
fluorescence of the cell and has also been identified as an
iron-chelating siderophore (Fernandez et al., 1988).

Another important factor for the colonization of plant
roots, especially under iron-limiting condition, is the
synthesis of siderophores from  which are
iron-chelating compounds (Cornelis, 2010).
siderophore have a high affinity for iron, and when they
chelate this micro-nutrient, they make it less available for
other microorganisms, including plant pathogens (Weller,
2007). This mechanism is considered in direct plant growth
promotion by . In particular,
can synthesis siderophores in iron-limiting conditions,
being a factor that induces gene expression in operons
involved in siderophore synthesis. Other environmental

factors such as pH, presence of trace element nitrogen,
phosphorus and carbon are also important (Duffy and
Defago, 1999). It is known that compounds such as
siderophores are synthesized mainly during the exponential
growth phase, which is the stage in which the population
requires more nutrients for cell division (O'Sullivan and
O'Gra, 1992). Likewise, the pseudofactor-Fe complex has a
high stability constant (Chen et al., 1994). Other studies
suggested that virtually all excreted pseudobactin molecules
bind to Fe present in the medium. This complex acts as a Fe
(III) delivery system for its introduction through bacterial
cells (Loper and Henkels, 1999). Therefore, in
micronutrients such as rhizosphere, the synthesis of
siderophores is important to confer an advantage in the
competition for nutrients and space (Loper and Henkels,
1999).

 are not only found to solubilize
phosphorus but other important nutrients- through various
mechanisms. They react to limiting iron conditions by using
a high-affinity iron uptake system based on the release of
iron chelating molecules called Siderophores. This chelated
iron is not available to plant pathogens, whose activity is
thereby reduced (Baker et al., 1986), while plant roots can
take up chelated irons either directly or after reduction of
Fe  by plasma membrane reductases (Welch et al., 1993).
Trichoderma has been found to evolve mechanisms that are
involved in solubilization of Mn. Manganese can occur in
several oxidation states, but it is available to plants only in
the reduced form (Mn ). Higher oxidation states are
insoluble. The oxidation state of soil Mn depends on both the
soil condition (pH values below 6 favor reduction and values
above 6.5 favor oxidation) and the activity of rhizosphere
microorganisms that can either oxidize or reduce manganese
and thus influence its availability (Huber and McCay-Buis,
1993). Thus, microbial interactions with plant roots are
known to profoundly affect plant nutrient status. If some
strains of possess the ability to solubilize many
different nutrients, it would not be surprising to find that
multiple mechanisms are involved, even for a single
element. For example, solubilization of iron may involve
reduction of Fe  to Fe  as well as chelation of Fe  by
siderophores or chelating agents (Wu et al., 2013).

Mycorrhizae have also been helpful in improving the
uptake of diffusion limited micro nutrients such as P, Zn, Cu,
Mn, and Fe by the host plants (Graham, 1986) on account of
their ability to dissolve and promote absorption of these
elements. This is accomplished primarily by extension of
root geometry through symbiotic association in which
fungus utilizes carbohydrates produced by the host plants,
and plants in turn benefit by increased nutrients uptake,
especially noticeable in soils of low fertility. Graham and
Fardelmann (1986) observed higher uptake of Cu by

3.5 Microbial Solubilisation of Micronutrients
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citrange Glomus intraradices

Glomus  Gigaspora

Citrus
jambhiri Citrus limonia

A.
brasilense - P. striata/B. polymyxa

A. lipoferem - Agrobacterium
radiobacter/A. lipoferem-Arthrobacter mysorens

A. brasilense - Rhizobium

A. brasilense - A. chroococcum - Klebsiella
pneumoniae - R. meliloti
A. brasilense - R. leguminosarum in soybean (Neyra et al.,
1995), and A. brasilense/Streptomyces mutabilis - A.
chroococcum

A. brasilense - G.
fasciculatum

A. brasilense - Pantoea
dispersa A.
chroococcum - G. mosseae

Azotobacter
chroococcum Bacillus mycoides

Pseudomonas fluorescens
Bacillus polymyxa Trichoderma
harzianum

 inoculated with  while El-
Maksoud et al. (1988) observed greater uptake of N, P, Fe,
Mn, and Zn by roots and aerial parts of Sour orange
seedlings inoculated with and  sp. of
mycorrhizal fungi in both calcareous and sandy soils of
Egypt. Treeby (1992) observed increase in shoot Fe
concentration in mycorrhized over non-mycorrhized citrus
trees, more efficiently in an acidic environment. The exact
mechanism of such cause and effect is still not clear, whether
the endophyte is directly involved in Fe uptake, and supply
to the host, or it is an indirect effect of the change in root
growth habit. In another study, Onkarayya and Sukhada
(1993) observed higher concentrations of P, N and Zn in AM
inoculated rootstock seedlings of rough lemon (

), Rangpur lime ( ), Poncirus
trifoliata, Troyer citrange, Carrizo citrange, Citrumelo
excluding Cleopatra mandarin. Mycorrhizas, especially
Glomus mosseae in combination  with Pseudomonas
fluorescens has been observed to improve the Fe-efficiency
in grapevine ungrafted rootstocks (Bavereco and Fogher,
1992) and in grafted grape (Bavareco and Fogher, 1996)
under  calcareous soil conditions.

The most common objective of developing microbial
consortium is to capitalise on both the capabilities of
individual microbes and their interactions to create useful
systems in tune with enhanced productivity and, soil health
improvements through efficient metabolic functionality
(Brenner et al., 2008). Two major underlying principles are
applied in the whole process of development of microbial
consortium.  The first one is resource ratio theory which uses
both qualitatively and quantitatively in order to assess the
outcomes between component microorganisms competing
for shared limiting resources. This permits coexistence of
multiple microbes or the competitive exclusion of all but a
single microbe (Brauer et al., 2012).  And the second
principle theory relevant to microbial consortium is
maximum power principle  initially proposed by Lotka
(1992) and later modified  at various levels, is value for
analysing consortial interactions.   It also dictates that
biological systems that maximise fitness by maximising
power, is analogous to metabolic rate or the capacity to
capture and utilise energy (Sciubba, 2011). The microbial
consortium is classified (Klitgord and Segre, 2011) as
artificial (carrying two or more wild type microbes whose
interactions do not typically occur naturally), synthetic
(carrying microbes which  are modified  through
manipulations of genetic content) and natural (carrying
microbes having much wider applications like
bioremediation, wastewater treatment, biogas synthesis
etc.).

In a microbial consortium, there are different consortial
interaction motifs which by and large, comprise of division
of labor as functional differentiation and specialisation
(Briones and Raskin, 2003), synergistic division of
resources, each component serving as carbon or energy
source (Crespi, 2001), commensalism where one
component microbe provides an ecological niche for others
at no benefit or cost to itself (Rosche et al., 2009),
mutualistic, a relationship benefitting all component
microbes (Wintermute and Silver, 2010) and syntrophy
defined as resource exchanges  or cross feeding amongst
component microbes (Shou et al., 2007).

Coinoculation or combined inoculation of different
microbe types is another area which can be gainfully
exploited in formulating the microbially-rich substrate,
provided that information on the synergism between
different microbes is known (Marschner et al., 2004). In the
past, a number of studies have suggested the coinoculation
of different microbes, which can be summarized as:

 in sorghum (Alagawadi
and Gaur, 1992),

 in barley
(Belimov et al., 1995),  in lentil
(Yadav et al., 1992) and chickpea (Fabbrie and Del Gallo
1995),

 in alfalfa (Hassouma et al., 1994),

 in wheat (Elshanshoury, 1995). Many studies
on coinoculation of microbes involving AM fungi and
bacteria have also been suggested for improvement in both
yield and quality. These include:

 in wheat (Gori and Favilli, 1995), strawberry
(Bellone and de Bellone 1995),

 in sweetpepper (Amor et al., 2008), and
 in pomegranate (Aseri et al.,

2008).

Growth promoting microbes were isolated from
rhizosphere (0-20 cm) for development of MC through
extensive soil sampling (from the rhizosphere of as many as
110 plants) at the experimental site. The microbial diversity
existing within rhizosphere soil was isolated following
standard procedures, and characterized the promising
microbes for their nutrient mobilizing capacity through
laboratory-based incubation study using the same
experimental soil. The efficient microbes viz.,

 (asymbiotic N-form),  (K-
solubilizer),  (P-solubilizer),

 (P-solubilizer), and
 (P-solubilizer) were finally identified. Pure

culture of these microbes in value added form was developed
in broth, and prepared a mixture called MC. The

3.6 Microbial Consortium : A Novel Concept
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compatibility amongst these microbes was tested by
thoroughly their population dynamics in consortium mode
which showed no antagonism amongst them upto 90 days of
laboratory oriented incubation study (Srivastava et al.,
2014a).  Inocualtion with microorganisms under pot culture
conditions, has shown promising changes in soil properties
viz., water stable aggregate formation, soil enzymes,
glomalin related Bradford protein as glue agent binding soil
particles etc. using citrus as test crop (Wu et al., 2013).

The response of microbial consortium on rough lemon
seedlings (  Lush) showed a significant

increase in various growth parameters over control. The
inoculation with microbial consortium brought a significant
change in available supply of different nutrients in soil and
microbial biomass nutrients (Table 3). A significantly higher
soil fertility status with microbial consortium treated plants
was observed compared to untreated control. Similarly,
microbial biomass nutrients were higher in the rhizosphere
treated with microbial consortium than untreated control.
The above observations strongly supported the effectiveness
of microbial consortium in improving chemical and
biological indices of citrus rhizosphere(Srivastava et al.,
2014a).

Citrus jambhiri

Table 3: Response of microbial consortium on growth, soil fertility changes and soil microbial biomass nutrients in
rough lemon seedlings treated for 45 days

- Computed on the basis of analysis after 162 days of inoculation
- SMBN stands for soil microbial biomass nutrients
- Cmic, Nmic, and Pmic stand for soil microbial biomass-C, N and P, respectively.

Treatments Growth Soil available nutrients (mg/kg) SMBN (mg/kg)
Root
wt.(g)

Shoot
wt.(g)

N P K Fe Mn Cu Zn Cmic Nmic Pmic

Control 2.99 9.08 116.2 13.2 166.7 8.8 6.7 1.12 0.62 119.8 21.8 13.5
Treated 9.59 24.86 123.4 16.2 169.7 13.7 10.2 1.16 0.88 147.7 34.1 17.8
LSD(P=0.05) 3.65 5.63 3.95 2.0 NS 1.75 1.35 NS 0.12 9.85 2.5 1.25

3.6.1 Carrier-based substrate : Consistent efforts are
being made to find alternatives to conventional fertilizers,
media and practices, although chemical properties of
formulated substrates may affect plant growth and
nutritional response in varied ways. These comprise of : i.
improvement in soil hydraulic properties, ii. maintenance of
better available pool of nutrients, and iii. establishment of
dynamic soil microbial environment, more suited to crop
requirement (Altland and Buamscha, 2008). The origin of a
substrate and its pH are considered two most important
guiding principles in developing a substrate dynamic to
plant's rhizosphere in addition to physical stability, ease in
rewetting ability to withstand compression, and low
shrinkage rate over time (Altland, 2006). Dutt and
Sonawane (2006) observed excellent performance of
chrysanthemum (  L.) on a
substrate containing cocoa-peat-compost-rice husk.
Recently, studies (Altland et al., 2008) documented that
DFB (Douglas Fir Bark) alone provided sufficient
micronutrients for annual vinca (  L.)
grown at low pH (4.6-5.5). While Hernandez-Apaolaza et al.
(2005) suggested that the use of pink bark in coconut (

 L.) coir-based media formulations served as one
alternative of recycling waste materials. Fisher et al. (2006)
suggested peat-based substrate pre-treated with lime with
adjusted pH within an optimum range was physico-
chemically very effective.

Coir dusts with a particle size distribution similar to
peat showed comparatively higher aeration and lower
capacity to hold total and easily available water. An air-water
balance similar to that in peat became apparent in coir dust at
a comparatively lower coarseness index (29% vs. 63% by
weight in peat). Stepwise multiple regression analysis
showed that particles with diameters in the range of 0.125 to
1 mm had a remarkable and highly significant impact on the
physical properties, while particles < 0.125 mm and > 1 mm
had only a slight or non-significant effect (Abad et al., 2005).
Four types of media [coir, 1 coir: 2 peat (by volume), peat,
and sandy loam soil] were evaluated by Merhaut and
Newman (2005) for their effects on plant growth and nitrate
(NO ) leaching in the production of oriental lilies (
L.) 'Starfighter' and 'Casa Blanca'. Results indicated that the
use of coir and peat did not significantly influence plant
growth (shoot dry weight) relative to the use of sandy loam
soil. However, substrate type influenced the amount of NO
leached through the media and N accumulation in the shoots
for 'Starfighter', but not for 'Casa Blanca'. Various recipes for
potting mixture have been developed (Salifu et al., 2006).

A rhizosphere-based microbe, if it is effective in
triggering the plant growth, it should effectively utilise the
nutrient as a source of energy for microbial proliferation. A
strain of  was tested in vitro for its

Chrysanthemum indicum

Catharanthus roseus

Cocos
nucifera

Lillium

 Trichoderma harzianum

3

3

-

-

4. Nutrient-Microbe Synergy

4.1 In-vitro Response

Source : Wu and Srivastava (2012)
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compatibility with different concentrations of commonly
used inorganic fertilizers. Four different inorganic fertilizers
viz., urea, single super phosphate (SSP), muriate of potash
(MOP) and calcium ammonium nitrate (CAN) were used,
each at concentrations of 100, 200, 500, 1000, and 2000
ppm. Urea at 1000 ppm and above increased the canopy
diameter of T.harzianum by 11.1%. MOP increased the
growth of the biological control agent at all concentrations
tested while SSP and CAN both inhibited it. The inhibition
ranged from 8.8% to 23% for SPP and from 11.1% to 71.9%

for CAN and increased with the increase in concentration
(Shylaja and Rao, 2012). Response of different
concentrations of all the seven commercially used fertilizers
was observed statistically significant (Table 4). Interestingly
colony growth of and

 were triggered by all the nutrients off course at
varying concentrations much against our conventional
notion that soil looses its biological dynamism owing to
repeated and indiscriminate use of inorganic source of
nutrients.

Pseduomonas fluorescens  Bacillus
mycoides

Fertilizer type Fertilizer concentration (ppm)
Control 100 200 400 800 1600 CD (P=0.05)

----------Colony growth (mm)----------
Pseudomonas fluorescens
Urea 14.0 20.5 30.5 21.6 22.0 16.0 1.41
KH2PO4 13.3 16.6 21.3 18.5 18.3 18.5 1.64
MOP 12.6 21.0 22.3 23.3 25.6 22.3 0.84
FeSO4 14.6 21.5 20.3 16.0 16.0 16.2 0.94
ZnSO4 16.3 24.0 19.0 20.6 19.0 17.5 1.10
Bacillus mycoides
Urea 18.3 27.6 29.6 32.3 33.3 34.3 2.18
KH2PO4 33.0 35.3 36.0 34.6 32.6 38.6 1.10
MOP 29.0 23.6 30.6 32.3 33.6 31.6 0.80
FeSO4 31.6 32.3 32.3 22.6 20.3 19.6 0.90
ZnSO4 27.0 33.0 31.0 28.0 14.3 - 1.81
MnSO4 29.3 29.6 17.5 - - - NS

Table 4 : Nutrient microbe interaction response (measured by colony growth in mm) under controlled conditions

Source : Srivastava et al. (2014a)

4.2  In-vivo Response

In-vivo studies (Table 5) on the other hand, have
revealed astonishing results exploiting the inorganic/
nutrient-microbe synergy commercially to really unlock the
possible productivity stagnation in fruit crops.

A review of long-term experiments conducted around
the world indicated that chemical fertilizer alone is not
enough to improve or maintain soil fertility at high levels and
the soil acidification problem caused by over-application of
synthetic N fertilizers can be reduced if more fertilizer N is
applied as NO  relative to ammonium- or urea-based N
fertilizers (Pathak and Nedwell, 2011).  Organic fertilizers
can improve soil fertility and quality, but long-term
application with high rates can also lead to more nitrate
leaching, and accumulation of P, if not managed well. Well-
managed combination of chemical and organic fertilizers
can overcome the disadvantages of applying single source of
fertilizers and substantially achieve higher crop yields,
improve soil fertility, alleviate soil acidification problems
and increase nutrient-use efficiency compared with only
using chemical fertilizers (Miao et al., 2011).Organic
amendments comprising manures have helped in increasing
the fruit yield coupled with quality, effectively replacing
mineral fertilizers in the nutrient management of

commercial fruit tree orchards through associated changes
in soil C pool, microbial pool and available nutrient pool of
soil (Montanaro et al., 2012).

Nutrient (nutrient as well as inorganic source)-microbe
as tripartite association on the other hand is better known in
fruit crops (Srivastava, 2009; 2012; Khehra and Bal, 2014)
with respect to both agronomic response as well as soil
health. An array of fruit crops have been reported to respond
to the synergies originated through combination of organic
nutrient-microbe-inorganics (Table 6). And such
associations have invariably witnessed substantially higher
productivity than any single component alone. However,
there is a greater need to expand such plant response
advantages using more rhizocompetent microbes preferably
in consortium mode, plant response as well as soil health
response both have to be sustained on a long term basis.
Accrued long term field experiment data on evaluation of
organic nutrient-microbe- inorganics  populary known as
integrated nutrient management (INM) strategy in Nagpur
mandarin (  Blanco) carried out with the
objective of working out an efficient INM module grown on
Vertic Ustochrept showed much better effectiveness of
microbial consortium (MC)  when used in  combination
with inorganic fertilizers (IF) fertilizers and  organic manure
(OM), farmyard manure (FYM) or vermicompost (Vm).

3

Citrus reticulata

MOP stands for muriate of potash
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However latter could produce much higher magnitude of
response (Table 7). The net increase in canopy volume
within four years (2007-12) with 100% recommended dose
of fertilizers (RDF) was much higher compared with 75%
RDF plus 25% Vm plus MC, with significantly better fruit
quality parameters.  Soil quality parameters in terms of soil
microbial biomass (SMB) and soil microbial biomass
nutrients (SMBN) were much lower with 75% RDF plus
25% Vm plus MC as compared with exclusive use of IF as
100% RDF. These changes within rhizosphere were very
well translated into consequent improvements in leaf
nutrient composition, being significantly higher with 75%
RDF plus 25% Vm plus MC over 100% RDF. These
observations warranted strong support in favour of INM-

based treatments than sole use of IF (Srivastava et al.,
2014c). Such changes in soil management practices will
play a significant ecological role in switching the
rhizosphere from C source to net C sink (Table 7).  However,
carbon economy at orchard scale is mainly driven by the
capture versus emission trade-off.  Soil CO  flux on the other
hand is very  heterogeneous, mainly due to spatial variability
in soil structure, temperature, moisture, population density
of bacteria and fungi and to the root density as well as to the
concentration of organic matter in the soil (Yang et al.,
2007). Such changes are also dictated by perennial fruit-
based land use against the nature of reference land use,
usually taken forest as standard land use (Bernardi et al.,
2007).

2

Crop Type of nutrient-microbes involved Response parameters Reference
Banana
(Musa acuminata L.)

Azosprillum brasilense - 100%
RDF-based N

Leaf N content, chlorophyll content
and bunch weight

Tiwari et al .
(1999)

Banana
(Musa acuminata L.)

Azotobacter chroococcum – 80%
RDF-based N

Plant height, number of leaves and
shoots, and pseudo-stem diameter

Dibut-Alvarez et
al. (1996)

Apple
(Malus domestica Borkh.)

Azotobacter chroococcum – 80%
RDF-based N

Fruit yield and leaf nutrient
composition

El-Boray et al .
(2006)

Mango
(Manifera indica L.)

Azotobacter chroococcum – 48 g
N/seedling

Plant height, seedling diameter and
number of leaves

Kerni and Gupta
(1986)

Banana
(Musa acuminata L.)

Azotobacter chroococcum – 75%
inorganic N

Total sugar, starch and protein Sharma (2002)

Mosambi
(Citrus sinensis Osbeck)

Glomus fasciculatum – 75% P 2O5

+ 25% N
Plant height, trunk diameter, canopy
volume and biomass production

Singh et al. (2002)

Peach
(Prunus persica (L.) Stokes)

Azotobacter chroococcum 75% N
(as RDF)

Plant height, girth and number of
leaves

Godara et al .
(1995)

Table 5 : Response of nutrient-microbe synergy in different fruit crops.

RDF stands for recommended doses of fertilizers

Crop INM Practices Reference

Guava
(Psidium guajava L.)

FYM 50 kg/plant – Azotobacter sp 50 g/plant - Azospirillum sp 50
g/plant – Sesbania sp as green manure

Ram and Rajput (2000)

Pomegranate
(Punica granatum L.)

400 g N- 100 g P2O5 – 300 g K2O /plant – FYM 20 kg/plant, Ghosh et al. (2012)

Papaya(Caria papaya L.) Vermicompost 20 kg/plant – rhizosphere culture 50 g/plant
- 150 N – 200 P2O5 – 200 K2O g/plant (75% RDF)

Kirad et al. (2010)

Banana
(Musa acuminata L.)

FYM 12 kg/plant – Azospirillum sp 50 g/plant - Phosphate
Solubilising Bacteria 50 g/plant T.harzianum 50 g/plant

Hazarika and Ansari
(2010)

Banana
(Musa acuminata L.)

50% RDF - FYM 20 kg/plant – Azotobacter sp 50 g/plant –
Phosphate solubilising bacteria 50 g/plant –VAM 250 g/plant

Patil and Shinde (2013)

Guava
Psidium guajava L.)

488 g N – 244 g P 2O5 - 281 g K 2O/plant – FYM 50 kg/plant –
Azotobacter 250 g/plant – phosphate solubilising bacteria 25 g/plant

Barne et al. (2011)

Strawberry(Fragaria
ananassa Duches)

75% N as RDF – 25% N as FYM – Azotobacter sp Umer et al. (2009)

Pomegranate
(Punica granatum L.)

300 g N/plant – neem cake 1 kg/plant Ray et al. (2014)

Banana
(Musa acuminata L.)

100% RDF – 40% Wellgrow organic manure Kuttimani et al. (2013)

Peach(Prunus persica (L.)
Stokes)

75% RDF - 25% N equivalent FYM Shah et al. (2014)

Lemon (Citrus limon
(L.)Burm.f.)

N 525 g/plant – FYM 150 kg/plant – Azotobacter sp 18 g/plant Khehra and Bal (2014)

Table 6 : Different components of integrated nutrient management recommended for different fruit crops
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Crop INM Practices Reference

Apricot(Prunus
armeniaca(Linn.))

75% RDF – 25% FYM Shah et al. (2006)

Papaya
(Caria papaya L.)

50% RDF (100 N – 100 P2O5 – 125 K2O g/plant)- Azotobacter sp 50
g/plant – Phosphate solubilising bacteria 2.5 g/m2

Singh and Varu (2013)

Guava
(Psidium guajava L.)

50% RDF (250 g N – 100 g P 2O5 - 250 K 2O g/plant) - FYM 25
kg/plant – vermicompost 5 kg/plant

Dwivedi (2013)

Sapota(Achras zapota L.) 75% RDF + 25% RDF equivalent vermicompost Hebbarai et al. (2006)
Mango
(Mangifera indica L.)

500 g N - 250 g P2O5 – 250 K2O g/plant –
50 kg FYM/plant – Azospirillum sp 250 g/plant

Singh and Banik(2011)

Mango
(Mangifera indica L.)

250 N – 425 P2O5 – 1000 K2O – Azospirillum sp 250 g/plant – PSB
– 250 g/plant – ZnSO4 100 g/plant – Borax 100 g/plant

Hasan et al. (2012)

Banana
(Musa acuminata L.)

100 % RDF – FYM 10 kg/plant – Azospirillum sp 25 g/pant
Phosphate solubilising bacteria 250 g/plant

Bhalerao et al. (2009)

Guava
(Psidium guajava L.)

236 g N – 66 g P2O5 – Azospirillum sp 30 g/plant – VAM 30 g/plant Dutta et al. (2009)

Mosambi(Citrus sinensis
Osbeck)

300 g N – 250 g P2O5 – 300 g K2O – AMF 10 g/plant - Azospirillum
sp 25 g/plant

Patel et al. (2009)

Guava(Psidium guajava L.) 250 g N – 100 g P – 250 g K2O /plant – Azotobacter sp 250 g/plant Shukla et al. (2009)
Litchi
(Litchi chinensis Sonn.)

500 g N – 250 g P 2O5 – 500 g K 2O /plant – FYM 50 kg/plant –
Azotobacter sp 150 g/plant – VAM 100 g/plant

Dutta et al. (2010)

Aonla
(Emblica officinalis Gaertn.)

50% NPKS (105 kg N – 7.20 kg P 2O5 – 125.25 kg K 2O/ha) –
Biofertilizers ( Azotobacter sp – Azospirillum sp – Phosphate
solubilising bacteria ) – FYM (2 tons/ha)

Yadav et al. (2007)

Aonla
(Emblica officinalis Gaertn.)

100 g N – 25 g P 2O5 – 150 g K 2O/plant – FYM 10 kg/plant –
Phosphate solubilising bacteria 50 g/plant

Mandal et al. (2013)

Sapota
(Achras zapota L. )

1500 g N – 1000 P 2O5 – 500 g K 2O/plant – 75 kg FYM – 12.5
g/plant PSB

Dalal et al. (2004)

Guava
(Psidium guajava L.)

50% RDF (225 g N – 195 g P 2O5 – 150 g K 2O/plant)- FYM 50
kg/plant – Azospirillum 250 g/plant

Goswami et al.(2012).

 RDF and PSB stand for recommended doses of fertilizers and phosphate solubilising bacteria predominantly ( ),
respectively

Pseudomonas fluorescens

Treatments Fruit
yield*

(kg/tree)

Fruit quality parameters
(%)*

Rhizosphere properties Carbon
emission

rate
(mg

C/m2/hr)

SMB SMBN
(cfu x 103/g

soil)
(mg/kg)

Juice TSS Acidity BC FC Cmic Nmic Pmic

T1(100% RDF) 15.6 46.4 9.2 0.78 32 16 152.1 19.1 16.1 -
T2(75% RDF + MC) 8.4 47.2 8.9 0.78 31 16 146.3 19.3 15.2 -
T3(75% RDF + 25% FYM) 9.2 47.8 9.3 0.70 45 19 159.1 23.9 15.9 -
T4(50% RDF + 50% FYM) 9.8 46.9 9.4 0.71 44 20 164.1 25.6 17.0 -
T5(75% RDF + 25% FYM+MC) 14.5 46.8 9.2 0.79 57 25 169.7 29.6 17.6 -
T6(50% RDF + 50% FYM+MC) 12.8 46.9 9.4 0.80 48 26 169.2 30.3 19.3 -
T7(75% RDF + 25% Vm) 34.8 47.2 9.3 0.74 50 25 169.6 29.2 18.9 6287.6
T8(50% RDF + 50% Vm) 38.9 48.4 9.6 0.70 53 26 176.1 29.8 20.4 2773.6
T9(75% RDF + 25% Vm + MC) 38.6 48.8 9.7 0.70 68 41 202.5 49.4 24.5 2584.9
T10(75% RDF + Gm + MC) 11.2 47.2 9.2 0.74 50 25 178.6 31.8 18.6 2432.8
T11(50% RDF + Gm + MC) 10.6 47.2 9.0 0.74 44 25 170.7 28.6 17.2 1396.4
CD(P=0.05) - - - - 3.7 2.2 2.6 1.9 3.0

Table 7 : Response of microbial consortium in integrated nutrient management module on fruit yield, quality and
rhizosphere properties of Nagpur mandarin(2007-2013)

*  Fruit yield and fruit quality parameters represent initial 3 seasons only.
-   MC stands for microbial consortium developed by isolating the native microbes from the experimental soil  (mixture of

and )
-   FYM, Vm,Gm, and RDF stand for farmyard manure, vermicompost, green manuring, and recommended doses of fertilizers,

(600 g N - 200 g P O  - 100 g K O/plant)  respectively
-    BC and FC stand for bacterial count and fungal count, respectively.
    SMB and SMBN stand for soil microbial population and soil microbial biomass nutrients, respectively.

Azotobacter chrococcum,  Bacillus   mycoides, Bacillus polymyxa, Pseudomonas fluorescens  Trichoderma harzanium

2 5 2

Source : Srivastava et al. (2014a)
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5.  Research and Development Issues
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Accessibility of net land and water-resources for
agriculture is rapidly declining, causing huge loss in
agricultural productivity in addition to the ever increasing
concentration of herbicides, pesticides and heavy metals in
agricultural systems. Around the world there is an increase
concern about food, health and environment which are
directly or indirectly linked with soil resources. After green
revolution intensive agriculture has been practiced with use
of excess chemical fertilizers and pesticides to achieve
higher yield to meet the food demand, which ultimately goes
to soil and after saturating the crop's needs deteriorating the
soil health and environmental quality. These issues can only
be dealt efficiently with the aid and continuous flow of new
technologies into the agriculture sector.

Emergence of nanotechnology has provided an
opportunity to relook in this direction to minimize the
traditionally used chemicals for crop production with
potential use efficiency of these inputs. Nanotechnology is a
novel tool for captivating apart and reconstructing nature at
the atomic and molecular level. It embodies the dream that
scientists can remake the world from the atom up, using
atomic level manipulation to transform and construct a wide
range of new materials, devices, living organisms and
technological systems.

Nanotechnology is visualized as a rapidly evolving
field with high potential to revolutionize agricultural and
food systems. It is viewed as a potential tool to enhance the
quality of the agricultural based products and natural
resources especially soil. It may also boosts rural economy
by promoting sustainable agriculture, facilitating farm costs
reduction and up lift product-values (Gruere et al., 2011).

Nanotechnology and nanoscience involve the study of
phenomena and materials, and the manipulation of
structures, devices and systems that exist at the nanoscale (<
100 nano meters) in size. The properties of nanoparticles are
not governed by the same physical laws as larger particles,
but by quantum mechanics. The physical and chemical
properties of nanoparticles (colour, solubility, strength,
chemical reactivity and toxicity etc.) can therefore be quite
different from those of larger particles of the same
substance. The altered properties of nanoparticles have
created the possibility for many new profitable products and

applications. In fact, nano-technology has opened up new
opportunities to improve inputs use efficiency, minimize
costs and environmental deterioration. Therefore, the scope
for application of nanotechnology in agricultural system
needs to be prioritized in 21st century to accelerate the
productivity of crops and sustains the soil health and
environmental quality through promoting use of
Nanoparticles (fertilizers & pesticides) and Nanosensors
(soil microbial activity).

Development of nanotechnology is one of the key
outcomes of 21st century. United States National
Nanotechnology Initiative has described four generations of
nanotechnology development as described in figure 1.

Nanotechnology has found applications in controlling
release of nitrogen, characterization of soil minerals, studies
of weathering of soil minerals and soil development, micro-
morphology of soils, nature of soil , nutrient ion transport in
soil-plant system, emission of dusts and aerosols from
agricultural soil and their nature, geoponics, and precision
water farming. In its stride, nanotechnology converges soil
mineralogy with imaging techniques, artificial intelligence,
and encompasses bio molecules and polymers with
microscopic atoms and molecules, and macroscopic
properties (thermodynamics) with microscopic properties
(kinetics, wave theory, uncertainty principles, etc.).

Developments in nanotechnology

Nanotechnology for improving soil health

Figure 1. Developments in nanotechnology
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Application of nanotechnology in agriculture

Application of nanotechnology in soil research

Nanofertilizers for improving soil health

There are many challenges facing the farming and
agriculture industries, including a growing demand for
healthy and safe food, disease risks and threats to natural
resource especially soil, water and air under present climate
change scenarios. The prediction is that nanotechnology will
transform agriculture, changing the way food and other
crops are produced, processed, packaged, transported, and
consumed. Some of the key applications of nanotechnology
in agriculture are depicted in figure 2.

Nanotechnology has great opportunity for its potential
application in soil research to sustain soil health and
productivity. Some of the important uses of nanotechnology
in soil research are enlisted below:

Characterization of soil minerals
Study of weathering of soil minerals.
Assessment of soil development
Evaluation of micro-morphology of soils
Appraisal of nature of soil
Controlled release of plant nutrients
Study of nutrient ion transport in soil-plant system
Estimation of emitted dusts and aerosols from
agricultural soil and their nature.

Fertilizer is the focal point of the agricultural system
which plays an invaluable role in sustaining optimal farm
productivity while conserving and protecting air, water and
soil resources. While, the proper fertilizer type and
application can enhance the soil productivity, water
utilization, retention, conservation and carbon sequestration
directly or indirectly, however the inappropriate use can lead
to significant soil contamination, degradation, GHGs

emission and water contamination (Figure 3). Consequently,
the agriculture growth principally relies on the fertilizer
technology advancement and proper implementation.
However, the application of currently used, synthetic
fertilizers is very inefficient and a large portion of plant
nutrients is not utilized by plants and enters the environment
as non-point source pollution. Polymer-coated controlled-
release fertilizers (PCRFs) are among the newest and most
technologically sophisticated that allow much more time-
extended availability of nutrients for plant uptake and use
after application. However, one fundamental drawback is
that PCRFs may leave undesired residues (up to 15% wt) of
synthetic polymer material on the fields, potentially leading
to an undesirable contamination/degradation of soil. In
addition, the cost of manufacturing is still considerably
higher as compared to the production of conventional
mineral fertilizers. Careful handling is also necessary to
avoid any damage to the coating.

A nanofertilizer refers to a product that delivers
nutrients to crops encapsulated within a nanoparticle. There
are three ways of encapsulation: a) The nutrient can be
encapsulated inside nanomaterials such as nanotubes or
nanoporous materials; b) coated with a thin protective
polymer film; c) delivered as particles or emulsions of
nanoscale dimensions. Nanofertilizers could be used to
reduce nitrogen loss due to leaching, emissions, and long-
term assimilation by soil microorganisms (De Rosa et al.,
2010). Recently carbon nanotubes were shown to penetrate
tomato seeds (Khodakovskaya et al., 2009), and zinc oxide
nanoparticles were shown to enter the root tissue of ryegrass
(Lin and Xing, 2008). This suggests that new nutrient
delivery systems that utilize the nanoscale porous domains
on plant surfaces can be developed. But, the nanofertilizers
should show sustained release of nutrients on-demand while
preventing them from prematurely converting into
chemical/gaseous forms that cannot be absorbed by plants.

l

l

l

l

l

l

l

l

Figure 3: Relationship among applied fertilizers with
natural resources.

Figure 2: Key applications of nanotechnology in
agriculture systems
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To achieve this, biosensor could be attached to this
nanofertilizer that allows selective nitrogen release linked to
time, environmental and soil nutrient condition. Slow-
controlled-release of fertilizers may also improve soil health
by decreasing toxic effects associated with fertilizer over
application

Nanobiosensors are modified version of biosensor
which may be defined as a compact analytical device/unit
incorporating a biological or biologically derived sensitized
element linked to a physico-chemical transducer (Turner,
2000). In the year 1967, the first biosensor was invented
(Updike and Hicks, 1967) which led to the development of
several modified biosensors. Interestingly, since early 20th
century the concept of biosensors existed but their uses were
limited only in laboratories and with advent of sciences
several modern biosensors were designed. Overall, there are
three so-called "generations" of biosensors; first generation
biosensors operates on electrical response, second
generation biosensors functions involving specific
"mediators" between the reaction and the transducer for
generating improved response, and in third generation
biosensors the reaction itself causes the response and no
product or mediator diffusion is directly involved (Kurzawa
et al., 2002).

Nanoparticles can be applied in different ways in soil
remediation appreciation to their sorption capacity.
Nanoparticles can be used to interact with polymorphs,
minerals, contaminants and nutrients. In particular, they can
be used to absorb metal and anionic contaminants (arsenic,
chromium, lead, mercury, selenium, copper and uranium)
natural organic matter, organic acids, and heavy metals
(Changa and Chen, 2005; Mercier and Pinnavaia, 1997;
Yang et al., 2006). Contaminant sequestration is achieved by
surface complexation or encapsulation in interior interfaces
of nanoparticles aggregates (Lu et al., 2007; Tungittiplakorn
et al., 2005) that can also be used for groundwater cleanup
and remediation. In particular, copper oxide nanoparticle
have been used for arsenic adsorption (Martinson and
Reddy, 2009), zero valent iron nanoparticles for remediation
of organic pollutants (Ponder et al., 2001), nanoporous
appetite for removal of radionuclides and contaminants (El
Asria et al., 2009).

Nanoparticles are involved in natural processes as soil
development and nutrient cycling but can also act as vehicles
of contaminant transport, alter the bioavailability of
substances and hence their toxicity. Particles in the

nanoscale (colloids) are abundant in all environmental
compartments which. These nanophases are composed of
natural organic matter (humic substances), are biota itself
(viruses, bacteria including pathogens), inorganic particles
(clays, oxides or carbonates) or originate either from
nanotechnology or from wear/combustion/ corrosion.
Different processes can influence nanoparticle behaviour
once introduced in soil (Qafoku, 2010 and Tourinho et al.,
2012).

Nanocrystals produce credited to a self-assembly of
primary nanoparticles in an irreversible and specific mode,
obtaining an oriented aggregation. Another non-classical
method provides the progressive inclusion of defects into
preliminary defect-free nanocrystals.

Nanoparticles are more stable when they have low
surface energy and, among the geochemical variables that
influence nanoparticles stability, solution pH is the most
important. Other parameters are the attachment of adsorbed
ions or organic compounds that usually stabilize
nanoparticles and control their structure, size and
composition.

Phase transformation is an important process in soil that
affects contaminant mobility. In fact, new mineral
nanoparticles are formed in soil when they interact with
contaminants, leading to a change in their behaviour.

Spontaneous aggregation is due to attractive
interactions with Vander Waals forces between
nanoparticles. Once aggregated, the nanoparticles can
precipitate and can barely be transported by water. In this
way, the ability of nanoparticles to adsorb and carry organic
chemicals decreases. Factors that affect nanoparticles
aggregation are: particle shape, size, surface area, surface
charge and surface coatings. In particular, pH and ionic
strength control nanoparticle aggregation. Coating
nanoparticle with surface functional groups or organic
molecules (surfactants, biopolymers, starch, proteins and
phospholipids) can alter their surface charge or their static
interactions, promoting nanoparticles dispersion.

It is commonly assumed that nanoparticles are highly
mobile in porous media because they are much smaller than
the relevant pore spaces; but this is an oversimplification. In
general, the mobility of nanoparticle in saturated
environmental porous media is determined by the product of
the number of nanoparticle collisions with the porous

Nanobiosensors

Applications of nanoparticles in soil remediation

Factors and processes affecting the behaviour of
nanoparticles in soils

Growth

Stability

Phase transformation

Aggregation

Mobility
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medium per unit transport distance, and the probability that
any collision will result in removal of the nanoparticle from
the flow system (sticking coefficient). This has led to
considerable interest in surface modification of
nanoparticles to increase transport distances.

Over time, nanoparticles can be coated with thin layers
of other phases leading to a decrease in surface area and
reactivity, and an increase in structural defects.

This is defined as the surface area of a sphere A/V=3/r.
As shown by the formula, smaller particles have a larger
surface area and because of their large surface area and
surface defects, nanoparticles in soil are very reactive.

Various definitions have been given for nanosize, but
most invoke (or imply) the notion that there is a size regime
between that of molecules and materials where particles
have properties that are unique, or at least qualitatively
different than those of larger particles. The most compelling
examples of such properties arise only for particles smaller
than approximately 10 nm, where particle size approaches
the length scale of certain molecular properties.

This discussion of the morphology, reactivity, and
mobility of nanoparticles in the context of environmental
remediation demonstrates that we still do not have a
complete understanding of the basic processes involved in
nanotechnology. Specifically, with respect to in-situ
applications to remediation of environmental porous media,
there has still not been any research and development that
directly and substantially addresses the issue of risk. This
dilemma of how to regulate the application of nanoparticles
to remediation continue to be based largely on
extrapolations from considerations developed from studies
of related, but potentially quite different, contexts where
nanoparticle occur in the environment. Some methods for
assessing the environmental distribution of nanomaterials
have been described (Christian et al., 2008; Hassellov et al.,
2008; Klaine et al., 2008 and Tiede et al., 2008). These
continue to be developed so that the complex issues of fate in
different media may be addressed. Nevertheless, much
information is still needed in this area. In addition to above
some other factors affecting properties of nanoparticles are
hydration, temperature, impurities, pH and ionic strength of
the media (Qafoku, 2010).

Nanotechnology includes the design of materials with
virtually infinite possibilities. There is a great need to test the

safety of these nanomaterials once exposed to the
environment and living organisms, avoiding toxic materials
and developing healthy alternatives. The potential and
positive benefits of these materials should be selected
according to their impact on the natural resources including
soil water and air. Intelligent use of nanomaterials can
contribute to improve soil health, environmental quality and
sustainability and to develop detection and sensing
techniques for biological and chemical toxins, remediate
and destroy the finest contaminants from soil and water, and
discover green industrial processes that reduce energy
consumption. The potential for the application of
nanotechnologies is enormous and much is still to be
discovered.
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Soils host a huge diversity of microbes (fungi and bacteria)
and fauna (protozoa, micro arthropods, nematodes etc) for
which our knowledge of function and diversity remains very
limited. Soil microorganisms consist of both prokaryotes
(bacteria actinomycetes, blue green algae) and eukaryotes
(fungi, microscopic algal, protozoans). Soil microbes
varying greatly in their properties and functions, which
include heterotrophs and autotrophs, aerobes and anaerobes.
They differ sharply in optimum pH, temperature, osmotic
pressure and source of organic and inorganic matter used.
The number of soil microorganisms varies with the season
more in spring and fall and fewer in winter and summer. The
top layer of soil have more microorganisms then do the
lower layers and  are abundant in the root zone of plants
(rhizosphere).

The plant pathogens are among the first organisms to
experience the climate change for its population dynamics
i.e. multiplication, virulence, survival, dispersal. Thus, these
key indicators must be evaluated for the impact of nature and
magnitude. Global climate change responsible for the
emergence of new disease or existing minor once becoming
as major.

Climate change will affect plant disease directly or
indirectly because changes in environmental conditions are
strongly associated with differences in the level of losses
caused by a disease because the environment significantly
influences plants, pathogen and their antagonists. The
changes associated with global warming (increased temp.
changes in the quantity and pattern of precipitation,
increased CO  and Ozone levels, drought) may affect the
incidence and severity of plant disease. The increase in mean
winter temperature, the shift in precipitation from summer to
winter and the tendency toward heavy rain favors the
infection of  sp. Climate change have multiple
effect on the epidemiology of plant diseases including the
survival of primary inoculum, the rate of disease progress
during a growing season.  It has also impact on the duration
of epidemics, stage and rate of development of the pathogen,
effect on host resistance, change in the physiology of host-
pathogen interactions.

Disease out breaks occurs with changes in climatic
conditions (temperature and moisture) that favour the
growth, survival and dissemination of pathogens. A change
in climatic condition can help or force the disease to expand
its normal stage to new environments and leads to epidemic.
In the recent years, the resurgence of yellow rust of wheat,
banded leaf and sheath blight of maize, bacterial blight and
false smut of rice, wilt of solanaceous crops and black and
stalk rot of cole crops threatens   Himalaya Agro-ecosystem.

Global climate change especially increased CO
temperature and moisture levels are thought to influence or
change all the elements of a disease triangle. This increase in
temperature can modify host physiology and resistance,
increase CO  would affect the physiology, morphology and
biomass of crops by promoting the development of some
rusts and other foliar disease. eg. Ascochyta blights,
Stemphilium blight, Green mould

High moisture (rain fall) favors most of the foliar
diseases and soil borne pathogens such as

 and  Climate
change can have positive, negative or neutral impact on
disease management due to more pathogen, generations per
season & evaluation of pathogenic races it will causes
alternation in the disease geographical and temporal
distributions.

Climate change may influence the sexual reproduction
of pathogens thereby increasing the evolutinary potential of
individual populations eg. wheat and oats become more
susceptible to rust disease with increased temperature, and
dry root rot of chickpea is becoming more severe in rain fed
environments. Climate change could have multiple effects
on the epidemiology of plant diseases including the survival
of primary inoculum, rate of disease progress during
growing season, duration of epidemics, stages and rates of
development of pathogen, effects on host resistance,
changes in the physiology of host pathogen interactions.

Chemical control - Climate change could affect the
efficacy of crop protection chemicals in one or two ways.

Microbial response to global climate change

Direct effect of Climate Change on Pathogens

ate change on disease

Disease Management
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Firstly changes in temperature and precipitation may alter
the dynamics of fungicide residues on the crop foliage,
secondly morphological or physiological changes in crop
plants resulting from growth under elevated CO could affect
uptake, translocation, and metabolism of systemic
fungicide: eg. increased thickness of the epiculticular wax
layer on leaves could slower or reduced the uptake by the
host, whereas increased canopy size could negatively affect
spray coverage.

Biology of host plant - Includes phenology, sugar and
starch contents, nitrogen and phenolic contents and size
of leaves, amount and composition of wax on leaves,
change in stomata densities and conductance and root
exudation may directly affected by climate change
which may influence infection and colonization by
pathogens.
Example : Several diseases are less severe when the
moisture availability is limited due to drought which
reduces the root growth and the chances that roots will
come into contact with propagules of soil borne
pathogen and thereby lowering the incidence.
Moisture and temperature can affect disease
development by affecting the susceptibility of the host
to infection.
Water stress causes stomatal closure and reduces
photosynthesis.
At higher CO  levels increased pathogen rates may
occurs due to denser plant growth and the higher
availability of host tissue.

Elevated ozone concentrations may change the
structure and properties of leaf surface in that way
which may affect the inoculation and infection process.

This change in climate has also been observed with
other disease, such as Alternaria blight of pigeonpea which
has become more prevalent in recent years in semi-arid
tropics regions. Disease management is largely dependent
on use of costly and hazardous chemicals. Over use of
pesticides have brought in environment and soil health
problems. So the pesticide use in developed world is largely
guided by well advanced disease monitoring systems.
Monitoring of favorable period for infection of rice blast
infection requires 15-18 hrs. of high RH(>95%) and temp.
25-26 C.

Increased level of CO  may affect the functioning of
carbon cycle and eco system. It may also affect
microbial communities in soil and the functioning of
microbial ecosystem. The concentration of CO  and
temperature levels and nitrogen deposition are

important factors affecting soil microbial communities.
Changes in microbial populations in the phyllosphere
may in turn affect plant growth and the plants ability to
withstand aggressive attack by pathogens.

Plant disease are a major problem not only for food
production but also for the quality and safety of
important food stuffs. Mycotoxins and pesticide
residues are among the top food safety concerns
associated with a changing climate.
Example : The concentration of mycotoxin produced by
fusarium head blight in grain generally increases with
the number of rainy days and high RH but decreases
with low and high temperatures.
The ultimate solution for crop adjustment to climate
change is breeding for desired characteristics. These
breeding goals should be coupled with traditional
breeding goals, such as yield, yield quality and proper
shelf life.
One adoption measure that can be used is the
introduction of beneficial microorganism (bio control
agents) to plant surface, so that this niche can be
occupied in a way that tilts the plant microorganism
interaction in a healthy direction.
Among the beneficial microorganism there are some
that have been found to persist in stressful
microclimates. The selection of such microorganism
may help growers to cope with both abiotic and biotic
plant stress.

Disease development is the cumulative effect of various
factors that affect the host and pathogen. A slight
change in microclimatic conditions can affect the
outcome of the plant pathogen interaction.
The plant pathogen relationship can also be affected by
microbial populations or control agents. The effects of
climate change differ in different plant pathogen
systems.
Under worst case scenario, several crops may require
more fungicides spray treatments or higher application
rates thus increasing costs for farmers, prices for
consumers and the likelihood of the development of
fungicide resistance.
By evaluating the efficacy of current physical, chemical
and biological control methods under changing
climatic conditions and research convening new tools
and strategies (Plant breeding) for croping with the
predicted charges will be of great importance.
Fungicide may continue to serve as common disease
suppression agents although alternative measures such
as cultural methods and biological control should be
developed
The persistence of plant protection chemicals in the
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phyllosphere is highly dependent on weather
conditions. Changes in duration intensity and
frequency of precipitation will affect the efficacy of
chemical pesticides
Temperature can directly influence the degradation of
chemicals and other plant physiology and morphology,
indirectly affecting the penetration, translocation,
persistence and modes of action of many systemic
fungicides.

The disease is the result of interaction among a
susceptible plant, a virulent pathogen and suitable
environment, and both plant and pathogen are influenced by
environment. Exposure to altered atmospheric conditions

can modify fungal disease expression. Temperature is one of
the main factors in ecosystem with the rain to determine the
incidence and severity of disease, but effect may be positive
or negative (change in the environment). This require us to
anticipate what might happen in the future. By anticipating
the future, we can prepare ourselves for problems caused by
climate change especially those related to agricultural
activities, which generate the greatest amount of food
consumed by humans.

l

Conclusion
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The System of Rice Intensification(SRI) in French, le
Système de Riziculture Intensive; referred to as SRI in
English and French and as SICA in Spanish   is quite literally
a  system  rather than a  technology  because it is  not a fixed
set of  practices. While a number of specific practices are
basically associated with SRI, these should always be tested
and varied according to local conditions rather than simply
adopted.

With good use of these practices, it is usually possible to
increase rice yields by 50 to 100%, and increases of 200 to
300% have been achieved where the initial level of
production was low. Such increases can be attained without
requiring farmers to change varieties or to use any purchased
inputs. Only about half as much water is needed with SRI, so
there can be substantial water savings from this method of
production.

The principles that underlie SRI practices are more
important than the practices themselves, and thus these
principles should be considered first. The practices that
follow from these principles differ dramatically from  those
that irrigated rice farmers have used around the world for
decades, centuries and even millennia. SRI grew out of
insights gained by  from his three
decades of work with rice and rice-growing farmers in
Madagascar. He sought to learn how the best possible
growing environment can be provided to rice plants. SRI
practices were crystallized in 1983, but were not evaluated
or disseminated very much for a decade.

Indeed, SRI methods were even not tried outside of
Madagascar until 1999, first at Nanjing Agricultural
University in China, and then by the Agency for Agricultural
Research and Development in Indonesia. Since 2000, the
evaluation and dissemination of SRI has spread to a dozen
more countries, usually with good results and sometimes
with spectacular results. There is thus growing interest
around the world in this system for rice production.

The objective of SRI is not to maximize yields but rather
to achieve higher productivity from the factors of production
devoted to rice   land, labor, capital and water. Increases in
productivity should be achieved in ways that benefit both
farmers and consumers, especially poorer ones, and that are

environmentally friendly if an innovation is to contribute to
equity and sustainability.

The productivity of these four factors of production can
be raised all at the same time with SRI practices, without
tradeoffs among them. The exact yields obtained with the
methods will vary considerably, since yields depend on the
skill with which the practices are used as well as upon the
soil and other growing conditions for the rice. So far, SRI
methods have been able to raise the yields of any and all
varieties used, both traditional and improved cultivars.

SRI practices derive from the following observations
that come from the work and writings of Fr.  De Laulanié:

 Although rice can survive
when growing under flooded, i.e., hypoxic, oxygen-
less, conditions, it does not really thrive in such a soil
environment.  Under continuous sub- mergence, most
of the rice plant s roots remain in the top 6 cm of soil,
and most degenerate by the plant s reproductive phase.

. This potential can be
preserved by early transplanting, be- fore the start of the
fourth phyllochron of growth, in conjunction with the
other SRI practices.

Stress, such as from the drying out of roots, delays the
resumption of plant growth after transplanting and
reduces subsequent tillering and rooting. This principle
does not mean that one can get good SRI results only
with transplanting; it means that trans-planting when
done should be done very carefully. Direct seeding can
also be used with SRI practices as it avoids root trauma
entirely.

 provided that
other favorable conditions for growth such as soil
aeration are provided.

Fr. Henri de Laulanié

Principles

1. Rice is not an aquatic plant.

2. Rice seedlings lose much of their growth potential if
they are transplanted more than about 15 days after
they emerge in their nursery

3. During transplanting, trauma to seedlings and
especially to their roots should be minimized .

4. Wide spacing of plants will lead to greater root
growth and accompanying tillering,

5. Soil aeration and organic matter create benefi- cial
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A Resource Conservation Technology for Sustainable Production of Rice
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conditions for plant root growth

1. Start by transplanting young seedlings,

2. Transplant seedlings quickly and carefully

3. Plant the seedlings far apart,

4. Plant in a square pattern to facilitate weeding.

5. Keep the soil well drained rather than continuously
flooded during the vegetative growth period.

Apply small amounts of water daily

Flood and dry

6. To control weeds, there should be early and frequent
weeding.

7. Add nutrients to the soil, preferably in organic form
such as compost or mulch.

1. Use of Ropes:

2.  Rakes:

 and for con- sequent
plant vigor and health. This appears to be the result of
having greater abundance and diversity of microbial
life in the soil, which helps plants resist damage from
pests and diseases.

To give effect to these principles, SRI is communicated
in terms of a set of practices or techniques. These should be
understood as starting points for experimentation and for
fitting SRI to local conditions.

prefer- ably
8-12 days old and not more than 15 days, when the plant
still has just two small leaves and the seed sac is still
attached to the root. The nursery from which the
seedlings are taken should have been cultivated like a
garden, not kept submerged in standing water.

 allowing
only 15-30 minutes between uprooting from the nursery
and planting in the field

a. Seedlings should be put 1-2 cm deep into soil that is
muddy but not flooded.

b. They should be laid into the soil with care, with roots
lying horizontally so that their root tips are not pointing
upward.

 with

a. One seedling per hill and

b. Relatively few plants per m  In some soils, 2 plants per
hill may give more tillers per m but certainly more
plants in a hill will create inhibitions on root growth due
to competition.

The
most common SRI spacing is 25x25 or 20x20cm
spacing, but with good soil conditions, the hills can be
up to 50x50 cm apart. With a square pattern, weeding
can be done in perpendicular rows.

 Then,
after panicle initiation, keep only a thin layer of water on
the field (1-2 cm) until 10-15 days before harvest, when
the field should be drained. During the vegetative
growth period of tillering, one can either:

a.  just as much as
needed to keep the soil moist but never saturated, with
no standing water. During tillering, the field should be
left to dry out for several short periods (2-6 days), to the
point of surface cracking; or

b.  the field  for alternating periods of  3-6

days each throughout the period of vegetative growth.
With either method, the objective is to avoid sustained
hypoxic soil conditions that will cause the roots to form
air pockets aerenchyma) and begin to de- generate.

  This is best done with a simple mechanical
hand weeder often called a  rotating hoe, starting about
10 days after transplanting. Then weed about every 10
days, at least once more and if possible 2 or 3 times
more, until canopy closure makes weeding difficult and
no longer necessary. The purpose of any later weedings
is more to aerate the soil than to remove weeds.

 This is optional since the
above practices will increase yield in almost any soil, at
least for several years. The best results with SRI come
from soil that is rich in organic matter and microbial
activity. SRI farmers often apply their compost to a
preceding crop, such as potatoes or beans, rather than to
the rice crop itself, to give more time for decomposition
and microbial multiplication. Chemical fertilizers used
with SRI practices raise yield, but they do not contribute
as much over time to soil quality, which is a key factor in
best SRI performance.

SRI is characterized as a methodology rather than as a
technology because it is not to be presented to farmers as a
set of practices to be simply adopted. The principles 2 behind
SRI should be explained so that farmers understand the
reasons for the practices. Farmers should be encouraged to
test, vary and evaluate the practices, adapting them to their
own field conditions and taking factors like their labor
constraints into account.

  SRI was developed using ropes or
strings tied to sticks that were stuck into the bunds of the
plot to stretch transplanting lines 25 cm (or some other
distance) apart in order to get precise (and wider)
spacing. The ropes or strings were knotted or marked at
intervals of  25 cm (or wider), and seedlings were then
put into the soil at exactly this spacing. With practice,
this system can become fairly efficient and quick.
However, moving the sticks and managing the ropes or
strings remains a chore, and it can be quite laborious.

  Some farmers in Madagascar and many in
other countries are now using a wooden rake with teeth
(pegs) spaced at 25 cm, or wider, intervals. This rake is
drawn across the muddy field at right angles to draw
lines on the surface of the field in two directions. Seed-
lings are then placed into the soil at the intersections of

Practices

Approach

Techniques for spacing

2
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these lines. Farmers find that this speeds up the trans-
planting process a lot.

In Madagascar a large number of farmers are now using
a system of alternate wet-dry irrigation (AWDI) instead of
continuous non-flooding (NF) during the vegetative growth
period. We do not know whether this gives them higher
yields, or just saves them labor, or both.  This subject merits
more systematic study it has had thus far. It makes sense to
describe to farmers both AWDI and NF approaches to water
management, making sure that they understand the principle
justifying the use of either method.

We will soon have data evaluating the two methods
when Oloro McHugh completes his master s thesis in
agricultural engineering at Cornell. He studied the practices
of 108 farmers in four different locations in Madagascar who
were using both SRI and standard irrigated rice methods on
their farms. Among the 53 farmers who were using AWDI
along with other SRI practices, there were 31 combinations
of wet days/dry days during the tillering period. The average
numbers were 4.4 days wet followed by 4.8 days dry, but
there were almost all conceivable combinations. The range
of wet days was 1 to 10 wet days, and of dry days, also 1 to
10, so there were no strongly preferred or obviously superior
rotational systems.

Rather than make a specific recommendation for water
management practices, we should discuss with farmers the
principle of not keeping the soil continuously saturated so

that rice roots are deprived of oxygen and start dying back.
We should describe the alter- native means to achieve this
objective, letting farmers decide what is likely to work best
for them. Certainly different practices are needed for clay vs.
other kinds of soil.

This is necessary for growing rice when fields are not
kept continuously flooded. We recommend use of the rotary
weeder, as noted above.

However, there are the options of (b) manual weeding,
or (c) using herbicides. Some farmers in Cambodia are using
(d) simple hoes, which loosen the soil as they remove weeds,
and in Sri Lanka, some farmers are experimenting with (e)
mulching. The latter conserves water as it suppresses weeds
and possibly adds nutrients to the soil. If soil is  rich in
organic matter, there can be vigorous populations of
earthworms and other macrofauna subsurface that
contribute to soil aeration biologically, perhaps as much as
could a mechanical weeder.

Weedings with a rotary hoe should begin within 8-10
days after transplanting, to get ahead of weed growth,
though possibly the start can wait until 12-15 days. Farmers
should understand that the purpose of such weeding is to
aerate the soil as well as remove weeds. Two weedings is
usually the minimum number needed. Some field conditions
may require more than this. We would encourage 3 or 4
weedings even if not needed for weeding purposes because
this contributes to soil aeration and usually results in higher
yields.

Alternate wetting and drying (AWDI)

Weeding
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Differences among rice cultivation

Benefits of SRI

Conclusion

Table-1 : Performance of rice hybrids and improved
varieties under SRI atAICRIP Rewa (2006-2008)

Table-2 : Performance of Rice Hybrids under SRI

Nursery raising for SRI

Performance of rice hybrid rice under SRI cultivation

SRI is a technically and economically feasible alternative
to conventional puddled transplanted rice.

1. Higher yields of both grain and straw.
2. Reduced duration of crop cycle (by 10-15 days).
3. Less chemical inputs.
4. Less water requirement.
5. Less chaffy grain (%).
6. Grain weight increased without change in grain size.
7. Higher head rice recovery rate.
8. Withstands cyclonic gales.
9. Soil health improves through biological activity.

SRI is a labour, time and water saving technology.
SRI is cost effective and gives a higher net return than
puddled transplanted rice.
Management of weeds through an integrated weed
management approach can be successfully managed.
Fertilizer and water use efficiency are also higher in
SRI.

l

l

l

l

Practices Conventional SRI method
Seed rate 40 kg/ha 5 kg/ha
Nursery area 5 cents/ha 1 cent/ha
Age of seedlings 30 days
(5 - 6 leaves) 8 -12 days
(2 leaves)
Spacing 15 cm x 10 cm 25 cm x 25 cm
Plants/hill 3 - 4 1
Hills/ sq.m 33 16
Weeding Manual/chemical Mechanical
Water management Continuous Keep soil moist till

inundation panicle initiation stage

Varieties Conventional
Grain yield

(q/ha)

SRI Grain
yield (q/ha)

Increase
Grain yield

(q/ha)
KRH- 2 72.50 86.65 14.15
MR -219 62.32 79.61 17.29
WGL-14 45.71 59.45 13.74
PRH-10 69.21 89.33 20.12
JGL- 3828 30.55 36.47 05.92
JGL-3844 51.73 66.52 14.79
WGL-32100 47.27 61.46 14.19
Jagtial Sanali 61.80 77.08 15.28
JRH-4 61.44 75.66 14.22
JRH-5 59.75 73.49 13.74

Rice hybrids Conventional
Grain yield

(q/ ha)

SRI
Grain
yield

(q/ha)

Increase
Grain
yield
(q/ha)

Pro-Agro 6444 75.60 91.74 16.14
Pro-Agro 6201 71.37 88.12 16.75
Pro-Agro 6129 62.35 80.74 18.39
Pro-Agro 6111 53.50 68.67 15.17
PHB 71 70.66 85.87 15.21
Shabnam (403) 65.23 78.12 12.89
MPH 222 (Tara) 72.53 88.37 15.84
Advanta 801 74.45 88.74 14.29
JRH 4 71.33 83.74 12.41

JRH 5 61.71 75.23 13.52
IR 36 (Local check) 49.50 61.99 12.49
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Soil corresponds to the uppermost layer of the earth's crust
(lithosphere) and very dynamic in nature. It supports a
diverse variety of living things of al nature and most
importantly the plants which are the food providers in the
food chain. Soils are formed due to breakdown of the rocks
by various dynamic factors and are of various sizes, shapes
and chemical nature. The nutrients components are derived
from the rocks and the organic matter from the remnants of
the living organisms. Microorganisms (microbes) are the
smallest (<0.1mm) and a very important class of living
organisms, highly adaptable, extremely diverse, omnivorous
and dynamic in the interactions with their surroundings.
Microbes are classified into bacteria, algae, protozoa, fungi,
nematodes and partially the viruses. Microbes are either free
living or parasitic. Free living microbes spend most part of
their life cycle in the soil and produce various stages
depending upon their needs. Thus soil represents a favorable
habitat for microorganisms. In general the bacteria and fungi
in that order, dominate the soil ecosphere at any given point
of time. However the availability of nutrients, type of soil,
dominance of the predators/parasites and the prevailing
ecological conditions decides the composition of the
microbial community. Further the soil factors in addition to
the availability of nutrients determines the whether a
microbe can exist in its physiologically active state or in a
dormant stage.

Plants associate with a wide range of microorganisms,
which result in both advantageous and disadvantageous
conditions for the plants. The major factor for plant survival
in a highly complex and competitive soil environment is its
ability to recognize invading/antagonistic microorganisms
to curtail or suppress their advance or promote the
association of friendly microbes that often help the plants in
combating the invaders (Bagyaraj, 1984). Plants and the
microbes in nature have evolved several mechanisms and
followed enormous adaptations for this association
(Oldroyd, 2013). Very accurate  and sensi tive
communication and counter-communication mechanisms
between the microbes and the associate plants have been
observed and recorded.

Three classes of microbe's viz., the bacteria, fungi and
the actinomycetes, are very common and important in the
soil in relation to the health and vigor of the plants. These

organisms play diverse roles and perform specialized
functions in maintaining the soil fit for the plants to grow.
Microbes residing near the root zone, otherwise called the
rhizosphere, have immense and dynamic interactions with
the plants. They supply nutrients directly, make available the
unavailable nutrients, produce hormones and other essential
substances to promote growth of the plants and sometimes
may form a protective coat over the root system of plants.
Certain microbes, which have proven properties that are
essential to combat the plant pathogens, are used as potential
agents for the suppression/killing of the pathogenic
organisms. This concept is called as biological control. Thus
biocontrol may be explained as the concept of deliberately
using organisms to control a pest constitutes the
fundamental basis of all biological pest control systems.
With this background information, this short review will
restrict to the two important classes of microbes in the soil
viz., the mycorrhizae fungi (MF) and the plant growth
promoting rhizobial microbes (PGPM), that play a major
role in protecting the plants from soil borne plant pathogens.

Mycorrhiza (Greek: mykos meaning "fungus" and riza
meaning "roots") is essentially a symbiotic, most commonly
mutualistic, but very rarely, weakly pathogenic, association
between the fungus and the roots of a vascular plant (Strack
et al. 2003). The roots of most land plants may be associated
with a group of soil-borne fungi belonging to the phylum
Glomeromycota (Recorbet et al. 2013). These fungi
colonizes the host plant's roots either intracellular, called the
endo-mycorrhizae or the arbuscular mycorrhizal fungi
(AMF or AM), or extracellular and called as ecto-
mycorrhizal fungi. The mechanisms of increased absorption
of the nutrients are both physical and chemical. The AM
fungi grow into the root cortex forming intercellular hyphae
from which highly branched structures, arbuscules,
originate within cortex cells. The arbuscules are responsible
for nutrient exchange between the host and the symbiont,
transporting carbohydrates from the plant to the fungus and
mineral nutrients,especially phosphate, and water from the
fungus to the plant (Krishnakumar et al. 2013). Plants have
also changed their phosphate uptake mechanisms by
synthesis of specific phosphate transporters that may be in
sync with the interactions with the mycorrhizal fungus

Mycorrhiza
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(Brundrett, 2002). It has been observed that AM fungi
produces the strong glycoprotein called glue glomalin,
whose deposition on soil particles leads to stabilization of
soil aggregates, leading to better soil structure which in turn
leads to increased soil water availability under water stress
condition (Rillig and Steinberg, 2002; Driver et al. 2005;
Subramanian et al. 2009; Krishnakumar et al. 2013). Recent
investigations have confirmed that these groups of fungi are
an integral component of soil life and soil chemistry
(Chagnon et al. 2013; Oldroyd, 2013; Wallander et al. 2013).

In addition to the nutritional benefits the Mycorrhizal
(AM) fungi confers protection to host plants against some
root pathogens, and several mechanisms for these
phenomena have been proposed. Arbuscular mycorrhizal
(AM) associations have been shown to protect the plants
from soil-borne plant pathogens and even decrease the
damages caused by these pathogens (Azcon-Aguilar and
Barea, 1996). Similarly the degree of protection varies with
the pathogen involved and can be modified by alteration of
the soil and other environmental conditions. It has been
established that the differences in planttraits such as root
architecture, genomic make up and behavior can determine
how important each mycorrhizal function is to plant growth
and protection and the ability to provide these functions also
differs among AM fungi (Sikes, 2010). The broad
mechanisms involved in the defense of the plants as aided by
the myorrhizal associations are (a) improvement of plant
nutrition and as a result increased vigour and resistance
against the attacking pathogens (Smith, 1987; Linderman,
1994; Zambolin, 1987), (b) compensation for pathogen
damage on real time basis (Jalali and Jalali, 1991; Atkinson
et al. 1994; Linderman, 1994), (c) competition with the
poathogens for photosynthates or colonization/infection
sites in the plants (Dehne, 1982; Bagyaraj, 1984; Caron,
1989; Jalali and Jalali, 1991; Linderman, 1994) and (d)
competition with the pathogens for nutrients and space in the
soil (Azcon-Aguilar and Bago 1994; Smith et al. 1994;
Barea and Jeffries, 1995). In addition to these above factors
anatomical or morphological AM-induced changes in the
root system and the resulting local elicitation of plant
defense mechanisms by AM fungi has also been found to be
important factors in the defense of the plants (Caron, 1989;
Blee, and Anderson 1996)

In this extremely important and dynamic interactions
with the mycorrhizal fungi, the plant communicate
constantly with the fungus and in the molecular cross talk
between the two organisms, a number of phytohormones
(cytokinins, abscisic acid, jasmonate) as well as various
secondary metabolites have been proposed (Harrison, 2005;
Wehner et al. 2010). Mycorrhizal mycelia are much smaller
in diameter than the smallest root, and thus can explore a
greater volume of soil, providing a larger surface area for

absorption (Tarja, 1992). Also, the cell membrane chemistry
of fungi is different from that of plants (including organic
acid excretion which aids in ion displacement (Simard et al.
2012). Mycorrhizal symbiosis involves the intracellular
accommodation of the fungi by the living plant cell without
being a victim to the fungi itself. Modern profiling
technologies have generated an increasing depository of
plant and fungal proteins eligible for sustaining AM
accommodation and functioning (Recorbet, 2013). The
gene-to-phenotype reverse genetic tools, including RNA
interference and transposon silencing, have succeeded in
elucidating some of the plant-related protein candidates
responsible specifically for the successful and mutually
symbiotic interaction between the plants and the fungus
(Wallander et al. 2013). Simard et al. 2012 in his recent
review listed the current advances in the area of plant and
fungal protein in mycorrhizal interactions as (1) the
physical, physiological and molecular evidence for the
existence of mycorrhizal networks, as well as the genetic
characteristics and topology of networks in natural
ecosystems; (2) the types, amounts and mechanisms of
interplant material transfer (including carbon, nutrients,
water, defense signals and allelochemicals) in autotrophic,
mycoheterotrophic or partial mycoheterotrophic plants,
with particular focus on carbon transfer; (3) the influence of
mycorrhizal networks on plant establishment, survival and
growth, and the implications for community diversity or
stability in response to environmental stress; and (4) insights
into emerging methods for modelling the spatial
configuration and temporal dynamics of mycorrhizal
networks, including the inclusion of mycorrhizal networks
in conceptual models of complex adaptive systems. These
information available indicates the nature and importance of
mycorrhizal interactions in the survival and well-being of
the host plants.

This section explains the use plant growth promoting
microbes (PGPM) for plant disease control. Plants are not
passive targets to their interacting organisms, be it the
microorganisms or the parasitic plants or the herbivores
(Kloepper and Schroth, 1978). They affect the structure of
the rhizosphere communities (particularly the microbes and
seeds of parasitic plants in this case) by releasing attractants
and repellents from their roots. Large quantities of phenolic
compounds, minerals and organic acids are released into the
rhizosphere which makes this a very dynamic zone among
all other (Estabrook and Yoder, 1998).

Enhancement of resistance against a broad spectrum of
pathogens and pests due to an inducing agent which may be
either biotic or abiotic is defined as Induced Systemic
Resistance (ISR) or Systemic Acquired Resistance (SAR).

Plant growth promoting microbes as plant protectors
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The main difference between the ISR and SAR is in their
metabolic pathway i.e., ISR is jasmonic acid mediated while
SAR is salicylic acid mediated (Paulitz, 1990). The main
concepts of SAR and ISR are as follows

SAR induced when the plant is attacked by a pathogen
resulting in necrotic or hypersensitive reaction (HR),
ISR induced by non pathogens or PGPR'S hence no
necrotic or HR response
Salicylic acid is the predominant signaling molecule in
phenyl propanoid pathway wherein PR proteins are
accumulated in SAR while jasmonic acid and its methyl
ester is the predominant signaling molecule in ISR with
the resulting accumulation of defensins.

The important characteristics of SR are as follows. SR is
activated by inducing agents of biotic or abiotic nature. The
induced SR in-turn activates multiple defense mechanisms
which include increased activity of defense enzymes like
chitinase,  1,3 glucanase and peroxidase (Maurhofer et al.
1994; Schneider and Ullrich, 1994; Xue et al. 1998),
accumulation of phytoalexins (Van Peer and Schippers,
1992) and formation of protective biopolymers like lignin,
callose and hydroxy proline rich glycoprotein
(Hammerschmidt et al. 1982; Zdor and Anderson, 1992).
The SR is general in nature, however sometimes there are
specific defense proteins activated against particular group
or species of organisms (Kloepper et al. 1992; Van Peer and
Schippers, 1992). A wide spectrum of pathogens can be
controlled by inducing ISR by single inducing agent.
Various bacteria of the genera Bacillus (Podile and Laxmi,
1998; Gupta et al. 2000) and Pseudomonas (Van peer and
Schippers, 1992; Meena et al. 1999), fungi like Trichoderma
viride (DeMeyer et al. 1998; Yedidia et al. 1999) are reported
to suppress plant disease through mechanisms like induction
of systemic resistance, production of siderophores and
antibiotics. This phenomenon has been studied and proved
to be effective in several crops against various pests and the
pathogens by eliciting the host with plant growth promoting
rhizobacteria (Kloepper et al. 1992) or chemicals like
salicylic acid, benzothiadiazole (Hijwegen and
Termorshuizen, 2000).

PGPR as a component in integrated management
systems in which reduced rates of agrochemicals and
cultural control practices are used as biocontrol agents.
PGPM are generally inoculated on the seed before planting,
are able to establish themselves on the crop roots. Biological
or chemical factor induced systemic resistance is a suitable
strategy to utilize the natural defenses of the plant to control
the invading parasite. Such an integrated system could be
used for transplanted vegetables to produce more vigorous
transplants that would be tolerant to nematodes and other
diseases for at least a few weeks after transplanting to the

field. In forestry, the potential of inoculating tree roots with
PGPR has been recognized. There has been a new focus on
investigating the application of PGPR and fungi to
commercial forestry operation especially in the areas of
enhancing tree growth and survival of tree seedlings though
microbial mediated phytohormone production.

The concept of induced systemic resistance has been
adequately demonstrated in the case of fungi or bacterial or
viral infections in the angiosperms. The parasitic plants and
the other pathogens have some common similarities and
many major differences between in their process of invading
the hosts. Meyer (2006) in his excellent review concludes
that there exist some very basic similarities between the two
categories, but they differed enormously in the process of
infection and subsequent establishment inside the host. The
process of host identification, attachment to the host, point
and mechanism of entry, haustoria and their functions, host
response are the main points of references in the
comparison. The plant-parasite interaction involves the
transduction of a host of signals between them resulting in
either successful establishment of the parasite or the
resistance of the host by suppressing the invading pathogen.
It has been established that different biochemical molecules
are either activated or suppressed by the host and the parasite
during their interactions (Mayer, 2006). There are several
stages in the process of infection of the host by the parasite
and a thorough understanding of each of these stages would
help us to suitably intervene and manipulate the natural
process at such stages to help us evolve a resistant host
against the invading parasite. The general manipulations of
the host characters would result in the changes of the host-
parasite interactions as like improper germination of the
parasite by change of composition of the host root exudates,
abnormal attachment and non penetration of haustoria,
morphological changes in the host, manipulation of the
molecular signals, biochemical changes in the host
acquisition. Disruption of the germinating process by
change of composition of the host root exudates. The
germination of the parasite seeds require a stimulant, which
generally originates from the host, substances belonging to
the group of strigolactones (Palmer et al. 2004). There have
been several reports of induced resistance by the PGPR
microbes on the hosts where in the host root exudates have
been altered to repel the nematode infection (Grundler et al.
1997). Application of PGPM viz., T. viride, P. fluorescens,
B. subtilis to the soil has resulted in the change of the
composition of host root exudates, in turn suppressing the
spore germination of soil borne fungi like Fusarium spp,
Sclerotium rolsfii, Rizoctonia solani etc., Similar approach
has been adopted for the management of the soil borne fungi

l

l

How does systemic resistance help in managing the
parasitic plants?
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Fusarium oxysporum f.sp lycopersici by application of P.
fluorescens to induce systemic resistance in banana.
Interfering

Microbes are an integral and essential component of the
agricultural system. There are both friendly and unfriendly
microbes which share the same ecosystem with the plants.
There exists a dynamic and highly complex interaction
among the plants and the microbes in the rhizosphere region
and the interactions and their effects are two ways. Microbes
play a major role in the supply of nutrients directly to the
plants, make available the unavailable form of nutrients into
available form, produce hormones and other essential
substances to promote growth of the plants and sometimes
may form a protective coat over the root system of plants to
prevent the entry of the pathogens. Certain friendly
microbes, which have proven properties that are essential to
combat the plant pathogens, are used as potential agents for
the suppression/killing of the pathogenic organisms. This
concept of deliberately using organisms to control a pest is
called as biological control. Among the different microbial
groups which help the plants, the mycorrhizal fungi (MF)
and the plant growth promoting rhizobial microbes (PGPM),
play a major role in protecting the plants from soil borne
plant pathogens. These organisms have different
mechanisms to help the plants defend against the incoming
pathogens and even the parasitic plants.
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The major challenges in 21  century are food security,
environmental quality and soil health. Besides, shrinking
land holdings and increasing cost of inputs in India merit
adoption of scientific use of plant nutrient for higher crop
productivity. The soil fertility and fertilizer use project
initiated in 1953 following a study by Stewart in 1947 which
was the first systematic attempt in India to relate the
knowledge of the soils to the judicious use of chemical
fertilizers. The soil testing programme was started in India
during the year 1955-56 with the setting up of 16 soil testing
laboratories under the Indo-US Operational Agreement for
"Determination of Soil Fertility and Fertilizer Use". In 1965,
five of the existing laboratories were strengthened and nine
new laboratories were established to serve the Intensive
Agricultural District Programme (IADP) in selected
districts. Chemical indices of nutrient availability chosen for
use in the soil testing laboratories consisted of organic
carbon or alkaline permanganate oxidizable nitrogen, as a
measure of available nitrogen, sodium bicarbonate (Olsen's
extractant) extractable phosphorus, as a measure of available
phosphorus and neutral normal ammonium acetate
extractable potassium, as a measure of available potassium.
Muhr and coworker describe sets of critical values that
characterized the estimates as low, medium or high in a
monograph on soil testing in India in 1965. Background
research for the choice of critical values consisted of a few
pot culture and field experiments with paddy and wheat,
carried out in the Division of Soil Science & Agricultural
Chemistry at Indian Agricultural Research Institute, New
Delhi. Taking a simplistic view of the situation, the
differences among soil groups in the range of properties,
which influence the susceptibility to absorption by plants of
native and applied nutrients, were ignored. The generalized
recommendations of fertilizer use developed for the soil
testing laboratory area were thought applicable to the
medium category of soil testing estimates with an arbitrary
adjustment (decrease or increase by 25-50 per cent) for high
and low categories of soil test estimates. The ICAR project
on soil test crop response AICRP (STCR) has used the
multiple regression approach to develop relationship
between crop yields on the one hand, and soil test estimates
and fertilizer inputs, on the other. Nutrient supplying power
of soils, crop responses to added nutrients and amendment
needs can safely be accessed through sound soil testing

programme. Soil test calibration that is intended to establish
a relationship between the levels of soil nutrients determined
in the laboratory and crop response to fertilizers in the field
permits balanced fertilization through right kind and amount
of fertilizers.

Liebig's law of minimum states that the growth of plants
is limited by the plant nutrient element present in the
smallest amount, all others being in adequate quantities.
From this, it follows that a given amount of a soil nutrient is
sufficient for any one yield of a given percentage nutrient
composition. Ramamoorthy and his co-workers in the year
1967 established the theoretical basis and experimental
proof for the fact that Liebig's law of the minimum operates
equally well for N, P and K. This forms the basis for fertiliser
application for targeted yields, first advocated by Truog in
the year 1960. Among the various methods of fertiliser
recommendation, the one based on yield targeting is unique
in the sense that this method not only indicates soil test based
fertiliser dose but also the level of yield the farmer can hope
to achieve if good agronomic practices are followed in
raising the crop.

The essential basic data required for formulating
fertiliser recommendation for targeted yield are

Nutrient requirement in kg/q of produce, grain or other
economic produce
The per cent contribution from the soil available
nutrients
The per cent contribution from the applied fertiliser
nutrients

The above mentioned three parameters are calculated as
follows.

Nutrient requirement of N, P and K for grain production

                                                   Total uptake of nutrient (kg)
kg of nutrient/q of grain   =    ------------------------------------
                                                               Grain yield (q)

                                         Total uptake in control plots
                (kg ha ) X 100

%Contribution from soil (CS) = ---------------------------------
                                          Soil test values of nutrient in

           control plots (kg ha )

st

-1

-1

Basic Data Requirement

Contribution of nutrient from soil

l

l

l

STCR-Based Fertiliser Recommendation for Realizing Yield Target
and Maintaining Soil Health

Project Coordinator (STCR)
Indian Institute of Soil Science, Nabibagh, Berasia Road, Bhopal (M.P.)
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% Contribution of nutrient from fertilizer

Calculation of fertilizer dose

Use of Targeted Yield Equation and Development of
Prediction Equation for Cropping Sequence

Prediction Equation for Cropping Sequence:

Potato (Kufri Jyoti)

Yellow Sarson (PYS-I)

Benefits of soil test based targeted yield approach

Contribution  from (CF) = Total uptake of nutrients -
(Soil test values of nutrients in
fertilizer  treated plots x (CS)

CF
% Contribution from = ------------------------------------ X 100

fertilizer                  Fertilizer dose (kg ha )

The above basic data are transformed into workable
adjustment equation as follows :

                        Nutrient requirement
in kg/q of grain             %CS

Fertilizer dose=---------------------x 100T - ----- X soil test
       % C F                     % CF      value

 = a constant X yield target (q ha ) - b constant X STV (kg ha )

Similarly the contribution of nutrients from organic can
also be determined.

The differentiation of significant multiple regression
equations provides a basis for soil test-fertilizer requirement
calibration for maximum yield per hectare, maximum profit
per hectare and maximum profit per rupee investment on
fertilizer. The resultant fertilizer adjustment equations have
been tested in follow up and frontline demonstrations
conducted in different parts of the country. In these trials soil
test based rates of fertilizer application helped to obtain
higher response ratios and benefit: cost ratios over a wide
range of agro-ecological regions (Dey and Srivastava,
2013).

Nutrient availability in the soil after the harvest of a crop
is much influenced by the initial soil nutrient status, the
amount of fertilizer nutrients added and the nature of the
crop raised. But recently, the monoculture is replaced by
cropping sequence approach. To apply soil test based
fertilizer recommendations, the soils are to be tested after
each crop, which is not practicable. Hence it has become
necessary to predict the soil test values after the harvest of
the crop. It is done by developing post-harvest soil test value
prediction equations making use of the initial soil test
values, applied fertilizer doses and the yields obtained or
uptake of nutrients following the methodology outline by
Ramamoorthy and coworkers in 1971. The post-harvest soil
test values were taken as dependent variable and a function
of the pre-sowing soil test values and the related parameters
as yield/uptake and fertilizer nutrient doses. The functional
relationship is as follows:

The method of calculation for prediction of post harvest
soil test values for cropping sequences is given below for use
by each center:

YP/H = f (F, IS, yield/nutrient uptake)

Where, YP/H is the post harvest soil test value, F is the
applied fertilizer nutrient and IS is the initial soil test value.
The mathematical form is

YP/H = a + b1F + b2 IS + b3 yield/uptake

Where, a is the absolute constant and b1, b2 and b3 are the
respective regression coefficients. Prediction equations for
post-harvest soil test values were developed from initial soil
test values, fertilizer doses applied and yield of crops/uptake
of nutrients to obtain a basis for prescribing the fertilizer
amounts for the crops succeeding the first crop in the
cropping sequence.

During last fifteen year, the different centres of AICRP
on STCR developed prediction equation by using the
targeted yield equation for different cropping sequence like
rice-rice, rice-maize, rice-wheat, maize-tomato, maize-
wheat, potato-yellow sarson, paddy-ragi, maize-Bt. Cotton,
wheat-groundnut, okra-wheat, paddy-chick pea, soybean-
wheat, rice-pumpkin, bajra-wheat, cotton-maize and
soybean-onion. The predicted values can be utilized for
recommending the fertilizer doses for succeeding crop thus
eliminating the need of soil test after each crop. This
provides the way for giving the fertilizer recommendations
for whole cropping sequence based on initial soil test values.
For example, in Potato- Yellow Sarson cropping sequence:

PHN = 104.94 + 0.28 FN - 0.041 SN - 0.11 Y (R  = 0.35**)
PHP = -2.74 + 0.091 FP + 0.84 SP + 0.013 Y   (R  = 0.78**)
PHK = 31.28 + 0.71 FK + 0.45 SK - 0.17 Y    (R  = 0.70**)

PHN = 107.91 + 0.36 FN - 0.08 SN - 0.79 Y   (R  = 0.72**)
PHP = 23.19 + 0.26 FP + 0.011 SP + 0.24 Y    (R  = 0.70**)
PHK = 153.25 + 0.42 FK + 0.02 SK - 0.54 Y  (R  = 0.56**)

During the last more than four decades the STCR
project has generated numerous fertilizer adjustment
equations for achieving targeted yields of important crops on
different soils in different agro ecological regions of the
country. These fertilizer adjustment equations have been
tested in follow up and frontline demonstrations conducted
in different parts of the country. In these trials soil test based
rates of fertilizer application helped to obtain higher
response ratios and benefit: cost ratios (Table 1 and 2) over a
wide range of agro-ecological regions (Dey, 2012). It is

-1

-1 -1

2

2

2

2

2

2
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evident from above tables that STCR based approach of
nutrient application has definite advantage in terms of
increasing nutrient response ratio over general

recommended dose of nutrient application. Yields and
response ratios can be increased if the fertilizer prescriptions
are made as per the table 1 for specified crops and locations.

Table-1 : Response Ratios in existing and improved practice for different crops at different sites in India:
Results from AICRP on STCR

Crop Location/ AER Soil type Fertilizer Response Ratio (kg grain/kg nutrient)
Present practice Improved practice

Fertilizer
dose

RR Fertilizer
dose

RR Type of
intervention

Rice Coimbatore/8.1, Hot dry
semi-arid

Alfisol GRD:
120-38-38

16.5 STCR: 7 t/ha
185-51-19
STCR: 7 t/ha
under IPNS
(GM @ 6.25
t/ha and
Azospirillum
@ 2 kg/ha
150-67-10

17.0

19.7

Soil test based
fertilizer
recommendation
under IPNS

Rice Coimbatore/8.1, Hot dry
semi-arid

Alfisol GRD:
120-38-38

15.4 STCR: 7 t/ha
179-71-19

16.1 Soil test based
balanced
fertilization

Rice Hisar, Haryana/ 2.3 Hot
typic arid

Podzolic Farmers’
Practice
75-30-0

18.312 STCR: 7 t/ha
139-63

23.49 2 Soil test based
balanced
fertilization

Rice Jabalpur/ 10 Hot sub-
humid

Medium
black

GRD: 80-
70-40

8.47 STCR: 3.5
t/ha
76-66-0

11.13 Soil test based
balanced
fertilization

Rice Kalyani, WB/ 15.1 Hot
moist sub-humid

Deep loamy
to clayey
alluvial

80-40-40 8.02 Soil test based
62.5-28-62 +
7.5 t/ha FYM

13.19 Soil test based
fertilizer
recommendation
under IPNS

Rice Narsinghpur, MP GRD: 80-
70-40

11.45** STCR: 4 t/ha
91-74-0

19.07** Soil test based
balanced
fertilization

Rice Pantnagar, Uttaranchal/14.5
Warm humid/perhumid

Medium to
deep loamy
tarai

Farmers’
Practice
120-0-0
GRD:
120-40-40

12.5

8.5

STCR: 4.0
t/ha
94-36-0

16.15 Soil test based
balanced
fertilization

Wheat Jabalpur, MP/10 Hot sub-
humid

Medium
black

GRD:
100-60-30

14.77** STCR: 4 t/ha
59-57-28

41.01** Soil test based
balanced
fertilization

Wheat Palampur, HP***/14.3
Warm humid to per humid
transitional

Podzolic Farmers’
Practice
30-0-0
GRD:
120-60-30

14.83

3.52

STCR: 4.0
t/ha
176-187-75

6.95 Soil test based
balanced
fertilization

Wheat Pantnagar, Uttaranchal/14.5
Warm humid/perhumid

Medium to
deep loamy
tarai

Farmers’
Practice
115-20-0
GRD:
120-60-40

6.67

10.68

STCR: 4.0
t/ha
104-60-57

11.31 Soil test based
balanced
fertilization

Finger
millet

Kolhapur, Maharashtra
Rainfed submontain zone

Black soil GRD: 60-
30-0

10.1 STCR: 1.6
t/ha
45-34-17

10.9 Soil test based
balanced
fertilization

Maize Palampur, HP***/14.3
Warm humid to per humid
transitional

Podzolic Farmers’
Practice
40-0-0
GRD:
120-60-40

13.1

7.14

STCR: 4.0
t/ha
189-0-73

8.91 Soil test based
balanced
fertilization
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Chickpea Durg, Chattisgarh/11
Hot/moist/dry sub humid
transitional

Vertisol Farmers’
Practice
10-30-0
GRD: 20-
50-20

2.78

2.76

STCR: 1.2
t/ha

20-0-0

7.90 Soil test based
balanced
fertilization

Chickpea Jabalpur/ 10 Hot sub-
humid

Medium
black

GRD: 20-
60-20

9.00 STCR: 1.5
t/ha
22-36-0

12.76 Soil test based
balanced
fertilization

Urid Jabalpur/ 10 Hot sub-
humid

Medium
black

GRD: 20-
50-20

0.361**
(Mean
of three
trials)

STCR: 1.2
t/ha
25-35-0

0.464** Soil test based
balanced
fertilization

Groundn
ut

Coimbatore, north western
zone of TN/8.1, Hot dry
semi-arid

Red soil,
Irugur series

GRD: 18-
36-54

4.62 STCR: 2.5
t/ha
55-55-71
STCR: 2.5
t/ha with 12.5
t/ha FYM
17-37-31

5.5

5.92

Soil test based
fertilizer
recommendation
under IPNS

Groundn
ut

Kakapalayam, TN/8.1,
Hot dry semi-arid

Red soil,
Irugur series

GRD: 18-
36-54

6.7 STCR: 2.5
t/ha
50-43-72
STCR: 2.5
t/ha with 12.5
t/ha FYM
15-25-32

6.9

7.4

Soil test based
fertilizer
recommendation
under IPNS

Groundn
ut

Kolhapur, Maharashtra Typic
haplustert

GRD: 25-
50-0

20.9 STCR: 2.5
t/ha
55-62-24

13.8 Soil test based
balanced
fertilization

Groundn
ut

Tumkur, Karnataka GRD: 25-
75-38

5.50 STCR: 2.0
t/ha
16-144-53

6.20 Soil test based
balanced
fertilization

Linseed Jabalpur, MP/10 Hot sub-
humid

Medium
black

GRD: 60-
40-20

5.21 STCR: 2.0
t/ha
89-51-19

8.29 Soil test based
balanced
fertilization

Mustard Durg, Chhattisgarh Vertisol Farmers’
Practice
60-40-0
GRD:
120-80-40

2.71

6.53

STCR: 1.3
t/ha
103-83-0

6 Soil test based
balanced
fertilization

Mustard Jabalpur, MP/10 Hot sub-
humid

Medium
black

GRD50-
30-20

4.38 STCR: 1.6
t/ha
68-42-16

5.44 Soil test based
balanced
fertilization

Mustard Jabalpur/ 10 Hot sub-
humid

Medium
black

GRD: 50-
30-20

2.29 STCR: 2 t/ha
88-46-35

2.34 Soil test based
balanced
fertilization

Mustard New Delhi/ 4.1 Hot semi-
arid

Alluvial
soils

Farmers’
Practice
60-57-0
GRD: 80-
40-40

6.4 1

7.8 1

STCR: 2.5
t/ha
90-43-48

8.6 1 Soil test based
balanced
fertilization

Onion Coimbatore Tamil Nadu/
8.1, Hot dry semi-arid

Red
Inceptisols

FP: 80-80-
60
GRD: 60-
60-30

41.7

61.8

STCR: 20
t/ha:
118 to123-32
to 43 - 15 to
78

62.1 Soil test based
balanced
fertilization

Raya Hisar, Haryana/ 2.3 hot
typic arid

Podzolic Farmers’
Practice
GRD

3.0

3.9

STCR: 2.0
t/ha

5.0 Soil test based
balanced
fertilization
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Table-2 : Average Response Ratios (kg grain/kg
nutrients)

Economic analysis of fertilizer doses associated with
different yield targets

An appraisal of the effect of nutrients (NPK) applied on
crop yield and benefit: cost ratios (BCR), both under (NPK)
alone and under IPNS for 15  agricultural and horticultural
crops (Dey and Santhi, 2014) is furnished in Table 3. The
input output prices used in these analyses were: Produce
prices:-- Paddy (rough rice) and wheat grain Rs 12,000/t,
rice straw Rs. 1,200/t wheat straw Rs.500/t, maize grain Rs.
8,000/t maize straw Rs. 500/t, cotton Rs. 25,000/t onion Rs.
9,000t, okra (Bhendi) Rs. 10.000/t cabbage  Rs. 3500/t,
potato Rs. 7000/t carrot Rs. 5,000/t, beetroot Rs. 3300/t.
radish Rs. 3,000/t, tomato Rs. 3,300/t and Ashwagandha Rs.
82,000/t Input prices –Rs. 11.76/kg N through urea, Rs
47.63/kg P O  through SSP and Rs. 28.00/kg K O through
MOP, 250/T for FYM and Rs 750/t for vermicompost.

2 5 2

Crop No. of Farmer's STCR- IPNS
trials practice recommended practice

Rice 120 11.4 16.8
Wheat 150 10.3 14.2
Maize 35 12.7 17.7
Mustard 45 8.0 8.2
Raya 25 4.8 7.6
Groundnut 50 5.1 6.8
Soybean 17 9.6 12.2
Chickpea 35 6.1 9.4

Soil test based

fertilization

Safflower Bangalore, Karnataka/8.2
Hot moist semi arid

Black soil,
sandy clay
loam

GRD: 38 -
50 -25

5.78 STCR: 1.5
t/ha
54 -0-13

10 .9
balanced

Soybean Durg, Chhattisgarh/11
Hot/moist/dry sub humid
transitional

Vertisol Farmers’
Practice
12-30-0
GRD:
20-50-20

20.2

15.0

STCR: 2.0 t/ha
20-35-0

20.1 Soil test based balanced
fertilization

Soybean Jabalpur, MP/10 Hotsub-humid Medium black GRD:
20-80-20

8.28 STCR: 2.5 t/ha
15-52-0

13.77 Soil test based balanced
fertilization

Sunflower Coimbatore, north western zone
of TN/8.1, Hot dry semi-arid

Red soil, Irugur
series

GRD:
60-40-40

4.34 STCR: 2.0 t/ha
87-63-13
STCR:2.5 t/ha
with 12.5 t/ha
FYM
52-45-0

7.05

7.57

Soil test based fertilizer
recommendation under
IPNS

Sunflower Jabalpur/ 10 Hot sub-humid Medium black GRD:
80-40-25

4.31 STCR: 2 t/ha
197-27.4-0

5.10 Soil test based balanced
fertilization

Sunflower Kalipalayam, TN/8.1, Hot dry
semi-arid

Mixed black
(Inceptisol)

FP:
50-40-50

-

GRD:
40-20-20

4.76

6.26

STCR: 2 t/ha
92-28-10
STCR: 2 t/ha with
12.5 t/ha FYM
62-13-5

6.86

7.33

Soil test based balanced
fertilization

Bhendi Kalipalayam, TN/8.1, Hot dry
semi-arid

Mixed black
(Inceptisol)

FP:
100-60-60
GRD:
40-50-30

30.7

25.4

STCR: 1.5 t/ha
72-21-15

77.9 Soil test based balanced
fertilization

Bhendi Suradevanapura, Bangalore/ 8.2
Hot moist semi-arid

Medium to deep
red laom

125-62.5-
62.5

17.88 STCR: 8t/ha
91-74-56

24.25 Soil test based balanced
fertilization

Brinjal Rahuri, Maharashtra/ 6.1 Hot dry
semi-arid

Typic ustorthent GRD:
150-75-75

73.3 STCR: 5 t/ha
140-20-110

124.9 Soil test based balanced
fertilization

Cabbage Rahuri, Maharashtra/6.1 Hot dry
semi-arid

Ustorthent GRD:
180-80-60

6.88 STCR: 3.5 t/ha
256-129-193

5.33 Soil test based balanced
fertilization

Chilli Thirumalayampalayam,
Madukarai Block. Coimbatore,
TN/8.1, Hot dry semi-arid

Red Inceptisol GRD:
75-35-35

3.7 STCR: 2 t/ha
108-62-68

4.1 Soil test based balanced
fertilization

IPNS = Integrated Plant Nutrient Supply; STCR = Soil Test Crop Response; * Higher yield obtained with lesser fertilizer
dose than farmers' practice; ** Response ratio calculated over farmers' practice; 1 Average of two demonstrations; 2 Average
of four demonstrations; *** In case of wheat and maize at Palampur the high response ratio in farmers' practice is due to very
low rates of fertilizer application. Even though the response ratio is high the level of yields the farmers are getting is very poor.
In STCR technology the response ratio is not as high as in farmers' practice but the yields are very good.
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Economic analysis of the data showed that out of 66 crop x
target combinations, the BCR was between 1and 2 in 35 %
cases and between 2.1 and 3.0 in 62% cases. In 3% cases
BCR was above 3.lrrespective of the crops, higher yield has
been recorded at higher yield targets over lower target
coupled with higher net return and BCR. As in the case of
yield, wherever three targets (low, medium and high) were
tried, the BCR was relatively higher between low and
medium target levels then between medium and high target
levels both under NPK alone and IPNS. Again, irrespective
of the crops and yield targets, yield increase was higher with
IPNS then under NPK applied through fertilizers alone. In
the regard, farmers can choose the desired yield targets

according to their investment capabilities and availability of
organic manures but would generally benefit form adopting
an appropriate IPNS package as apart form contributing
nutrients, organic manures also improve soil physical
conditions. At present, the soil test based recommendations
are relatively on a stronger footing when these involve only
fertilizers as compared to IPNS. This is because there are
several issues concerning the nutrient which need to be
sorted out as illustrated using STCR information form
Andhra Pradesh. One of the outstanding problems is that
while the composition of fertilizers is fairly standard, that of
organic manures can vary several fold even within the same
location or form lot to lot.

Crop Yield target and Treatments Fertilizer Doses (kg/ha) Yield
(t/ha)

Fertilizer
Cost Rs./ha

BC
RN P2O5 K2O

1. Rice – Flooded
(TNAU Farm, Coimbatore)

6 t ha-1NPK fertilizer
7 t ha-1NPK fertilizer
7 t ha-1IPNS package*

137
172
118

56
56
36

23
23
23

6.01
6.94
7.11

4922
5286
3746

1.52
1.74
1.75

2. Rice – SRI
(TNAU Farm, Coimbatore &
Farmer’s fields Coimbatore Dt.)

7 t ha-1NPK from fertilizer
8 t ha-1NPK from fertilizer
9 t ha-1NPK from fertilizer
7 t ha-1IPNS package*
8 t ha-1IPNS package*
9 t ha-1IPNS package*

173
222
271
133
182
232

62
83

100
39
60
80

74
99

100
39
67
95

6.68
7.65
8.18
6.94
7.94
8.34

7059
9336

10775
4514
6874
9199

1.92
2.10
2.18
1.97
2.15
2.16

3. Wheat – Hill
Farmer’s fields,
Kalrayan foothills,Salem Dt. and
Kolli foothills, Namakal Dt.).

3.5 t ha-1NPK from fertilizer
4.0 t ha-1NPK from fertilizer
3.5 t ha-1IPNS package*
4.0 t ha-1IPNS package*

156
194
109
147

111
129
100
117

41
59
28
37

3.55
4.07
3.63
4.16

8269
10077
6828
8337

1.54
1.66
1.49
1.62

4. Wheat – Plains
(Farmer’s fields,
Coimbatore Dt.)

3 t ha-1NPK from fertilizer
4 t ha-1NPK from fertilizer
3 t ha-1IPNS package*
4 t ha-1IPNS package*

119
196
65

152

91
110
74

105

51
72
37
55

2.90
3.93
2.98
4.05

7161
9560
5325
8328

1.33
1.66
1.31
1.61

5. Maize – Hybrid
(Farmer’s fields,
Coimbatore and Dindigul Dts.)

9 t ha-1NPK from fertilizer
10 t ha-1NPK from fertilizer
11 t ha-1NPK from fertilizer
9 t ha-1IPNS package*
10 t ha-1IPNS package*
11 t ha-1IPNS package*

244
290
329
202
249
289

98
124
139
78

104
119

82
97

113
52
69
86

8.97
10.09
10.33
9.23
10.5

10.59

9833
12032
13653
7546
9813

11474

2.04
2.17
2.13
2.05
2.21
2.14

1. Rain fed Bt Cotton
(Farmer’s fields, Perambalur Dt.)

2.8 t ha-1NPK from fertilizer
3.2 t ha-1NPK from fertilizer
2.8 t ha-1IPNS package*
3.2 t ha-1IPNS package*

103
123
78
99

71
81
51
67

74
89
48
64

2.67
3.07
2.84
3.24

6665
7796
4690
6147

1.46
1.64
1.51
1.68

7. Onion
(Farmer’s fields, Coimbatore Dt.)

17 t ha-1NPK from fertilizer
20 t ha-1NPK from fertilizer
17 t ha-1IPNS package*
20 t ha-1IPNS package*

89
117
37
71

18
33
14
34

26
31
14
32

17.24
18.75
17.72
19.48

2632
3816
1494
3350

2.34
2.50
2.33
2.50

8. Okra (Bhendi)
(Farmer’s fields, Coimbatore Dt.)

15 t ha-1NPK from fertilizer
17 t ha-1NPK from fertilizer
15 t ha-1IPNS package*
17 t ha-1IPNS package*

78
97
51
70

45
54
30
39

15
15
8
8

15.5
16.59
15.95
17.36

3480
4133
2253
2905

2.01
2.14
2.10
2.18

9. Cabbage
(Farmer’s fields, Coimbatore Dt.)

60 t ha-1NPK from fertilizer
70 t ha-1NPK from fertilizer
60 t ha-1IPNS package*
70 t ha-1IPNS package*

139
194
109
164

64
93
49
78

23
41
15
29

59.90
70.50
61.00
71.80

5327
7859
4036
6456

2.43
2.78
2.44
2.79

10. Potato
(Farmer’s fields, Nilgiris Dt.)

30 t ha-1NPK from fertilizer
40 t ha-1NPK from fertilizer
30 t ha-1IPNS package*
40 t ha-1IPNS package*

105
175
98

168

306
446
297
437

59
131
55

127

27.60
38.80
29.20
40.40

17460
26967
16837
26344

1.85
2.38
1.94
2.46

Table-3 : Economic analysis and benefit: cost ratios of fertilizer doses for different yield targets
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11. Carrot
(Farmer’s fields, Nilgiris Dt.)

40 t ha-1NPK from fertilizer
50 t ha-1NPK from fertilizer
60 t ha-1NPK from fertilizer
40 t ha-1IPNS package*
50 t ha-1IPNS package*
60 t ha-1IPNS package*

125
173
221
117
165
213

145
256
367
139
250
361

39
66

127
36
64

120

40.90
52.50
59.90
43.30
53.70
62.60

9468
16075
23634
9004

15639
23058

2.45
2.92
3.07
2.54
2.92
3.15

12. Beetroot
(Farmer’s fields, Coimbatore and
Dindigul Dts.)

40 t ha-1NPK from fertilizer
50 t ha-1NPK from fertilizer
40 t ha-1IPNS package*
50 t ha-1IPNS package*

99
163
59

123

134
186
113
165

80
131
54
99

39.50
49.98
40.48
51.37

9786
14443
7588

12077

2.37
2.77
2.37
2.78

13. Radish
(Farmer’s fields, Coimbatore and
Dindigul Dts.)

40 t ha-1NPK from fertilizer
50 t ha-1NPK from fertilizer
40 t ha-1IPNS package*
50 t ha-1IPNS package*

112
181
67

136

50
78
24
52

71
114
52
87

37.20
48.80
38.40
50.60

5686
9035
3387
6512

2.23
2.74
2.24
2.78

14. Tomato
(Farmer’s fields, Coimbatore and
Dindigul Dts.)

70 t ha-1NPK from fertilizer
80 t ha-1NPK from fertilizer
90 t ha-1NPK from fertilizer
70 t ha-1IPNS package*
80 t ha-1IPNS package*
90 t ha-1IPNS package*

164
209
254
120
165
210

135
177
219
113
155
197

148
188
228
113
153
193

70.90
80.80
88.30
72.20
81.30
89.50

12502
16152
19801
9957

13606
17256

2.47
2.71
2.86
2.50
2.71
2.88

15. Ashwagandha
(Farmer’s fields, Salem Dt.)

0.7 t ha-1NPK from fertilizer
0.9 t ha-1NPK from fertilizer
0.7 t ha-1IPNS package*
0.9 t ha-1IPNS package*

49
79
20
59

74
109
51
87

66
77
40
68

0.671
0.871
0.696
0.905

5949
8276
3784
6741

1.31
1.24
1.28
1.19

IPNS package*: For SI. Nos 1-9 and 14 - 15, FYM was applied @12.5 t/ha For SI. Nos.  10-13, Vermicompost was applied @ 5 t/ha.

Fertilizer recommendations for fixed cost of investment
and allocation under resource constraints

Fertilizer recommendation through targetted yield
approach for maintenance of soil health

The soil test-fertilizer requirement calibration for
targeted yield also provide the means for calculating soil
critical levels above which there is no fertilizer requirement
indicated levels of expected crop production.

A new dimension to the value of the utility of soil testing
has been added by the concept of fertilizer application for
targetted yield demonstration laid by IARI in farmers' fields
by choosing the yield target at such a level so that the cost of
fertilizer requirement becomes more or less same as what
was being practiced by farmers already (Table 4).

*5 t FYM/ha

When fertilizer availability is limited or the resources of
the farmers are also' limited, planning far moderate yield
targets which are, at the same time, higher than the yield

levels normally obtained by the farmer provides means, far
saturating mare areas with the available fertilizers and
ensuring increased total production also.

Fertilizer  recommendation far realizing in the short
term greater fertilizer use efficiency on the one hand and far
maintenance of sail fertility in the long term an the other
seem to have two opposing dimensions. If soil fertility is to
be maintained or even increased, heavier doses of fertilizers
have to be used to take into account the inevitable lasses in
the availability due to leaching and fixation. Therefore, to
get the best out of fertilizer investment, the turnover from it
must be very quick. This is ensured when fertilizers are
applied far law yield targets. Under such situations, the
excess native soil nutrient (S) will make a great contribution
to increase the yield. This would mean low doses of
application of fertilizer and exhausting of the unutilized
excess nutrients from the soil. The soil fertility would,
therefore, deplete at a faster rate as a result of this
exhaustion. Thus, these two approaches seem to be pulling
in different directions and it will be necessary to adjust the
fertilizer practices over seasons in such a way so as to strike a
balance between the two.

The generation of basic data for targeted yield of crops
in a rotation would enable application of fertilizer far
appropriate yield targets so that over seasons, the twin
objectives of high yields and maintenance of soil fertility
could be achieved.

Table-4 : Benefits of STCR recommendations as
reflected by front line demonstrations on gram under
arid condition

Particulars Farmers' GRD STCR STCR-
 practice IPNS*

Average Yield (q/ha) 9.33 13.03 16.51 19.28
Average fertilizer used 10.8+27. 20+40 20+29 20+16.2
(N+P O +K O+S) 6+0+0 +0+0 +20+36.8 +15+26.5
% Change over FP +39.7 +76.96 +106.65
Yield response 24.30 21.72 15.60 24.81
(kg/kg of nutrient)
B:C Ratio 1.47 2.32 3.16 3.34

2 5 2
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Linking soil fertility maps with STCR parameters for
spatial fertilizer recommendation

An attempt was made with joint venture of IISS, Bhopal
and NBSSLUP, Nagpur to create spatial fertilizer
recommendation maps using available validated fertilizer
adjustment equations (STCR's generated) and Geographic
Information System (GIS). The district level soil fertility
index of 10 districts of India were prepared, which can be
used to generate balanced fertilizer recommendation for
specified crops for entire district based on the average soil
fertility status of that district. District wise soil fertility
georeferenced maps were prepared using index values for
nitrogen (N), phosphorus (P) and potassium (K) for ten
states. Corresponding equivalent soil nutrient values in
respect of N, P & K were calculated from the index values.
Reasonable limits for targeted yields were defined. The
recommendations in the form equations for targeted yields
developed by Subba Rao and Srivastava (2001) have been
interlinked with the fertility maps. The use of this
recommendation system suggested for varied applications
for targeted yields in different districts of states. This can be
used up to field level also, if the farmer has the knowledge of
his fertility status and the yield target. The maps can also be

updated from time to time based on the soil test result data
base. It can be further narrowed down to block/village level
depending the availability of information. As an example N
soil fertility map in the year 2001 is depicted below. These
fertility maps can also be used to study the changing trends
in the fertility of nutrients and can be correlated with
fertilization practices of farmers of a particular region.

Treatment Soil
depth
(cm)

Bulk density Water retention (%) Hydraulic
conductivity

(cm/hr)
Yi Y3 Yi

(10
kPa)

Y3
(10
kPa)

Yi
(33
kPa)

Y3
(33
kPa)

Yi
(1500
kPa)

Y3
(1500
kPa)

Yi Y3

Control 0-15 1.52 1.53 8.80 8.77 5.60 5.58 1.90 1.88 10.4 10.51
15-30 1.53 1.53 8.60 8.61 5.30 5.28 2.10 2.08 8.2 8.23

General recom.
dose (GRD)

0-15 1.52 1.52 8.80 2.82 5.60 5.63 1.90 2.11 10.4 10.32
15-30 1.53 1.53 8.60 8.62 5.30 5.34 2.10 2.18 8.2 8.16

STCR 0-15 1.52 1.52 8.80 8.88 5.60 5.81 1.90 2.21 10.4 10.28
15-30 1.53 1.53 8.60 8.69 5.30 5.42 2.10 2.36 8.2 8.11

STCR-IPNS 0-15 1.52 1.50 8.80 9.51 5.60 6.36 1.90 2.89 10.4 9.28
15-30 1.53 1.50 8.60 9.22 5.30 6.07 2.10 2.51 8.2 7.76

Table-5 : Changes in  of soil in guar- wheat cropping system
under Rajasthan condition

bulk density, water retention and hydraulic conductivity

Y  Initial; Y : After 3 yearsi: 3

Table -6 : Changes in soil microbial biomass, dehydrogenase activity and organic carbon in guar- wheat cropping
system under Rajasthan condition

Y  Initial; Y : After 3 yearsi: 3

Treatments Soil depth
(cm)

Microbial biomass (mg
kg-1)

Dehydrogenase activity
(P Kat/g)

Organic C (%)

Yi Y3 Yi Y3 Yi Y3

Control 0-15 30 ±6.0 20 ± 3.2 1.05 1.06 ±0.06 0.11 0.07 ± 0.02
GRD (without
organics)

0-15 30 ±6.0 40 ± 5.4 1.05 2.10 ±0.07 0.11 0.10± 0.03

STCR (without
organics)

0-15 30 ±6.0 53 ± 5.5 1.05 2.88 ±0.07 0.11 0.12 ± 0.03

STCR-IPNS 0-15 30 ±6.0 69 ± 6.3 1.05 3.93 ±0.07 0.11 0.19± 0.03
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These maps, however, only indicate the general fertility level
in a district since the data collected and used was not
georeferenced.

Subsequently, the scientist at IISS took up a research
project to prepare web based soil fertility map for two
districts i.e., Hoshangabad and Guna of Madhya Pradesh by
following multistage random sampling for collection of soil
samples where tehsils were considered as strata in each
district. The GIS based soil fertility map for N, P, K was
prepared for Hoshangabad district and the soil test values
were revalidated.  The method has been found to be better
and soil fertility can be monitored over a period of time.

On similar lines, another research project has been
completed to map the soil fertility of some districts in India.
A soil fertility maps of a total of 175 districts have been
completed under that project. Fertiliser recommendation
equations derived from STCR studies i.e. soil nutrient
efficiency (Es), fertilizer nutrient efficiency (Ef) and nutrient
requirement (NR) of a particular crop are now being  linked
with the soil fertility values on the map which makes
possible to provide spatial fertilizer recommendation in the
form of maps. The recommendations can be obtained by an
extension agent/farmer simply by locating his area on the
map.

Agricultural development and sustainability crucially
depend upon relevant information access at opportune time.
There is a vast scope of extending ICTs through public,
private and non governmental organizations with respect to
extension, marketing and community services. The ideal
delivery model for these ICTs is envisioned to be a multi-
pronged strategy involving institutions under National
Agricultural Research System (NARS) to go online, share
their contents, and rural information kiosks providing
information access to the farmers. India has 37% of world
ICT enabled projects in rural areas. Agricultural resource
information using GIS models, expert systems, databases on
successful technologies have critical role in governance and
decision making by farmers.

All India Coordinated Research Project on Soil Test
Crop Response (AICRP-STCR) based at Indian Institute of
Soil Science has developed a computer aided model that
calculates the amount of nutrients required for specific yield
targets of crops based on farmers' soil fertility (Majumdar et
al. 2014). It is accessible on Internet (http://www.stcr.gov.in).
This software program reads data, performs calculations and

generates graphical and tabular outputs as well as test
reports. This system has the ability to input actual soil test
values of the farmers' fields to obtain optimum dose of
nutrients. The application is a user friendly tool. It will aid
the farmer in arriving at an appropriate dose of fertilizer
nutrient for specific crop yield for given soil test values (Fig.
1). Efforts are on way in developing bioinformatics, E-
choupals, digital libraries and e Governance that can benefit
agriculture immensely by way of providing information and
assisting the users in adopting the newer technologies.

Computer software, including spreadsheets, databases,
geographic information systems (GIS), and other types of
application software are readily available. The global
positioning system (GPS) has given the farmer the means to
locate position in the field to within a few feet. By tying
position data in with the other field data mentioned earlier,
the farmer can use the GIS capability to create maps of fields
or farms. Sensors are  under development that can monitor
soil properties, crop condition, harvesting, or post harvest
processing and give instant results or feedback which can be
used to adjust or control the operation.

Decision Support System for Integrated Fertiliser
Recommendation (DSSIFER) is a user friendly software
and the updated version (DSSIFER 2010) encompasses soil
test and target based fertiliser recommendations through
Integrated Plant Nutrition System developed by the AICRP-
STCR, Department of Soil Science and Agricultural
Chemistry, TNAU, and the recommendations developed by
the State Department of Agriculture, Tamil Nadu. If both
recommendations are not available for a particular soil –
crop situation, the software can generate prescriptions using
blanket recommendations but based on soil test values.
Using this software, fertilizers doses can be prescribed for
about 1645 situations and for 190 agricultural and
horticultural crops along with fertilisation schedule. If site
specific soil test values are not available, data base included
in the software on village fertility indices of all the districts
of Tamil Nadu will generate soil test based fertiliser
recommendation. Besides, farmers' resource based fertilizer
prescriptions can also be computed.  Therefore, adoption of

Application of Information and Communication
Technologies (ICT)

On-line fertilizer recommendation systems developed by
AICRP (STCR)

http://www.stcr.gov.in

DSSIFER

Fig. 1 : Internet enabled soil test based fertilizer
application software
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this technology will not only ensure site specific balanced
fertilisation to achieve targeted yield of crops but also result
in higher response ratio besides sustaining soil fertility. In
addition, the software also provides technology for problem
soil management and irrigation water quality appraisal.
Moreover, STLs of all the organisations can generate and
issue the analytical report and recommendations in the form
of Soil Health Card (both in English &Tamil) which can be
maintained by the farmers over long run.

Efforts are on way in developing bioinformatics, E-
choupals, digital libraries and e Governance that can benefit
agriculture immensely by way of providing information and
assisting the users in adopting the newer technologies.

Computer software, including spreadsheets, databases,
geographic information systems (GIS), and other types of
application software are readily available. The global
positioning system (GPS) has given the farmer the means to
locate position in the field to within a few feet. By tying
position data in with the other field data mentioned earlier,
the farmer can use the GIS capability to create maps of fields
or farms.

Among the various methods of formulating fertilizer
recommendation, the one based on yield targeting has found
popularity. This method not only indicates soil test based
fertilizer dose but also the level of yield the farmer can hope
to achieve if good agronomy is followed in raising the crop.
It provides the scientific basis for balanced fertilization not
only between the fertilizer nutrients themselves but also that
with the soil available nutrients.
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Abiotic stresses are caused in living organisms by non-
living environmental factors, such as drought, extreme
temperatures and edaphic conditions. Only 9% of the world
area is conducive for crop production, while 91% is under
one or other kind of stresses. This includes 25% under
drought, 22% has got shallow depth, 22% is under mineral
stress, 14% is under freezing stress and 11% is water logged.
Plants are especially dependent on environmental factors,
and continued abiotic stress can have harmful effects on
them resulting in complete failure of crop or loss in
production. The abiotic stresses can influence the crop
growth directly by bringing change in plant physiological
functions and indirectly by altering soil conditions. The
major abiotic stresses which influences soil conditions are
flooding, drought, nutrient mining, heavy metals, soil
salinity and acidity, high and low temperatures. The
abiotcally stressed soil usually results a change in root
physiology and adversely affect the capacity of soil to
supply plant nutrients and water causing loss in productivity.
Being a tropical country, India is more challenged with
multitude of several abiotic stresses. The country has been
experiencing losses in productivity due to episodic and
frequent droughts, floods, degradation of land, extremes of
temperature etc.  These problems are likely to aggravate
with changing climate putting forth a major challenge to
attain food security in the 21 century. Appropriate soil
management measures are therefore necessary to alleviate
the harmful effects of these abiotic stresses on soil
conditions and plant growth. Following are some of the
advisable soil management measures to cope up with the
problem of different abiotic stresses.

Drought is one of the major constraints on plant
productivity worldwide and is expected to increase with
climatic changes. Drought is a climatic phenomenon,
characterized by deficient supply of moisture resulting
either from sub normal rainfall, erratic rainfall distribution,
higher water need or a combination of all of the three factors.
Drought can occurs in all climatic regimes. Agricultural
drought occurs when soil moisture and rainfall are
inadequate to support a healthy crop growth during growing
season and cause extreme crop stress and wilt permanently.

IMD classified agricultural drought as an occasion when the
rainfall for a week is half of the normal of less, when the
normal weekly rainfall above 5 mm or more. If such 4 such
consecutive weeks occur from middle of May to October, it
is considered agricultural drought (Ramakrishna et al.
2004). In India, around 68% of the area is prone to drought in
varying degrees. 35% area which receives rainfall between
750 mm and 1125 mm is considered drought prone while
33% receiving less than 750 mm is chronically drought
prone. It has been estimated that the total geographical area
of the drought districts in India is 108 M ha out of which 81
M ha is culturable (75%), gross sown area is 61.9 M ha
(57.4%) and the gross irrigated area is 14.3 M ha. About
23.23% of the total cropped area is irrigated in the drought
districts as against an all India average of 30.15%.

The most appropriate soil management way to avoid or
reduce the harmful effects of drought on soil and crops is
frequent irrigation. However, in situations of limited
availability of water, it should be applied to crops at critical
crop growth stages. The efficiency of irrigation water can be
improved by application of irrigation based on crop
requirement (irrigation scheduling), proper application
technique and drainage system. Drought prone areas usually
have limited water for crop use, therefore, some preventive
soil management strategies are necessary to minimize the
crop losses under conditions of drought. It includes soil
moisture conservation, selection of crops based on moisture
availability, increase in water holding capacity of soil
through addition of organic manures/residues and adoption
of INM practices and application of microorganisms such as
AM fungi, PGPR and K solubilizing bacteria. The choice of
the crop based on humid period is particularly important
under rained conditions. In arid regions, where rainfall is
above 300 mm, short duration drought resistance pulses like
mungbean, moth bean, cowpea and cereals, pearl millet and
minor millets are suitable.  In semi arid regions, where
humid period is around 6 weeks and soils hold less than 150
mm water, rainy session crops should be grown. However,
additional post rainy crops may also be taken on conserved
moisture where soil can hold more than 200 mm water.
Intercropping is possible in soils with 150-200 mm water
holding capacity.

st
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It has been demonstrated in several studies that
arbuscular mycorrhizal (AM) fungi plays a key role in
alleviating water stress and increasing drought resistance in
crop plants (Rapparini and Peñuelas, 2014). AM symbiosis
can help plants to cope with the detrimental effects of soil
water deficit acting, directly or indirectly, on plant functions
both above- and belowground. At the levels of both leaves
and roots, the osmotic stress usually caused by drought is
counteracted by mycorrhizal plants through biochemical
changes that mostly include increased biosynthesis of
metabolites (mainly proline and sugars) that act as
osmolytes. These compounds contribute to the lowering of
the osmotic potential, and in turn, of the leaf water potential.
Many plant growth promoting rhizobacteria contain the
enzyme 1-aminocyclopropane-1-carboxylate (ACC)
deaminase and this enzyme can cleave the ethylene
precursor ACC to a-ketobutyrate and ammonia and thereby
lower the level of ethylene in stressed plants (Kloepper,
2003).

Soil salinization refers to the accumulation of excess
salts in the root zone resulting in a partial or complete loss of
soil productivity. Salt affected soils occupy an area of about
7.04 M ha in India (Velayutham and Bhattachayya, 2000).
The problems of soil salinity are most widespread in the arid
and semi-arid regions, but salt affected soils also occur in
sub-humid and humid climates, particularly in the coastal
regions. Soil salinity is also a serious problem in areas where
groundwater of high salt content is used for irrigation. The
most serious salinity problems are being faced in the
irrigated arid and semi-arid regions. This is because
irrigation water brings additional salts and releases
immobilized salts in soil through mineral dissolution and
weathering, and losing water volumes through
evapotranspiration and concentrating the dissolved salts in
soil solution.   Depending upon the nature, characteristics
and plant growth relationships in salt affected soils, these
soils have been broadly categorized in two main groups: (i)
Saline soils which contains sufficient neutral soluble salts
(chlorides and sulphates of sodium, calcium and
magnesium) to adversely affect the growth of most crop
plants and (ii) Sodic soils that  contains sodium salts capable
of alkaline hydrolysis, mainly Na CO . These soils have also
termed as 'Alkali' soil. Besides, acid sulphate soils
characterized with low pH (below 3.5 to 4.0 in 50 cm depth)
formed by the oxidation of pyrite (FeS ) or, rarely of other
reduced sulphur compounds in coastal regions are also
present. Apart from high salinity, the productivity of acid
sulphate soils is restricted due to iron and aluminum
toxicities, deficiency of phosphorus, etc (Abrol et al., 1988).

Reclamation of salt affected soils must be based upon a
proper understanding of causative factors for the
development of saline and sodic soils. Broadly, the
reclamation methods can be grouped as: i) Physical
methods, ii) chemical methods and iii) biological methods.
The physical methods include deep ploughing, sub soiling,
sand filling, and profile inversion. The basic principle of
these operations is to break down the hard pan or compacted
cemented subsoil layers. These mechanical treatments must
be followed by leaching of soil with good quality irrigation
to wash out soluble salts from profile, which should be then
removed though drainage. The chemical methods employ
application inorganic chemical agents, which can supply,
either directly of indirectly, Ca to replace exchangeable Na
from soil exchange complex. These include gypsum,
sulphur, iron sulphate, iron pyrites or even sulphuric acid. Of
these gypsum is most commonly and widely used because of
its low cost. The biological methods of reclamation are
based on the addition of organic matter to soil. Organic
matter benefits saline and sodic soil in two ways: a)
improvement in water filtration and b) release of CO  during
decompositions. In calcareous soil, CO  bring in additional
soluble Ca for replacing Na in soil exchange complex.

Soil acidity affects both plant growth and survival and
functions of soil organisms. Approximately 49 M ha land in
India suffers with acidity, out of which 29.5 M ha have pH
below 5.6 and 23.0 M ha with a pH value between 5.6 and
6.5.These soils are found mostly in areas receiving heavy
rainfall in states Assam, North Eastern states, Jammu &
Kashmir, Orissa, Jharkhand, West Bengal, Himachal
Pradesh, Kerala, Uttarakhand, Tamil Nadu. Acid soils suffer
from deficiencies as well as toxicities of certain nutrients
and have very low productivity. Soil acidity is a major
constraint in crop production, more serious in areas where
low input agriculture is practiced. The problem is more
complex when there is sub soil acidity with or without
surface soil acidity. Acid soils are often characterized by low
cation exchange capacity, intermediate texture ranging from
sandy loam to loam, low in organic matter content and low in
P. These soils contain relatively higher amounts of Fe and Al
ions in the soil solution and exchangeable H  and Al  ions.
These soils have high capacity of solid phase to adsorb
anions, especially phosphate ions and exhibit very low
biological activities. Amelioration of these soils require
liming to neutralize active and a part of exchange acidity and
application of fertilizers to ensure adequate supplies of
nutrients to crops. Application of liming materials like lime,
limestone has been found promising in improving yield of
crops and efficiency of fertilizers in acidic soils. The liming
should be done based on lime requirement after soil testing.

Salt Stress

Soil Acidity

2 3

2

2

2

+ 3+

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

122JNKVV, Jabalpur (M.P.)



Recent work has indicated that application of 3-4 quintals
lime ha  is very effective for increasing the crop yields.
However it has to be applied to each crop, unlike the
neutralizing dose of 3-4 t ha  which is good for 4.0 to 5.0
years. Care should be taken that soil electrical conductivity
should not be increased much following liming. These soils
have high capacity of P fixation; hence application of P is
very important for obtaining good production from acid
soils. Use of water insoluble phosphate like Rock phosphate
can also be used in these soils for increasing the P nutrition.
On the other hand, ammonical fertilizers which have acidic
effects on soils must be avoided.

An irrigated area is said to be waterlogged when the
surplus water stagnates due to poor drainage or when the
shallow water table rises to an extent that soil pores in the
root zone of a crop become saturated, resulting in restriction
of the normal circulation of the air, decline in the level of
oxygen and increase in the level of CO . Water logging cause
anaerobic soil conditions resulting in to reduction of soil
redox potential. It influences the availability of nutrients in
soil through chemical reduction of some metallic elements
and soil biological activity. The availability of P, Fe and Mn
though increases in soil following submergence, however
continuous water logging may increase the availability of Fe
to such concentrations that become toxic to plants.  Sulphide
may accumulate and cause sulphide injury to roots. NH

may be displaced by Fe  and butyric acid fermentation may
result due to anaerobic decomposition of organic matter
which will inhibit nutrient uptake (Ghildyal, 1976).
Anaerobic soil conditions causes rapid N loss from soil
through denitrification, especially if ammonical fertilizer
are applied in surface soil layers. Excessive water content in
root zone causes aeration stress to crops by reducing water
free-porosity. In order to avoid, harmful effects of water
logging/ flooding in low permeability soils, crops should be
grown on raised beds or ridges (Tomar et al., 1996). Leveling
of field and proper drainage is necessary for crop production
in these soils  Leveling of land in many wetlands removes
water by run off while drainage removes excess water from
the root zone that is harmful for plant  growth. Land can be
drained by surface drainage, sub-surface drainage and
drainage well methods. Soil and water management
strategies such as controlled irrigation, checking the seepage
in the canals and irrigation channels,  flood control measures
and plantation of tree having high transpiration rate
(Eucalyptus, Acacia, Zyzyphus)  and cultivation of
submergence tolerant crop varieties are other options for
obtaining production in water logged soils.

Nutrient mining has increased with intensive cultivation
during the post-Green Revolution period and the situation
has compounded with low inherent fertility of most of Indian
soils (89, 80 and 50 percent of soil samples analyzed for N, P
and K, respectively fall under low to medium category).
Nutrient balance sheets in most soils of India have been
deficient and continue to be so. Currently, there is a net
negative balance of about 8-10 million tonnes of NPK due to
inadequate replenishment through fertilizers and manures
and the nutrient limitations are leading to decline in partial
factor productivity (Tandon 2004).  In addition, the present
micro-nutrient deficiencies are to the tune of 49, 33, 13, 12, 5
and 3 % for zinc, boron, molybdenum, iron, manganese and
copper, respectively, while that for secondary nutrients like
S have also become wide spread (41%). These deficiencies
are often reflected in poor health of human and livestock.
Plant nutrient management strategies such as balanced
fertilization, INM involving use of organic manures, crop
residues, green manure,  bioferilizers etc., SSNM, etc.,  have
been found promising to bridge the gaps in nutrient removal
and addition and maintaining soil health in the country.

Heavy metals, broadly defined as groups of toxic metals
or metalloids associated with pollution and toxicity, are the
ones having density of more than 6 mg m  and atomic weight
more than that of Fe. All micronutrient cations (Fe, Mn, Cu,
Zn and Ni) are classified as heavy metal and depending upon
the levels in plants exhibit both deficiency and toxicity. In
addition, Pb, Cd, Cr, Hg, Se and Ar are other heavy metals
and metalloids which exhibit toxicity to plants, animals and
human beings. Soils are major sink for metals released in to
environment. The accumulation of heavy metals in soils
general occur though used of untreated sewage sludge and
industrial effluents for growing crops. Although the
concentration of heavy metals in in industrial and sewage
effluents are low, however long term use of waste water may
results in the accumulation of heavy metals in soils.
Fertilizer industries producing variety of nitrogenous and
phosphatic fertilizers are also the sources of metals in
sewage water. Phosphate containing fertilizers usually
contain elevated levels of Cd and Pb. Similarly, varying
concentrations of As (0-29.5 mg kg ), Cd (0-23 mg kg ) and
Pb (0-1430 mg kg ) have been reported in Zinc sulphate
(Rattan et al., 2002).

The remediation strategy for heavy metal contaminated
soils includes excavation of soil followed by soil washing
and disposal of treated soils. The most common form of
remediation involves simply removing the pollutant source
and contaminated soils from the area. Polluted soils are
typically taken to a landfill, or treated and then taken to a
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landfill. This option of remediation of contaminated soil
involves huge cost. Application of chemical ameliorants
generally adds geochemical precursors to the soil that
enhance natural attenuation mechanisms through different
sorption processes (complexation, co- precipitation or
entrapment) that occur in the soil, thus reducing the mobility
and bioavailability of the heavy metals. Various ameliorants
such as red gypsum, biochar, biosurfactants, humic
substances, red mud, hydrous ferric oxide, manganese
oxide, lime have shown in imbobilizing the heavy metals in
soils (Singh, 2011). Phytoremediation, which involve the
use of plants for reclaiming contaminated site, is another low
cost option.  It is based on the observations that some plants
species, called high accumulator, had very high genetic
potential  to accumulate larger amounts of certain metals.
Several high accumulators plant such as

 etc. have
been identified for accumulation of Cu, Ni, Pb, Se, and Zn
(Nanda Kumar, 1995). However, the slow removal rate is the
major problem of this approach. Another problem is the
lower biomass production of these hyper accumulators
plants, which could be solved by developing prolific
biomass producing hyper accumulators through genetic
engineering.
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The intensive agricultural technologies, which ensured a
'green revolution', had an unpredictably high ecological
cost, contributing to global pollution, unfavourable climate
change and loss of biodiversity (Vance, 1998). In response to
this, an increasing attention has been paid to the
development of sustainable agriculture in which the high
productivities of plants are ensured using their natural
adaptive potentials, with a minimal disturbance of the
environment (Noble & Ruaysoongnern, 2010). In this
context, the most promising strategy to reach this goal is to
substitute hazardous agrochemicals (mineral fertilizers,
pesticides) with environment-friendly preparations of
symbiotic microbes which could plant growth and health as
well as their protection from biotic (pathogens, pests) and
abiotic (including pollution and climatic change) stresses
(Yang et al., 2009).

Although all parts of the plant are colonized by
microorganisms, the rhizosphere represents the main source
of bacteria with plant-beneficial activities. These bacteria
are generally defined as plant growth-promoting
rhizobacteria (PGPR). PGPR comprise a diverse group of
rhizosphere colonizing bacteria which, when grown in
association with a plant, stimulate growth of the host. The
use of plant-growth-promoting rhizobacteria (PGPR) to
promote plant growth under abiotic stress is a developing
technology (Bacilio et al., 2004; Grover et al., 2011). PGPR
can affect plant growth and development indirectly or
directly (Vessey, 2003). In indirect growth promotion, the
bacteria decrease or eliminate certain deleterious effects of a
pathogenic organism through various mechanisms,
including induction of host resistance to the pathogen (van
Loon, 2007).

In direct promotion, the bacteria may provide the host
plant with synthesized compounds which may facilitate
uptake of nutrients; fix atmospheric nitrogen; solubilize
minerals such as phosphorus; produce siderophores, which
solubilize and sequester iron; synthesize phytohormones,
including auxins, cytokinins and gibberellins, which are
useful at various stages of plant growth; or synthesize
enzymes that modulate plant growth and development (Lucy
et al., 2004; Gray and Smith, 2005).

Plant growth promotion by bacteria can also occur as an
outcome of the provision of nutrients that are not adequately
available in the soil. These nutrients include phosphate,
nitrogen and iron. The main mechanisms involved, as
explained below, are the solubilization of phosphate,
nitrogen fixation and iron chelation through siderophores.

Organic phosphorus represents from 50% to 80% of the
total soil P, and most plants are unable to utilize these
sources of P (Richardson, 2001). The phosphate applied in
the form of superphosphates is readily converted into
insoluble forms. Several microorganisms are known to
solubilize the abundant sources of phosphorus, such as rock
phosphate (Valverde et al., 2006). Microorganisms play an
eminent role in effecting the availability of soil phosphate to
plant roots and increasing phosphate mobilization in soil.
Thus, the application of bio-fertilizers capable of phosphate
solubilization, could bridge the gap. Phosphate solubilizing
microorganisms render the insoluble phosphates into
soluble form through the process of acidification, chelation,
exchange reactions and phosphatases production (Kim et al.,
1998).

Mechanisms of Plant Growth Promotion

Phosphate Solubilization

Fig. 1. Mechanisms of plant growth promotion by PGPR
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Although, several mechanisms may be involved, the
most important is through the production of organic acids.
Evidently, these organic acids solubilize insoluble forms of
phosphate to usable forms, such as orthophosphate, thus
increasing the potential availability of phosphate for plants.
The low molecular weight organic acids released by P
solubilizing bacteria, which through their hydroxyl and
carboxyl groups chelate the cations (mainly Ca ), bound to
phosphates, thereby converting it into soluble forms (Kim et
al., 1997). There is experimental evidence to support the role
of organic acids in mineral phosphate solubilization (Halder
et al., 1990). Proton-excretion accompanying ammonium
ion assimilation is considered to be the most probable
explanation for microbial solubilization without acid
production (Illmer, 1995). However, phosphate
solubilization is a complex phenomenon, which depends on
many factors such as nutritional, physiological and growth
conditions of the culture (Chen et al., 2006). P-solubilizing
bacteria are common in rhizospheres (Nautiyal et al., 2000).
Examples of recently studied associations include
Enterobacter agglomerans in tomato (Kim et al., 1998);
Rhizobium sp. and Bradyrhizobium japonicum in radish;
Rhizobium leguminosarum bv. phaseolin in maize (Chabot
et al., 1998); Azotobacter chroococcum and Bacillus
circulans (Kumar and Narula, 1999), Rhizobium and
Pseudomonas in Salicornia (Jha et al., 2012); and
Pseudomonas chlororaphis and P. putida in soybean.

Iron, in spite of being the fourth most abundant metal
ion on the earth's crust, is not readily available to
microorganisms due to the presence of its insoluble
oxyhydroxide polymeric form under aerobic conditions at
physiological pH (Storey et al., 2006). Many
microorganisms have overcome the sparse availability of
iron by evolving a variety of sophisticated iron transport
systems (Wandersman and Delepelaire, 2004). Since the
amount of soluble iron in the soil would be much low to
support microbial growth, soil microorganisms secrete low
molecular mass (400-1000 daltons) iron binding
compounds known as siderophores which bind Fe  with a
very high affinity (Kd =10-20 to 10-50) and transport it
across the cell wall and cell membranes into the cell by
means of a cellular receptor and then make it available for
microbial growth (Neilands, 1995). Microorganisms also
benefit plants by producing Fe-binding compounds known
as siderophores, under iron deficient soils. Production and
secretion of siderophores by the PGPR can prevent the
proliferation of phytopathogens (especially fungal) and
thereby facilitate plant growth. Although, fungal
phytopathogens also synthesize siderophores, the fungal
siderophores generally have a lower affinity for iron than the
siderophores produced by PGPR (Schippers et al., 1987).

Therefore, the PGPR gives a tough competition to the fungal
phytopathogens for available iron.

Unlike microbial phytopathogens, plants are not
generally harmed by the localized depletion of iron in the
soil caused by PGPR. Most plants can grow at much lower
(about 1000-fold) iron concentrations than microorganisms.
Additionally, a number of plants have mechanisms for
binding the bacterial iron siderophore complex, transporting
it through the plant and then reductively releasing the iron
from the bacterial siderophore so that it can be used by the
plant (Wang et al., 1993). In the rhizosphere, microbial
activity plays an important role in iron acquisition. It has
been reported that under non-sterile soil system, plants show
no iron-deficiency symptoms and have fairly high iron level
in roots in contrast to plants grown in sterile system,
supporting the possible role of microbial community in iron
uptake (Masalha et al., 2000). Pseudomonas spp. have been
used as providers of heterologous siderophores for plants
(Sharma et al., 2003).

Agriculture has become increasingly dependent on
chemical sources of nitrogen derived at the expense of
petroleum. Besides being costly, the production of chemical
nitrogen fertilizers depletes nonrenewable resources and
poses environmental hazards. To complement and
eventually substitute mineral fertilizers with biological
nitrogen fixation would represent an economically
beneficial and ecologically sound option. However, despite
nitrogen's abundance in the atmosphere, it must first be
reduced to ammonia before it can be metabolized by plants
to become an integral component of proteins, nucleic acids,
and other biomolecules (Bøckman, 1997). The most
important microorganisms that are currently used
agriculturally to improve the nitrogen content of plants
including a range of Rhizobia, each specific for a limited
number of plants. Other nitrogen-fixing bacteria, notably
Azospirillum spp., are also employed as bacterial
inoculants; however, it is generally thought that for free-
living bacteria, the provision of fixed nitrogen is only a very
small part of what the bacterium does for the plant (James
and Olivares, 1997).

The phytohormones auxins, cytokinins, gibberellins,
and ethylene and abscisic acid (ABA) all play key roles in
the regulation of plant growth and development (Salisbury
and Ross, 1992). Many rhizosphere microorganisms
produce or modulate phytohormones under in vitro
conditions (De Salamone et al., 2005). Consequently, many
PGPB with the ability to alter phytohormone levels can
affect the plant's hormonal balance.
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Production of auxin is widespread among soil bacteria
(estimated to be ~80% of all soil bacteria). This ability has
been detected in a wide range of soil bacteria as well as in
streptomycetes, methylobacteria, cyanobacteria, and
archaea. Several of these microorganisms, are involved in
plant pathogenesis, whereas others are free-living or
symbiotic PGPB. One of the important aspects of the
bacterial-plant interaction that has received worldwide
attention is the bacterial production of IAA (Vestergård et
al., 2007). Production of plant growth hormone is important
because of their physiological effects on plant growth. They
influence root respiration rate and root proliferation which
results in an increased mineral and water uptake by the
plants (Fallik et al., 1994). It is well-established that auxin
promote lateral and adventitious root formation and may
either stimulate or inhibit root elongation depending on the
concentration. Similar responses have been documented for
plants inoculated with auxin producing bacteria (Ashgar et
al., 2002). Production of IAA, a plant hormone that does not
apparently function as a hormone in bacterial cells, may
have evolved in bacteria because of its importance in the
bacterium-plant relationship (Patten and Glick, 2002).
Bacteria belonging to the genera Azospirillum,
Pseudomonas, Xanthomonas, Rhizobium as well as
Alcaligenes faecalis,  Enterobacter cloacae, Acetobacter
diazotrophicus and Bradyrhizobium japonicum have been
known to produce auxins which help in stimulating plant
growth (Patten and Glick, 1996).

Among the several suggested mechanisms for
improvement in plant growth, the most plausible one is the
changes in the endogenous levels of plant growth-regulating
substances (phytohormones) caused by the PGPR (Glick,
2004). Root-associated as well as symbiotic PGPR can
improve plant nutrition and growth, plant competitiveness
and responses to external stress factors (Dell'Amico et al.,
2008). Ethylene is an important growth hormone produced
by almost all the plants, which mediates a wide range of
plant responses (Gontia-Mishra et al., 2014). Ethylene is
usually considered as an inhibitor of plant growth, but at low
levels can actually promote growth in several plant species,
including Arabidopsis. For many plants, a burst of ethylene
is required to break seed dormancy, but following
germination, a sustained high level of ethylene would inhibit
root elongation (Jackson, 1991). In addition, ethylene is
synthesized in plant tissues from the precursor 1-
aminocyclopropane- 1-carboxylic acid (ACC) during biotic
and abiotic stress conditions (salt, drought, flood and heavy
metals), which in turn retards root growth and causes
senescence in crop plants (Ma et al., 2003).

The alteration in endogenous level of ethylene is caused

by some specific rhizobacteria usually resulting in better
root length (Glick, 2004), root weight (Shaharoona et al.,
2006; 2007) and root surface area. The direct precursor of
ethylene in the plant biosynthetic pathway, ACC is exuded
from plant roots together with other amino acids. A number
of PGPR contain the enzyme 1-aminocyclopropane-1-
carboxylate (ACC) deaminase (Shah et al., 1998), which
cleaves the plant ethylene precursor ACC to ammonia and ?-
ketobutyrate and thereby lowers the level of ethylene in a
developing or stressed plant. PGPR that contain the enzyme
ACC deaminase, when bound to the seed coat of a
developing seedling, ensure that the ethylene level does not
become elevated to the point where initial root growth is
impaired. By facilitating the formation of longer roots, these
bacteria may enhance the survival of seedlings, especially
during the first few days after the seeds are planted. Also,
plants that are treated with ACC deaminase containing
PGPR are dramatically more resistant to the deleterious
effects of stress-induced ethylene conditions like, flooding,
heavy metals, the presence of phytopathogens, drought and
high salt. In each of these cases the ACC deaminase
containing PGPR markedly lowered the level of ACC in the
stressed plants thereby limiting the amount of stress-induced
ethylene synthesis and hence the resulting damage to the
plant. Such, PGPR are beneficial to plant growth since in the
natural environment plants are often subjected to stresses
that produce ethylene. The ACC deaminase activity has been
reported in several PGPR such as Kluyvera ascorbata
SUD165, P. putida UW4, P. putida GR12-2, Azospirillum
brasilense Cd, Enterobactor cloacae CAL2 and Rhizobium
leguminosarum (Arshad et al., 2007). There is a significant
correlation between in vitro ACC deaminase activity of the
bacteria and growth-promoting activity of these bacteria
under axenic and natural (pot and field trials) conditions
(Shaharoona et al., 2006).

Rhizobacteria are effective competitors in the
rhizosphere which can establish and persist on roots of
agronomically grown plants (Kloepper and Mariano, 2000).
PGPR may promote plant growth directly on healthy plants
or indirectly when controlling phytopathogens or pests in
different crops (Keel and Maurhofer, 2009). They can be
isolated from any other plant part besides the roots as well as
from the plant surface or interior. According to Hallman et
al. (1997), the endophytic bacteria involved in biological
control showed advantages of having the same ecological
niche of the pathogen and could be protected from diverse
abiotic influences. PGPR also exhibit several mechanisms
of biological disease control, most of which involve
competition and production of metabolites which affect the
pathogen directly. Examples of such metabolites include
antibiotics, cell wall degrading enzymes, siderophores, and
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HCN (Enebak et al., 1998). It is noteworthy to state that
different mechanisms may be found in a single strain and act
simultaneously. Some PGPR do not produce metabolites
against the pathogens and are spatially separated from them.
These two traits suggest that alteration of host defense
mechanisms account for the observed disease protection.
Induced systemic resistance (ISR) or systemic acquired
resistance (SAR) is defined as the activation of chemical and
physical defenses of the plant host by an inducer which
could be a chemical or a microorganism, leading to the
control of several pathogens (Kloepper et al., 1992).

A few examples of PGPR and biocontrol products are:
Agrobacterium radiobacter K1026 (Nogall®), Bacillus
pumilus QST 2808 (Sonata® TM), B. pumilus GB34
(YieldShield®), B. subtilis GBO3(Kodiak®), Pantoea
agglomerans C9-1 (BlightBan C9-1®), P. agglomerans
E325 (Bloomtime®), Pseudomonas aureofaciens Tx-
1(Spot-Less®T), P. syringae ESC-10 and ESC-11 (Bio-
save®), P. fluorescens A506 (BlightBan®).

Identification and characterization of beneficial
bacteria involves morphological, physiological and
molecular characteristics based on fatty acid analysis, mol
(%) of GC contents, DNA-DNA hybridization, and 16S
rRNA sequencing. These characteristics help in defining the
taxonomy and nomenclature of PGPR.

The accurate comparison of organisms depends on a
reliable taxonomic system. Current schemes for identifying
different bacterial strains may be roughly divided into four
categories effectively based upon (1) traditional
biochemical, morphological, and physiological characters,
(2) miniaturized versions of traditional biochemical tests
(e.g., API kits, and Biolog plates), (3) chemotaxonomic
characters (such as polyacrylamide gel electrophoresis
[PAGE], and fatty acid methyl ester [FAME] profiles), and
(4) genomic characters (16S rRNA gene sequencing, and
DNA-DNA relatedness, and other techniques).

However, it is impossible to set up standardized
conditions to accommodate the growth of all bacterial
strains of all species for chemotaxonomic work and a
polyphasic approach is now imperative for a confident
classification study. Polyphasic approach refers to the
integration of genotypic, chemotypic, and phenotypic
information of a microbe in order to perform reliable
grouping of the organism. Some of the features used for
polyphasic characterization of rhizobacteria are presented
below.

Phenotype includes morphological, physiological, and
biochemical properties of the microorganism (de Vos et al.,
2009). Traditional phenotypic tests used comprise colony
morphology (color, dimensions, form) and microscopic
appearance of the cells (shape, endospore, flagella,
inclusion bodies), characteristics of the organism on
different  growth substrates,  growth range of
microorganisms on different conditions of salt, pH, and
temperature, and susceptibility toward different kinds of
antimicrobial agents, etc. Even if cell wall composition is
analyzed, the Gram reaction is still a valuable diagnostic
character. Biochemical tests in bacterial identification
include the relationship with oxygen, fermentation
reactions, and nitrogen metabolism. However,
reproducibility of results from phenotypic tests between
different laboratories is a great problem and only
standardized procedure should be used during execution of
experiment.

Some chemotaxonomic fingerprinting techniques
applied to PGPR identification include FAME profiling,
PAGE analysis of whole-cell proteins, polar lipid analysis,
quinone content, cell wall diamino acid content, pyrolysis
mass spectrometry, Fourier transform infrared spectroscopy,
Raman spectroscopy, and matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry. Fatty acids are the major constituents of lipids
and lipopolysaccharides and have been used extensively for
taxonomic purposes. FAME analysis is presently the only
chemotaxonomic technique that is linked to a commercial
database for identification purposes. Fatty acid profiles
showing variability in chain length, double-bond position
and substituent groups are perfectly suitable for taxon
description and also for comparative analyses of profiles that
have been obtained under identical growth conditions
(Suzuki et al., 1993).

Sodium dodecyl sulfate-PAGE (SDS-PAGE) of whole-
cell proteins requires standardized conditions of growth,
combined with a rigorously standardized procedure for
analysis and normalization of the data for computer-assisted
comparison of the results. Determination of the cell wall
composition has traditionally been important in Gram-
positive bacteria which contain various peptidoglycan types.
The peptidoglycan type of Gram-negative bacteria is rather
uniform and provides little information. Isoprenoid
quinones occur in the cytoplasmic membranes of most
prokaryotes and play important roles in electron transport,
oxidative phosphorylation, and possibly, active transport
(Collins and Jones, 1981). There are two major structural
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groups, the naphthoquinones (subdivided into two types: the
phylloquinones and the menaquinones) and the
benzoquinones. The large variability of the side chains
(differences in length, saturation, and hydrogenation) can be
used to characterize bacteria at different taxonomic levels
(Collins and Jones, 1981). The taxonomic importance of
polar lipids has now been demonstrated for some novel
genera among the Bacillaceae, although many polar lipids
detected have not yet been structurally characterized.
Finally, pyrolysis mass spectrometry, Fourier transform
infrared spectroscopy, and UV resonance Raman
spectroscopy are sophisticated analytical techniques which
examine the total chemical composition of bacterial cells.
These methods have been used for taxonomic studies of
particular groups of bacteria, including the members of the
family Bacillaceae, Antinobacteria (Logan et al., 2009;
Gontia et al., 2011).

Genotypic methods are those that are directed toward
DNA or RNA molecules. Undoubtedly, these methods have
revolutionized the bacterial identification system and
taxonomy. Different techniques are now available to subtype
bacteria up to strain level, such as restriction fragment length
polymorphism (RFLP), plasmid profiling, ribotyping,
amplified ribosomal DNA restriction analysis (ARDRA).
Determination of the moles percent guanosine plus cytosine
is one of the classical genotypic methods. Generally, the
range observed is not more than 3% within a well-defined
species and not more than 10% within a well-defined genus
(Stackebrandt and Goebel, 1994).

DNA-DNA hybridization or DNA-DNA reassociation
technique is based on the fact that at high temperatures DNA
can be denatured, but the molecule can be brought back to its
native state by lowering down the temperature
(reassociation). This technique considers the comparison
between whole genome of two bacterial species. A bacterial
species, generally, would include the strain with 70% or
greater DNA-DNA hybridization values with 5°C or less Tm
values, and both the values must be considered. There are
many different methods for DNA-DNA hybridization, but it
is important to state that this technique gives the relative %
of similarity but not the actual sequence identity. DNA
microarray is a method which was lined up to overcome the
shortcomings of DNA-DNA hybridization. Although DNA
microarray also involves hybridization of DNA, it uses
fragmented DNA instead of whole genomic DNA.
Numerous DNA fragments can be hybridized on a single
microarray and gives resolution up to strain level.

Indeed, taxonomy was revolutionized when the gene
sequences of rRNA molecules were introduced to compare
evolutionary similarities among strains (phylogenetic

comparisons). All the three kinds of rRNA molecules, i.e.,
5S, 16S, and 23S and spacers between these can be used for
phylogenetic analyses, but 16S rRNA gene (1,650 bp) is the
most commonly used marker. It has a universal distribution,
highly conserved nature, fundamental role of ribosome in
protein synthesis, no horizontal transfer and its rate of
evolution which represents an appropriate level of variation
between organisms (Stackebrandt and Goebel, 1994). The
16S rRNA molecule comprises of variable and conserved
regions, and universal primers for the amplification of full
16S rRNA gene are usually chosen from conserved region
while the variable region is used for comparative taxonomy.
The 16S rRNA gene sequence is deposited in databases such
as Ribosomal Database Project II (http://rdp.cme.msu.edu/)
and GenBank (http://www.ncbi.nlm.nih.gov/). Sequences
of related species for comparative phylogenetic analysis can
also be retrieved from these databases. The extent of
relatedness between bacterial species can be scrutinized by
the construction of phylogenetic trees. The phylogenetic tree
ascertains the genus to which the strain belongs and its
closest neighbors, i.e., those sharing the clade or showing
>97% 16S rRNA gene sequence similarity, are obtained
from various culture collections to perform further
genotypic, chemotaxonomic, and phenotypic analysis.

At present, by correlation with experimental data
obtained in the comparison of total genomic DNA (DNA-
DNA hybridization), it is proposed that a similarity below
98.7-99% on the 16S rRNA gene sequences of two bacterial
strains is sufficient to consider them as belonging to different
species. On the other hand, two strains showing similarities
above the 98.7% threshold may represent two different
species. In these cases, total genome DNA-DNA
hybridization must be performed and those strains for which
similarities are below 70% are considered to belong to
different species (Stackebrandt and Goebel, 1994). Finally,
sequences of other highly conserved housekeeping or other
protein encoding genes, such as rpoB, gyrB, recA, have also
great potential for taxonomic analysis at the species level.

PGPRs are the potential tools for sustainable agriculture
and trend for the future. There is great interest worldwide to
understand many of the fundamental mechanisms that
PGPR use to facilitate plant growth. It is necessary to know
the fundamental genetic and biochemical mechanisms that
govern the relationship between PGPR and plants before
using them on a massive scale in the environment.
Combinations of beneficial bacterial strains that interact
synergistically are currently being devised and numerous
recent studies show a promising trend in the field of
biofertilizers.

Genetic Approaches

Conclusion
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Potassium (K) is an essential plant nutrient playing an
important role in various physiological and biochemical
activities and is required in high amounts to maintain
adequate crop growth (Mengel and Kirkby 2001). The post
Green Revolution era in India saw the use of  imbalanced
chemical fertilizer applications often high in nitrogen,  the
introduction of irrigation  and the advent of high yielding
varieties. The combined effect of these developments has
been to accelerate the mining of potassium in soils resulting
in inadequacy of available K in many soils. Currently the
majority of Indian soils are in negative balance of K in terms
of crop production. Rainfed crops are more prone than
irrigated crops because in contrast to irrigation water,
rainwater does not allow any possibility of addition of K to
the soil (Singh and Wanjari, 2012). Another important factor
relating to the negative K balance is that in India, straw is not
returned to the soil. Despite the fact that it contains a high
proportion of the K taken up by the crop, straw has multiple
other competitive uses including cattle feed and fuel. A
response to K fertilization is thus to be expected

An all India Coordinated Research Project on Long-
Term Fertilizer Experiments (LTFE) has been in progress for
many years at 17 locations across the country. It covers
predominant cropping systems and soil types studying the
response of crops to applied nutrients in terms of crop
productivity and also monitoring nutrient status in the soil as
well as the nutrient balance in the various soil crop systems.
At several locations it is now well established that
availability of K has become yield limiting factor and a
decline in yield because of 'hidden hunger of K' in very
different soils of India was reported by Wanjari et al. (2004).
Regular monitoring of the soil is essential to establish soil
potassium status to avoid loss in productivity and in this
respect these long term fertilizer experiments have provided
an excellent opportunity to study impact of continuous
fertilizer application on K-status and crop response under
different cropping systems. Additionally experiments have
allowed the development of strategies for efficient
utilization of potassium in sustaining productivity.

Of the 17 centres across India at which these long term
experiments are located, 5 of the locations are on Vertisols or
associated Vertisols. These soils are considered to be high in

available K as well as in reserve K stock because of the
presence of K bearing minerals including biotite and
vermiculite so that application of K fertilizers has not
generally been considered necessary. There is now much
evidence, however, at least on some of these soils, that the
rate of release of K is unable to meet the demands of the crop
so that yields are impaired especially when other nutrients
are present in adequate amounts. For example, a negative
balance of 56-163 kg K ha  yr  in an eight years old rice-
wheat system was reported by Singh et al. (2002a).
Similarly, in a soybean-wheat cropping system, an annual
negative K balance of as high as 66-107 kg K ha  yr  was
recorded by Singh et al. (2002b). Crop responses to K
fertilization on a Vertisol have also been found by Singh and
Wanjari (2012), a finding in accord with the report of  a long
term study in Vertisols cited by Khan et al. (2013), indicating
a sharp decline in available soil K as measured by
ammonium acetate extraction.

The present paper further investigates K balance in crop
production and the response of different crops to potassium
growing in Vertisols using results emanating from the long-
term fertilizer experiments in India.

The five locations of the Vertisols or associated Vertisols
centres from which data were collected were: Akola
(Sorghum-wheat), Jabalpur (Soybean-wheat), Junagarh
(Groundnut-wheat), Raipur (Rice-wheat) and Parbhani
(Soybean-safflower). Details of cropping system, and soil
type and state and locations of experiments are described in
Table 1.

Amount of nutrients applied were based on
recommended dose of each nutrients based on soil analysis.
The methods used for determination of available nitrogen
(N), phosphorus (P) and potassium (K) followed were
KMnO  oxidizable N, Olsen's P and Ammonium Acetate
extractable K, respectively.

The 100% doses N, P and K for each crop grown at
different locations are given in Table 2. In one of the
treatments, farmyard manure (FYM) was applied once in a
year during the rainy season over and above 100% NPK.
Each year, the amount of nutrient applied was same in same
experimental field for the respective treatments. During the
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rainy season (June to September) crops were sown with the
onset of monsoon but irrigated in the event of an early
withdrawal of monsoon or in the case of a prolonged dry
period between two events of rain. The second crop
(November-April), however, was grown exclusively under
irrigation.  On all five selected sites in  the study the soils
were alkaline and non-saline and developed on basaltic

parent material. The initial available N, P and K status of the
soils is given in Table 3. The intercultural operations like
weeding, insect and pest control measures were followed as
required. Crops were harvested at maturity and grain and
straw samples were analyzed for K concentration to
determine uptake and balance. Grain yields were reported at
11% moisture content in the grain.

Table -1 : Nutrient rates used under various cropping systems at different centres of LTFE

(Source: Swarup and Wanjari, 2000; Singh and Wanjari,  2009); FYM= Farm yard manure ; * Maize fodder discontinued in 1994.(1)

Location, Soil Type Crop Fertilizer rates at 100% NPK based on
soil test (kg ha-1)

FYM added(1)

(mt ha-1)
N P K

Madhya Pradesh Jabalpur, (1972) Typic
Chromustert

Soybean 20 35 17 15
Wheat 120 35 33 -
Maize Fodder* 40 30 17 -

Maharastra Akola (1986), Typic Haplustert Sorghum 100 50 40 10
Wheat 120 26 50 -

Gujrat Junagarh (1996), Vertic Ustochrept Groundnut 25 22 0 5
Wheat 120 26 50 -

Chattishgarh Raipur (1996), Typic Haplustert Rice 100 26 33 5
Wheat 100 26 33 -

Maharastra Parbhani (2006), Typic Haplustert Soybean 30 26 25 10
Safflower 60 18 0 -

Results and Discussion
Soil Nutrient Status

Nitrogen

Phosphorus

Potassium
Soils on all the five sites selected were low in available

N at the time of inception of the experiment (Table 2).
Application of 100% NPK resulted in little increase in
available status of N, possibly because of increase in soil
organic carbon.

Soils of Akola, Junagarh and Jabalpur were low in initial

P-status (available P) (Table 2). Continuous use of 100%
recommended dose of NPK enhanced this value at all the
sites whereas in the absence of P in the fertilizer schedule the
value declined.

Potassium status data revealed that absence of K supply
resulted in a decline in available K in all the five soils except
at Parbhani. Application of potassium as per recommended
dose maintained its status in soils at Akola and Parbhani
only, may be because less number of year while at other
centres decline in available K was recorded.

Table-2 : Initial and current status (0-15 cm) of available N, P, and K (kg ha ) at different locations of long term
fertilizer experiments

-1

Note : * Control means growing of crop without fertilizer and manure Dhyan Singh et al. (1999). (Source: Singh and Wanjari, 2009);
Bulk density of surface soil (0-15 cm) was used to calculate nutrient status in kg ha-1 in each soil

(1)

Location Available N Available P Available K
(Year of start) Initial Control * NPK Initial Control NPK Initial Control NPK

-----------------------------------kg ha-1-----------------------------------
Madhya Pradesh,
Jabalpur (1972)

193 192 263 7.6 9.0 29 370 175 266

Maharashtra, Akola
(1986)

120 170 273 8.4 12 29 358 228 386

Gujarat, Junagarh (1996) 183 203 204 7.6 7.9 24 290 187 210
Chhattisgarh, Raipur
(2006)

236 218 241 16.0 11.0 25 474 448 428

Maharashtra, Parbhani
(2006)

216 194 223 16.0 15.7 18 766 745 792

Critical range(1) N = 80-560 P2O = 11-25 K2O = 121-280
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Crop Productivity

Yield data (since inception to 2013) clearly
demonstrated that application of N and P resulted in increase
in productivity irrespective of site (Table 3). However,
response to K application (NPK treatment) was recorded
only at Jabalpur and Akola. A slight increase in yield was
recorded but was non-significant at Junagarh, Raipur and
Parbhani. Crops did not show any response to applied K at
Junagarh and Raipur even though soils of Junagarh were low

in K status. At Junagarh, irrigation water contains 6 ppm Na
which perhaps is responsible for a lack of response to K
since a number of crops can utilize Na in place of K to
varying extent (Marschner 2012). At Raipur, however, soil K
is sufficient to meet the K requirement of crops. At the rate at
which availability of K is declining, in the future K could
become a limiting nutrient (Table 6). The larger yields with
150% NPK and NPK+FYM at some of the sites were due to
application of organic matter and larger amounts of
nutrients.

Table- 3: Average crop yield (kg ha ) in Vertisols at different locations of AICRP-LTFE in India-1

Location state and place (years) Crops Control N NP NPK 150%
NPK

NPK+
FYM

CD ( p=5 %)

-----------------------------kg ha-1-------------------
Madhya Pradesh, Jabalpur (41) Soybean 829 1,036 1,656 1,829 1,849 2,025 150

Wheat 1,264 1,691 4,104 4,495 4,808 4,932 284
MaharastraAkola (26) Sorghum 282 1,981 2,701 3,382 4,243 4,291 354

Wheat 143 932 1,323 2,006 2,495 2,568 241
Gujarat, Junagarh (16) Groundnut 693 705 742 850 899 952 130

Wheat 1,785 1,827 2,458 2,603 2,699 3,168 257
Chhattisgarh, Raipur (6) Rice 2381 3,722 5,065 5,128 5,610 5,474 356

Wheat 1,056 1,536 2,272 2,278 2,622 2,497 287
Maharashtra, Parbhani (6) Soybean 1,382 1,526 2,246 2,368 2,639 2,642 198

Safflower 1,111 1,248 1,659 1,685 1,844 1,871 183

Data on agronomic efficiency presented in Table 4
indicates that application of one kg K resulted in increase of
grain yield, varied from 10.2 kg to 17.0 kg. The response of
crop to applied K depends on level of K in soil and
productivity level.  Continuous growing of crops without K
application declined available K status from 370 to 223 kg
K O ha  at Jabalpur and at Akola available K status dropped
from 358 to 255 kg K O in NP treatment, which is far less
than the even old thresh-hold level of K and therefore K
response is expected and would like to increase in future.

The response of the crops to K with time has been calculated
and presented in fig. 1a and 1b for Jabalpur and Akola,
respectively. Perusal of data presented in fig. 1a indicates a
gradual increase in response to K with time since inception
of the experiment at Jabalpur. In wheat the magnitude of
response to K was larger than the soybean. At Akola, both

sorghum and wheat showed response to K and very high
response was seen in recent years (Fig. 1b). This appears to
be due to decline in available K status particularly in NP
treatment. Though, slight improvement in yields on
application of K at other centres was also recorded but it was
not statistically significant.  In spite of high estimates of K
the response of crop to applied K could be due to increase in
estimates of availability of K on drying soil. In fact, in actual
moist condition probably K status is less than required as
reported by Khan et al. ( 2013). On reviewing the results of
large number of studies carried out across the countries
revealed that on drying ammonium acetate extractable K in
soil increases tremendously (~ 2 to 3 folds) compared to
moist soil. It could be a possible reason for crop response to
applied K. In fact during moist condition the available status
of K is very low whereas fertilizer recommendations are
made on the basis of estimates of K analyzed in dry soil.

2

2

-1

Table- 4: Agronomic efficiency (kg grain/ kg K) of
applied K in Jabalpur and Akola

Fig. 1 (a) Response to K in Vertisols at Jabalpur (MP,
India) with tme

Potassium Response

Location  Crop K application Yield Agronomic
(years) increase efficiency

for K (AEK)
kg K ha kg ha kg kg-1 -1 -1

Jabalpur (41) Soybean 17 173 10.2
Wheat 33 391 11.8

Akola (26) Sorghum 40 681 17.0
Wheat 50 683 13.7

National Conference on Soil Health: A Key to Unlock and Sustain Production Potential

135JNKVV, Jabalpur (M.P.)



Fig. 1 (b) Response to K in Vertisols at Akola
(Maharashtra, India) with time

Table -5: Scenario of potassium balance (After 40 years)
in soybean-wheat system at Jabalpur (MP, India)

Table 6. Change in soil available K at different LTFE
locations (kg ha-1 yr )

Fig. 2. Potassium response in Vertisols at Jabalpur and
Akola (MP and Maharashtra, India)

Potassium Balance in Jabalpur

Rate of Decline in Available K

Critical limit of K in Vertisols

Conclusions

On the basis of input (fertilizers added) and output of K
(removal in harvested crop parts) an apparent balance was
calculated on the soybean-wheat system at Jabalpur (Table
5) which showed a negative balance of K of -72 to 206 kg K
ha  yr .  This negative balance in spite of application of K
can be accounted for by the larger uptake of K than that
applied and this is probably responsible for the crop
response to applied K. In agreement with these findings a
negative balance of K of 66 - 107 kg ha  yr  in soybean
system grown for 8 years on Vertisols of Bhopal was
reported by Singh et al. (2002b).

Includes K added through FYM (K=0.65%)

Soil samples (0-15 cm) collected after completion of
each cropping cycle were analyzed for available K. Table 6
illustrates the average annual rate of change (negative or
positive) of available K in the soil. Irrespective of treatments,
change in available K status in the control treatment was
negative at all the sites. Moreover, in all locations, except
Parbhani, the data further revealed that application of N and
NP in the absence of K resulted in a decline in K at a higher
rate compared to the control and the treatment receiving K.
In Jabalpur and Raipur, removal of K was so large that even
at the highest levels of added K, K depletion occurred. Yet in
Akola and Junagarh, the application of K minimized the

negative K balance, and at high K application even caused an
increase in available K in soil.

To determine the critical limits of available K status for
Vertisols of Jabalpur and Akola, K response trials were
conducted at farmers' fields varying in available K status and
the grain yield at a level of soil K beyond which increase in
yield was not noted, was considered as Bray's yields and the
relative yields were calculated for all field trials. The relative
Bray's yields were plotted against soil K status. These
experiments indicated that ~330 kg K O ha  (154 ppm) as
critical limit which is greater than 280 kg K O (132 ppm)
being used for recommendation of K in India. Thus, this
study clearly demonstrated that there is urgent need to revise
the threshold value of K for Vertisols.

From the present study on Vertisols at 5 experimental
sites in a long term fertilizer experiment it can be concluded
that there is evidence on some of the soils of a continuous
decline in available K status in the absence of K in fertilizer
application. After a few years without K supply crops began
to show response to applied K. The threshold K value used in
India in recommending K application below which crop
starts showing response indicate a value of ~330 kg K O ha
rather than the 280 kg K O ha  which is currently being used.

-1 -1

-1 -1

(1)

-1

-1

-1

-1

NC- No Change

2

2

2

2

Treatments Total K Total K Apparent Apparent
added uptake K balance K balance
----------- K kg ha --------------- K kg ha  yr

Control 0 2,889 -2,889 -72
100% N 0 3,924 -3,924 -98
100% NP 0 8,668 -8,668 -217
100% NPK 2,374 9,760 -7,386 -189
150% NPK 3,374 11,633 -8,259 -206
100% NPK 6,294 13,676 -6,552 -184
+ FYM

-1 -1 -1

(1)

Location
(years)

Control N NP NPK 150%
NPK

NPK+
FYM

---------------------- kg ha-1 yr-1-------------------
Jabalpur (41) -2.3 - 2.1 - 3.6 - 2.7 - 1.9 - 1.4
Akola (26) -1.7 - 5.0 - 4.2 + 0.9 + 2.6 + 3.4
Junagarh (16) -5.8 -6.8 -6.2 -4.5 -2.4 +1.0
Raipur (6) -3.3 - 6.8 - 9.7 - 5.0 - 1.3 - 3.1
Parbhani (6) 3.5 NC NC +4.3 +7.3 +9.1
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There is thus need to conduct further response studies in the
field to assess the threshold level of K for Vertisols.
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The old Madhya Pradesh comprises the Mahakoshal unit of
the former central provinces, the whole of the former states
of Vindhya Pradesh and Bhopal, the whole of Madhya
Bharat state excluding sand enclave of Mandsour and Sironj
Sub-division of Kota district of Rajasthan. Different tracts
had been cultivating their local wheat varieties. Wheat was a
mixture of different land races before the commencement of
improvement work in Madhya Pradesh viz. Sharbati, Dara,
Safed Pissi, Sukherhai, Chandausi in the aestivum group.

The research work on wheat was started at Powarkheda
in 1903 by Sir Geofrey Evans, then Deputy Director
Agriculture. In 1940-41, it was realized that black rust was
badly affecting wheat cultivation and wheat breeding
scheme was sanctioned by the Govt. of Central Province
with a research station at Powarkheda on 06.06.1941.
Systematic work was initiated by Dr. Ekbote in 1941
through introduction, hybridization and assessment of
existing wheat material.

Looking to importance of the center the wheat project
was further strengthened by ICAR on 01.04.1971 with the
post of Breeder, Agronomist Pathologist, and Physiologist
etc.The other wheat research centers like Wheat
Improvement project, JNKVV, Jabalpur, Gwalior and
RARS, Sagar also started working jointly to solve the
problems of wheat in state and development of varieties. Till
date 50wheat varieties has beed developed for various
growing situation in Madhya Pradesh.

India Harvested record wheat production fifth time in a
row and during 2013-14, it is expected to have record
production of 95.85 million ton from 31.34 million ha area
(third advance estimate). Similarly

Madhya Pradesh has registered a growth rate of 24.99%
in agriculture sector during 2013-14, whereas the share of
wheat production is 18%. The area under wheat in MP is
increasing gradually during last five years with minor
fluctuation ranging from 4.03 to 5.4 mha. On the other hand
there was linear increase in production from 6.7 mt to 16.1
mt, However the drastic increase in productivity has been
recorded i.e. 1740 kg (2008-09) to 3018 kg/ha (2012-13).

There is a pressing need to improve the water-use
efficiency of rain-fed and irrigated crop production.

Breeding crop varieties with higher water-use efficiency is
seen as providing part of the solution. Three key processes
can be exploited in breeding for high water-use efficiency:
(i) moving more of the available water through the crop
rather than it being wasted as evaporation from the soil
surface or drainage beyond the root zone or being left behind
in the root zone at harvest; (ii) acquiring more carbon
(biomass) in exchange for the water transpired by the crop,
i.e. improving crop transpiration efficiency; (iii) partitioning
more of the achieved biomass into the harvested product.
The relative importance of any one of these processes will
vary depending on how water availability varies during the
crop cycle. However, these three processes are not
independent.

Source: DE&S

Wheat Research for development of wheat varieties in
JNKVV at Jabalpur and ZARS Powarkheda is based on the
needs of farmers of state and Zones. As per the constraints
prevailing the varietal development in projects based on
following major points:

Development of water use efficient genotypes for
RF/Restricted irrigated condition
Development of high yielding genotypes suitable under
irrigated timely sown condition Development of
varieties tolerant to early and terminal heat under
irrigated and late sown condition
Development of product specific durum wheat

The efforts made on the above in the form of varietals
development release and notification is given as under:

Varieties Released

l

l

l

Low-Cost Cultivation and Water Use Efficient Wheat Varieties
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Water Use Efficient Genotypes for RF/Restricted Irrigated
Condition

The major challenge in Madhya Pradesh is to enhance
the wheat production by high yield potential coupled with
thermal tolerance and disease resistance in the wheat
varieties. The productivity is very low (1.6 tons) in
comparison to other state due to shortage of water, high
temperature and drought. The wheat crop cultivated under
optimal conditions of irrigation faces water scarcity and the
crop could not get the required 5-6 irrigation for realizing
higher yield potential. A major area under rainfed (70%)
indicated the possibilities of one or two irrigation (60-65%).
Thus the genotype which can give higher yield at low input
(reduced water with low dose of fertilizer), i.e. restricted
irrigation (1-2) and half dose of fertilizer are needed.

C-306 and Sujata continued to be the dominant varieties
in the Madhya Pradesh and prone to rust and lodging. The
newly released varieties like HI 1500, HW 2004andHI 1531
are tolerant to rust but has weaknesses to lodging due to its
tall plant and weaker stem and not responsive to irrigation
and fertilizers. There is an urgent need to evolve diverse
genotypes of wheat to improve productivity and water use
efficiency to enhance the wheat productivity per unit area
and thus wheat production in toto.

However, varieties developed by JNKVV during last
five years consist of following attributes:

Short duration, semi dwarf non lodging and non -
shattering
water use efficient genotype
Nutrient use efficient genotypes
Resistant to black and brown rusts and tolerance to
terminal heat
Resistance to Ug99
Coupled with highest vitamin A, micronutrients,
maximum flour recovery and better chapatti making
quality
Occupied considerable area and  popular among
farmers
Reached to the seed production missionaries and
farmers by efficient seed production by JNKVV

 Released by SVRC for Madhya Pradesh and
notified vide S.O. 449(E) Dated 11.02.2009.. It is a cross of
HI1011/WH 965-1, suitable for RF/RI. It is semi dwarf with
thick culm, high tiller and hard threshability thus resistance
to lodging and shattering. The Harvesting through combine
is not popular in central India and Lok 1 is only variety
having hard threshability. Being a semi dwarf and hard
threshability this variety is gaining popularity in rainfed and
restricted irrigated areas of MP. It has showed consistently
higher yield over Sujata, C306, HW 2004 and HI 1500.It has

recorded 23-25 & 38-42 q/ha yield under 1 and 2 irrigation
respectively while in rainfed condition gave 19-20q/ha.
Variety MP 3173 has higher degree of resistance against all
the three rust while black and brown rust are important in
central India. Grains are bold and lustrous, and getting
importance in market. The protein percentage is important
component in central India and this variety consist of 12%
protein with good appearance, hectoliter weight and
sedimentation value. It is already in seed production chain
and covered considerable area in MP.

 Released in 2008 by SVRC for Madhya Pradesh
and notified vide S.O. 211(E) Dated 29.01.2010.Parent are
SKAUZ/2/FCT.MP 3211 is  having high yield potential,
early maturing, tolerance to water stress and resistance to
black and brown rust, stiff culm, more number of grains per
ear and responsive to fertilizer and irrigation. Grains are
bold, lustrous having good chapatti making quality than the
dominating varieties Sujata and C306, thus gaining
popularity among the growers. The sujata and C 306 are the
tall ones and known for quality and appearance and has its
own reputation in the market but prone for rust and lodging.
Many newly released varieties like HI 1500, HW 2004 and
HI 1531 are tolerant to rust but has weaknesses to lodging
and not responsive to irrigation and fertilizer due to tall
nature. These weaknesses have been overcome by MP 3211
and spreading rapidly not only in MP but in other states also.

 Released in 2010 by SVRC for Madhya Pradesh
and notification is awaited. Suitable for partial irrigation. It's
a Selection from EGPSN-EC-1425319. It is extra early in
partially irrigated group and matures only in 110-115 days.
Other released varieties for partially irrigated condition are
at least ten days late in maturity as compared to MP 3269 and
this gives escape mechanism from the problem of water
scarcity during grain filling. However, it is suitable for late
sown restricted condition also. This variety is semi dwarf,
having bold grain, long ears and higher number grains per
ear with better ground coverage by foliage. It is responsive to
fertilize and irrigation and the attainable yield is 50q/ha with
two irrigations and getting popularity among the farmers.
This is resistance to both black and brown rust as well as well
as foliar diseases of wheat. It has high protein, good
appearance, hectoliter weight and high Glu-1 score.

 Released in 2010 by CVRC for Central Zone and
notified vide S.O. 2326(E) Dated 10.10.2011 for rainfed and
restricted irrigated areas. It is a cross between
DOVE/BUC/DL 788-2. Plant is semi dwarf non-lodging,
and profuse tillering, long tapering ear, leaves are droopy
and medium, shining and bold grain with rich in protein and
suitable for drought prone areas for Central Zone ensuring
food and nutritional Security. It has high yield under rainfed
(23.2 q/ha) and restricted irrigated(35.1 q/ha) over the years

l

l

l

l

l

l

l

l

MP 3173:

MP 3211:

MP 3269:

MP 3288:
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and locations under  testing, tolerant to high temperature and
low moisture stress, wide adaptation, resistance to rust and
other diseases. Good quality grain and good chapatti make it
more popular among the farmers. MP 3288 has shown a
superiority and stable yielding ability under restricted
irrigation, timely sown as compared to the checks C306, HD
4672, HI 1531and HI 1500 during course of testing, thus the
variety MP 3288 has very wide adoption in M.P., Gujarat,
Chhattisgarh and Rajasthan as it has always given higher
yield than both aestivum and durum checks and responsive
to irrigation and fertilizers. The stem rust resistance gene
pattern MP 3288 is entirely different than the other varieties
and thus, the differential gene deployment is beneficial for
protection from the black rust epidemic.

MP 3288 has mean highest protein content of 13.3%
during the evaluation period of 3 years, which is higher than
HI 1531 and LOK 1. Grain appearance and hectoliter weight
of MP 3288 is also comparable to the checks. MP 3288 has
high Glu-1 score of 7.0 than the other check varieties HW
2004 and HI 1531.

Wheat is a fertilizer responsive crop. Before green
revolution, tall varieties were grown, which were less
responsive to fertilizer and irrigation. Also, due to fear of
lodging, farmers were applying less nutrients but after green
revolution the fertilizer usage increased sharply, which also
increased the food production. Important sources of nutrient
use for wheat crop are:

 Single crop in a year and regular
application of farm Yard manures (FYM) by majority of the
farmers at the time of further added to less Nitrogen (N),
Phosphorus (P) and Potash (K) fertilizers during this
periods. Importance of short stature dwarf, fertilizer
responsive wheat varieties from Mexico led to green
revolution era set in. New agronomic package of practices
for wheat varieties was developed in which one on the major

recommendation was application of higher doses of
balanced NPK fertilizers. It has been observed that increase
in food grains production of India due to fertilizer has been
50-60 percent. Thus, in realization of high yield potential of
HYV's, fertilizer played a key role to make the India food
deficit to self sufficiency and insure food security.

In general, the MP soil is low in N, low to medium P,
whereas, K deficiency is not so wide spread. The
recommended doses are of general nature. Adjustment of
doses of fertilizers for different soil fertility classes should
be done on soil test basis. The recommendation for central
zone of major nutrient and varieties are given in table.

The results of the trials conducted under All India
Coordinated Wheat Improvement Project indicate that the
present day varieties are responsive to up to 180 kg N per
hectare. However the optimum nitrogen requirement of the
present varieties is 150 N per hectare. For yield
maximization 150,60 and 40 kg N PK per hectare in
combination of Zn and FYM is required in many zones.

 Generally appears under light
soils and intensive cropping system especially in rice wheat
cropping system.

 The symptoms appear on middle
leaves as interveinal chlorosis with light grayish yellow to
pinkish brown or buff color red specks of variable sizes
confined largely to 2/3 lower portion of the leaves Later the
specks coalesce forming a streak or band underneath the
veins which remain green. At earing stage, the symptoms
become predominant on flag leaf. Spray 0.5% MnSO  in 200
liters of water) two to four days before first irrigation and 2-3
sprays afterwards at weekly intervals.

 Sandy soils are most prone to this
deficiency. It is more severe when winter rains continue for

Recently Released Wheat Varieties

Nutrient Managements

Chemical Fertilizers:

Micronutrient deficiency:

Manganese deficiency:

Sulphur deficiency:

4

Sowing
condition

Varieties
Recommended

Fertilizer dose
and application
time

Irrigated
timely

GW 322, GW 273,
GW 366, JW 1201,
JW 1215, JW 1142, HI
1544, HI 8498, MPO
1106

120-60-40 NPK
kg/ha(1/3 N at
sowing , 1/3 at first
irrigation and 1/3
at second
irrigation)

Irrigated late MP 4010, MP
3336,HD 2864, HD
2932, RAJ 4238, JW
1202, JW 1203

90-60-40 NPK
kg/ha (1/2 N at
sowing , 1/2 at first
irrigation)

Rain fed JW 3020, JW 3173,
Sujata, C 306, JW
3288, HI 1500

40-20-10 NPK kg
as basal application

Restricted
irrigation

JW 3020, JW 3173,
JW 3211, JW 3269,
JW 3288, HI 1531

60-30-15 NPK kg
as basal application
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long time in the early growth period. The symptoms first
appear on the younger leaves with fading of the normal green
colour. This is followed by chlorosis resulting in chlorotic
stripping between the veins, stunted growth of the plants,
delayed maturity and fewer tillers.

The situation can be avoided by using sulphur
containing fertilizers like ammonium sulphate and single
super phosphate.

 Boron deficiency occurs in alkaline
calcareous soils and acid leached sandy soils. In India it is
generally found in certain pockets of north eastern plains.
The deficiency symptoms are chlorotic patches on the
middle leaves of 3 week old plants which later on become
pronounced and develop bright orange coloration. The
inflorescence is improperly developed zigzag axis, short
swans, apical part discolored and thus grain formation is
poor Occurrence of completely sterile spikes is also
reported.

To ameliorate as the situation borax @ 10-15 kg/ha
should be applied in the soil by broadcast. Foliar application
of "B" (Solubor 0.2-0.5%) is preferred if deficiency occurs
during the growth season for which multiple sprays are
needed for complete recovery.

 Water is a key driver of sustainability.
Wheat production in many parts of the country is seriously
limited by lack of water, and water supplies for agriculture
are also dwindling. Ultimately, this threatens the
sustainability of agriculture in these regions, and

furthermore agricultural water use has major impacts on the
rest of the ecosystem. In areas where irrigation is used, there
is an urgent need to increase the efficiency of supply and
make much better use of the water applied.

Four to six irrigations depending on soil and climatic
conditions according to following schedule:
Four irrigations: At crown root initiation (CRI), tiller
completion, boot and milk stages.
Five irrigations: At CRI, tiller completion, late jointing,
flowering and milk stages.
Six irrigations: At CRI, tiller completion, late jointing,
flowering, milk and dough stages.

Following is the schedule under limited water
availability but when only one or two irrigations are
available, use of rainfed varieties is more beneficial under
most situations.

One irrigation: In between CRI and tiller completion
stages.
Two irrigations: At CRI and boot stages.
Three irrigations: At CRI, boot and milk stages.

In addition to above the studies is needed in areas like
elucidating the detailed nutrient and moisture utilization
pattern of wheat varieties under different agro-climatic
situations for the development of water and nutrient use
genotypes based agro- techniques.

Boron deficiency:

Irrigation Schedule:

Under Optimum Water Availability

Under Limited Water Availability

l
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The capacity of soil to function within specific ecosystem
limits to sustain biological productivity, maintain
environmental quality and encourage plant and animal
health (Doran and Parkin, 1996). Healthy soil has ability to
maintain life processes through nutrient supply, retention of
adequate moisture and soil properties, support soil food
webs, salvage nutrients, preserve microbial diversity,
remediate pollutants and confiscate heavy metals.
Nematodes are non segmented worms, typically, 50 µm in
diameter and 1 mm or even less in length. An incredible
variety of nematodes function at several tropic levels of the
soil food web. The combination of nematode feeding groups
and c-p-scaling into functional guilds (Bonger and
Bonger,1998) has developed nematode faunal analysis into a
more powerful tool which can be used as a bio-indicator of
soil health and food web condition (Ferris et al.2001). Ferris
et al. (2001) used functional guilds to compute an
enrichment index (EI), and a structure index (SI). The EI is
based on the expected responsiveness of the opportunistic
guilds (bacterivores with c-p = 1 or Ba1) to food resource
enrichment. Thus, EI describes whether a soil ecosystem is
nutrient enriched (high EI) or depleted (low EI). The SI
represents an aggregation of functional guilds with c-p
values ranging from 3-5. Structure index describes whether
a soil ecosystem is structured/matured or disturbed/
degraded. In addition, Ferris et al. (2001) proposed a channel
index (CI), which is the percentage of fungivores among the
total of fungivores and opportunistic bacterivores to
describe the dominant decomposition channels in a food
web. Such analyses provide slightly different information
than analyses based on biomass, diversity, and plant-
parasitic species, and take into consideration both
descriptive and quantitative information on soil ecosystems
(Bonger, 1990; Ferris and Matute, 2003).

Soil is an integrated component of dynamic terrestrial
eco-system encompasses of minerals, organic matter, water
and air. Soil organisms play beneficial and harmful roles in
soil eco-systems of which nematodes also form an important
part and are well known species as an important useful
macro-fauna and devastating parasites of humans, domestic
animals and plants.

Soil nematodes integrate the biological, chemical and

physical soil properties. Analysis of the nematode
community structure may be affected by soil management
practices and therefore indicate sustainability of land use.
Soil dwelling nematodes are well suited to the role of bio-
indicators for soil health, being numerous and diverse with a
wide range of trophic survival specialisms and acting as
integrators of soil properties. Nematodes are one of the most
abundant groups of soil invertebrates (Fu et al., 2000),
representing a central position in the soil food web. Among
soil fauna, nematodes possess many characteristics that
make them ideal as bioindicators for soil health assessment
(Bongers, 1990). Since they live in the soil pore water, they
are assumed to be exposed to the contaminant concentration
in the solution, which offers good perspectives for assessing
the effects of contaminants (Bongers and Ferris, 1999).
Their fauna composition, together with its ecological
indices, has emerged as a useful monitor of environmental
conditions and soil ecosystem function (Neher, 2001). The
effects of heavy metals on soil nematode communities have
been studied in recent years in an agro-ecosystem treated
with sewage sludge (Georgieva et al., 2002), in an
agricultural field. Nematodes took part in mineralizing, or
releasing nutrients to plant in available forms. Feed bacteria
or fungi, released ammonium (NH ) ions. At low nematode
densities, bacterivores stimulates the growth rate of prey
populations and improve bacterial growth. At higher
densities, nematodes reduce the population of their prey,
decrease plant productivity, may negatively impact
mycorrhizal fungi, and reduce decomposition and
immobilization rates. Predatory nematodes regulate
populations of bacterivores and fungivore, thus preventing
over-grazing.

Nematodes help distribution of bacteria and fungi
through the soil and along roots by carrying live and dormant
microbes on their surfaces and in their digestive systems and
result enhance predators and predatory nematodes, soil
micro-arthropods, and soil insects. They are also parasitized
by bacteria and fungi. Bacteria, fungi, algae, actinomycetes,
nematodes and micro-arthopods are total microbial activity.
Beneficial organism's viz. mycorrhiza, nitrogen fixing
bacteria, earthworms, bio-control agents, decomposers of
organic matters has great impact on soil health. Plant pests,
pathogens, parasites, insects and animals are heterotrophs
and they directly or indirectly involved in disturbance of the
soil heath under defined eco-agro-systems. Some

Nematodes Do?
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nematodes cause disease. Others consume disease-causing
organisms, such as root-feeding nematodes, or prevent their
access to roots. These may be potential biocontrol agents.

Free living and fresh water nematodes are divided in to
five tropics based on their diet. Bacterial-feeders consume
bacteria. Elaphonema, has ornate lip structures that
distinguish it from other nematodes. Bacterial-feeders
release plant-available nitrogen when they consume
bacteria. Fungal feed by puncturing cell was of fungi and
sucking out the internal contents. Nematodes have small,
narrow stylets, or spears, in their stoma which they use to
puncture the cell walls of fungal hyphae and withdraw the
cell fluid. This interaction releases plant-available nitrogen
from fungal biomass. Predatory nematodes consume all
forms of nematodes and protozoa. Some of them even in gulf
smaller organisms as whole, or attach themselves of
nematodes and cuticle of larger nematodes, scrapping away
until the prey's internal body contents are extracted.
Omnivores eat variety of organisms or may have a different
diet at each life stage. Root-feeders are plant parasites, and
thus are not free living in soil. Elevated population of
beneficial free living nematodes and widespread nematode
faunal analysis in soil ecosystem for the protection of
damage caused by plant parasitic nematodes ultimately
leads to improvements in plant health. Biological diversity,
community stability, ability to maintain the integrity of
nutrient cycling and energy flow, suppression of multiple
pests and pathogens and improved plant health lead to soil
health improvement.

Plant parasitic nematode seems to major challenge for
farmers. The diversity of genera and species associated with
cultivated plants are directly correlated with soil factors
stronger in wet than dry years, their number at threshold
levels in lighter soils, except loamy sands. Root-feeding
nematodes use their stylets to puncture the thick cell wall of
plant root cells and siphon off the internal contents of the
plant cell. This usually causes economically significant
damage to crops. The curved stylet seen inside this nematode
is characteristic of the genus Trichodorus. Studies on
correlation of total nematodes and non-stylet nematodes
revealed an interesting observation for their survival
reproduction and movement in contrast to soil factors.

Soil type has its affect on nematode movement along
with nutrition and water supply to the host. Consequently,
edaphic factors may directly affect their distribution and
population dynamics pH 4.5 favours most of migratory plant
parasitic nematodes in loamy textural   (58 Sand : 32 silt : 10
clay).  Nematodes, Meloidogyne, Heterodera and
Hemicycliophora prefer sandy loam textural at pH 5.3 where
sand, silt, clay is 80, 6 and 14 respectively. Species of

Pratylenchus, Hirschmanniella, Tylenchus and  abundant in
sand textural with a pH 4.9 to 6 in presence of sand, silt and
clay ratio to the tune of 86-95, 4-5 and 10 respectively.
However, most of the sedentary plant parasitic nematodes
remained in loamy sand textural as 76 sand : 10 silt : 4 clay at
pH 5.3.

According to Bardgett and Griffiths (1997), the
microbial consumption of nematodes are   Organic matter
input (5% to 8 %), Standing bacterial population (5-25%),
Contribution to total net N mineralization (4-22%), The
ecological growth efficiency (10%)

Soil temperatures have great influence on nematodes
development. Optimum temperature favours development
of nematode, non-lethal low and high temperature inhibit
nematode activity and lethal low and high temperature affect
reproduction, development and hatching of nematode eggs.
Nematodes readily respond to changes as well as enrichment
of their environment. Increased microbial activity in soil
leads to change in the proportion bacterivores. Soil moisture
level below 20% saturation were limiting factor of
nematodes except Dorylaimus. Nematode, Trichodorus spp
predominant in high sand (70%) soils content. Pratylenchus
thornei and P. scrineri are widely distributed nematode and
never restricted by climate, soil characteristics, or host crop
preference. Ditylenchus dipsaci spreads by plating (garlic
cloves) materials, a good example of agricultural and
cultural practices as primary determinants of nematode
distribution. Both Aphelenchoides fragariae and A.
ritzemabosi reflects the movement of infested prerogative
plant materials especially ornamental hosts and their
infection depends on moisture conditions of the soil. Citrus
nematode, Tylenchulus semipenetrans   a warm, temperate
and subtropical widely distributed and confined to citrus,
olive, persimmons, grapes and several ornamentals in all soil
texture (sand to sandy soils and clay loams to clay). But
medium textured soils favour T. semipenetrans.  Root knot
nematode widely distributed being polyphagous in nature
and show some regional preference with different species.
Predominance of Meloidogyne hapla is in the temperate
regions, whereas, M. incognita, M. arenaria and M. javanica
remained confined to subtropical and tropical than
temperate. Therefore, effect of soil types on population
densities of plant parasitic nematode is the debatable issue.
Mixture of dark-coloured silt clay loam harbored high
density of Helicotylenchus psuedorobustus than
Tylenchorhynchus acutus, whereas light coloured silt loam
favoured Paratylenchus projectus and Xiphinema
americanum in all soils, regardless of soil type.

Soil inhabiting nematodes need an aerobic, aquatic
milieu for their activities, and moisture content of the soil.

Soil Environment and Nematodes

Nematodes and Water Quality
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Nematode does require space and must have some influence
the quality soil water and soil air. Being an aquatic animal,
they are with an integral and selective preferable to water,
ions and molecules. Nematodes are useful indicators of soil
quality and tremendous diversity. Nematode participated in
many functions at different levels of the soil food web.
Researchers attempted approaches to assessing the status of
soil quality by counting the number of nematodes in
different families or trophic groups in past. In addition to
their diversity, they may be useful indicators due to their
populations are relatively stable in response to changes in
moisture and temperature , yet nematode populations
respond to land management changes in predictable ways.
Because they are quite small and live in water films, changes
in nematode populations reflect changes in soil
microenvironments.
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Madhya Pradesh at A Glance

Beckground of Micronutrients Research

Delination of micro and secondary nutrient deficiencies in
soils and plants

Status of Micronutrient in different soil of Madhya
Pradesh -

The state of Madhya Pradesh is situated between 21 .01'
to 26 .52' N latitude and 74 .20' E to 80 .81'E longitude and
occupies an area of 30.756 mha. It covers 9.35 per cent area
of the country (328.73 mha) distinguishing it as the second
largest state of the country after Rajasthan. The growth rate
of the population in the state (24.36%) is higher then the
national population growth rate of 21.5%. The arable area of
the state is 15.26 mha and net sown area is 15.074 mha. Out
of this only 4.636 mha is under double cropping and 37.0%
(6.54 mha) is irrigated. The population of the state is
6,03,85,118 which lives in 55,393 villages, 272 tehsils and
313 blocks and 50 districts spread over 3,08,000 sq
kilometer geographical area of the state.

Micronutrients play important roles in maintaining
optimal crop production and livestock health and nutrition.
The scientific community particularly Soil scientists,
Agronomists and Plant Physiologists, therefore, have more
concern with the study of these essential plant nutrients.
Introduction of high yielding varieties and use of high
analysis fertilizers under intensive cultivation practices and
the seeding of high yielding varieties has resulted in
depletion of essential plant nutrients from the soils.

Soil samples collected from every nook and corner of
the state under delineation of the deficiencies of micro and
secondary nutrient programme have shown deficiencies of
Zn, Fe and S. Amongst micro and secondary nutrients, Zn,
Fe, S and B are assuming greater significance on account of
positive responses to their application in the production of
many crops on deficient soils. Intensive cropping systems
where high exhaustion of the native nutrients is at maximum
have further aggravated the emergence of multi
micronutrient deficiencies in many soils and plants. Use of
high analysis fertilizers (free from micronutrients) and
avoiding use of organic manure and recycling of crop
residues have further worsened the situation. The All India
Coordinated Research Project on Micronutrients in soils and
plants with a number of coordinating units including
JNKVV, Jabalpur, was started on April 1,1967 in order to
judge the disorders created due to micronutrient deficiencies
which were found obstacle in getting higher yields.   In the
Micronutrient project the work is being carried on the
following aspects:

1. To delineate micro and secondary nutrients
deficient/toxic areas by soil and plant analysis as well as
by response studies under field and green house
conditions.

2. To standardize and develop soil test and establish their
critical levels for deficiency and toxicity to MSN for
different soils and crops.

3. To develop techniques for increasing FUE including
organic manure, sewage sludge in ameliorating the
MSN deficiencies in crops and soils.

Soil is the reservoir for the supply of all the essential
micro and secondary nutrients required for the normal
growth of crops. This reservoir is being depleted
continuously and has been under stress since the cultivation
of high yielding varieties coupled with intensive cropping,
use of high analysis fertilizers and restricted recycling of
crop residues/ animal manures etc. As a consequence of this,
the level of available micronutrients in the soil has been
declined and the deficiencies of micronutrients particularly
of Zn, Mn, and Fe have become a major constraint in crop
production. The information about the extent of
micronutrient deficient areas is very vital to help the
scientists, administrators, farmers and the fertilizer industry
to plan strategies regarding the amount and kind of
micronutrient fertilizer to be manufactured and supplied to
the needed regions of the state. In view of this, the
delineation of micronutrient deficient areas remains one of
the prime objectives of the All India Coordinated Scheme of
Micronutrients in Soils and Plants initiated by the Indian
Council of Agricultural Research, New Delhi in the year
1967.

Madhya Pradesh comprise of different type of soil like
alluvial soils, mixed red and black soils, shallow and
medium black soils and deep and medium black soils.

Alluvial soils were tested more deficient (86.4%) in
DTPA extractable Zn. The nutrient index for the soils was
also low (1.18) for these soils followed by deep and medium
black soils (73.4%). Out of 1192 soil samples only 40.7 %
samples were tested low in Zn in Shallow and Medium Black
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B.L. Sharma*, P.S. Kulhare, G.D. Sharma and G.S. Tagore
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soils. Very few samples (1.14%) were tested low in Cu
content in soil in deep and medium black soils. The nutrient
index value of these soils indicates that almost all the soils
are sufficient in Cu content. Alluvial soils are more deficient
(15.5%) in Fe content followed by deep and medium black
soils (11.1%). Alluvial soils showed deficiency in 4.1 per
cent soil samples tested. In general Mn is tested to be
adequate in soils of M.P. Only alluvial soil (19.2%) and deep
and medium black soils (24.2%) were tested low in Hot
water soluble B. None of the soil was tested low in Mo.

  In Madhya Pradesh Over all deficiency of zinc was
observed in71%  of soil samples analyzed. The deficiency of
Fe and Mn was in 7.0 and 2.4% soil samples respectively
whereas soils were sufficient in Cu, Boron and Mo.

Accurate diagnosis is the first step for precise
monitoring and efficient correction of micro and secondary
nutrients disorders in plants and soils. A timely appraisal of
micronutrient deficiencies is of great significance because it
alone would help in taking prompt corrective measures for
obtaining best crop yields.

The critical limits of  micronutrients in soils and plants
showed wide variability. The variations are linked with

differential sensitivity of crops to micronutrient stress. Even
for the same crop. Critical limits established on widely
diverse soils in different years (seasons) were not uniform.
This was expected since soil factos are known to modify
micronutrient availability.

Zinc deficiency could be predicted by soil and plant
analysis. By and large if the soil is analysed below 0.6 ppm
DTPA Zn, response to applied Zn is expected. The DTPA
soil test for Zn proved better than other extractants for
predicting available Zn status of soils. Ammonium
bicarbonate DTPA extractant was also equally good for
predicting availability of Zn in soil. This extractant can also
be used for extracting some major nutrients . Critical limit of
DTPA Zn in different soil types ranged from 0.43 to 0.80 mg
kg  for wheat and 0.45 to 0.64 mg kg  for rice . The critical
values of 4.8 and 6.0 mg kg  of DTPA extractable Fe were
established for gram and sorghum respectively. The critical
levels of DTPA extractable Mn were found to be 4.7, 5.7 8.0
mg kg  for wheat, rice and soybean respectively. In alluvial
soils of Gwalior district a critical limit of 3.4 mg kg  0.1 N
HCl extractable Cu for wheat was established. For pearl
millet and Mustard critical limit of Cu in alluvial soils of
Morena was established as 0.31 and 0.27 mg kg
respectively.

Fertilizer response trials are the most important tools to
monitor the nutrient deficiencies in soil and plants as these
confirm their actual state in the soils and the benefits accrued
from fertilization of crops on such soils with a view to
demonstrate the magnitude of deficiency or response of crop
to micronutrients several screen house and field experiments
were conducted to study response of crops to some
micronutrients and the results obtained are summarized
below.

Fig. 1 : Zn deficiency in different soil types of M.P.

Fig. 2 : Fe deficiency in different soil types of M.P.

Table 1: Response of different cropping sequence to Zn
& Organic manure in medium black soil of Jabalpur.

Diagnosis of micro and secondary nutrient deficiencies in
soils and plants

Soil and Plant Tests and Critical Values

Response of crops to micronutrient

-1 -1

-1

-1

-1

-1

* Yield increase over control

Crop
(FLDs)

Nutrient Yield
t ha-1

Yield
*

%
incre
ase

B:C
ratio

Range Mean
Soybean
(4)

Control 1.5-1.98 1.77 - - 1.99
Zn5 FYM200 1.96-2.54 2.315 545 30.79 2.51
Zn5 1.88-2.48 2.26 490 27.68 2.46

Wheat
(4)

Control 3.34-5.16 4.485 - -
Zn5 FYM200 4.3-6.45 5.605 1120 24.97
Zn5 4.17-6.3 5.48 995 22.19

Rice
(5)

Control 2.88-4.31 3.846 - - 2.06
Zn2.5 FYM200 3.4-4.94 4.534 688 17.89 2.36
Zn5 FYM200 3.72-5.52 4.97 1124 29.23 2.57
Zn5 3.64-5.33 4.822 947 25.38 2.49

Wheat
(5)

Control 2.91-4.83 4.32 - -
Zn2.5 FYM200 3.36-5.69 4.886 566 13.10
Zn5 FYM200 3.69-6.16 5.306 986 22.82
Zn5 3.53-5.84 5.126 806 18.66
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Data presented in table 1 indicates that in soybean-
wheat cropping sequence, basal application of 5 kg Zn
increased the soybean and wheat yield by 490 kg (27.68%)
and 995 kg (22.19%) over control respectively. However,
addition of FYM @ 200 kg along with 5 kg Zn ha-1 also
increased yield of soybean and wheat by 545 kg (30.79%)
and 1120 kg (24.97%) respectively over their control.

In rice-wheat sequence, basal application of 5 kg Zn
increased the rice and wheat yield by 947 kg (25.38%) and
806 kg (18.66%) over their respective control. However,
application of FYM @ 200 kg ha  along with 5 kg Zn also
improved the increased yield of rice and wheat by 1124 kg
(29.23%) and 986 kg (22.82%) over control which was
superior to lower dose of 2.5 kg Zn  along with @200 kg
FYM which gave the 688 kg (17.89%) and 566 kg (13.10%)
higher yield of rice and wheat respectively over control. The
maximum B:C ratio of 2.57 was obtained with Zn5 FYM200
treatment.

Field experiments were conducted on JNKVV. Farm
and cultivator fields in Soybean-wheat and Rice-wheat
cropping sequence to study the effect of low quantity of
organic manures enriched with Zn, in increasing efficiency
of Zn fertilizer.In Soybean-Wheat cropping system the
average yield of soybean in four experiments was 1.77tha  at
control which increased by 7.6, 15.7, and 30.8% with the
application of 1.25, 2.5, and 5.0 kg Zn ha  incubated with
200 kg FYM ha . Dose of 5.0 kg Zn ha  gave 27.7%
increase, thus 3.1% additional response was obtained due to
incubation. The residual effect of these treatments in wheat
gave 5.4 to 25.0% response at various levels giving 2.8%
additional response due to incubation of 5.0 kg Zn ha  with
200 kg FYM ha . Total uptake of Zn by Soybean-Wheat
cropping sequence was 270.5 g ha  at control which
increased to 448.0 g ha  with the 5.0 kg Zn ha  incubated
with 200 kg FYM ha

-1

-1

-1

-1 -1

-1

-1

-1

-1 -1

-1

Low cost efficient technology using Zn enriched organic
manure

Table 2: Effect of Zn enriched FYM on Soybean -Wheat cropping system

Treatments Soybean Zn
uptake
(g ha-1)

Wheat Zn
uptake
(g ha-1)

Total Zn
uptake
(g ha-1)

Yield
(t ha-1)

%
response

(t ha-1) %
response

Control 1.77 - 114.4 4.49 - 156.1 270.5
1.25 kgZn200kgFYM ha-1 1.91 7.6 134.6 4.73 5.4 181.7 316.3
2.5 gZn200kgFYMha-1 2.05 15.7 155.2 5.11 13.8 210.7 366.0
5.0kgZn200kgFYM ha-1 2.32 30.8 192.0 5.61 25.0 256.0 448.0
5.0 kg Zn ha-1 2.26 27.7 190.2 5.48 22.2 246.6 436.8
Average 157.3 210.2 367.5

In Rice-Wheat cropping system the average yield of
rice in four experiments was 3.73tha  at control which
increased by 9.9, 18.8, and 29.6% with the application of
1.25, 2.5, and 5.0 kg Zn ha  incubated with 200 kg FYM ha .
Dose of 5.0 kg Zn ha  gave 25.9% increase, thus 3.7%
additional response was obtained due to incubation. The
residual effect of these treatments in wheat, gave 5.4 to
24.4% response at various levels giving 4.0% additional
response due to incubation of 5.0 kg Zn ha  with 200 kg
FYM ha . Total uptake of Zn by cropping sequence was
330.8 g ha  at control which increased to 595.8 g ha  with
5.0 kg Zn ha  incubated with 200 kg FYM ha

Once the deficiency of a particular micronutrient has
been diagnosed, the efficient materials and methods should
be used for its correction. In view of the prevalence of Zn
deficiency in majority of soils, the studies relating to
techniques of amelioration were mainly confined to this
element. Nevertheless, some experiments have been carried
out to explore the efficient sources, methods and rate of iron
and manganese application particularly in soils where
deficiencies of these nutrients were observed.

-1

-1 -1

-1

-1

-1

-1 -1

-1 -1

Amelioration of micro and secondary nutrient deficiencies

Table 3: Effect of  Zn enriched FYM on Rice -Wheat cropping system

Treatments Rice Zn uptake
(g ha-1)

Wheat Zn uptake
(g ha-1)

Total Zn
uptake
(g ha-1)

Yield
(t ha-1)

%
response

Yield
(t ha-1)

%
response

Control 3.73 - 176.4 4.24 - 154.4 330.8
1.25 kgZn200 kg FYM ha-1 4.10 9.9 223.7 4.51 6.4 187.3 410.9
2.5 kgZn200kg FYM ha-1 4.43 18.8 261.0 4.79 13.0 214.0 475.0
5.0 kgZn200kg FYM ha-1 4.83 29.6 335.1 5.27 24.4 260.7 595.8
5.0 kg Zn ha-1 4.70 25.9 334.6 5.10 20.4 249.9 584.6
Average 266.1 213.3 479.4
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Effect of seed coating with different micronutrients on
chickpea

Effect of sources and method of Boron application

Field experiments were conducted on farmers field to
study the effect of seed coating with different micronutrients
on chickpea in Zn deficient soils of Jabalpur district. There
were five treatments viz.(a) control, (b) 8g ZnO kg  seed,
(c)1g Ammonium molybdate kg  seed, (d) ZnO +
Ammonium molybdate, (e) ZnO + Ammonium molybdate
+10 g borax  kg  seed . The average grain yield of gram was
1.77 tha  at control which increaseds by 9.3, 4.2, 11.3 and
13.1% due to coating of seeds with ZnO, Ammonium
molybdate, ZnO + Ammonium molybdate, and ZnO +
Ammonium molybdate +10 g borax kg  seed, respectively,
however the effect of seed coating with different
micronutrients, on yield of gram, were statistically non
significant.  Zn uptake increased from 110.8 to 144.7g ha
due to coating of seeds with ZnO

The efficiency of soil and foliar methods of Fe
application was also compared for soybean grown on a black
clay soil at Powarkheda farm, Hoshangabad. The soil had pH
7.7, org. C 0.48% and CaCO  1.8% and DTPA extractable
Fe 5.5 mg kg . Grain yield of soybean (Table 5 ) increased
significantly by 0.32, 0.40 and 0.58 t ha  over control with
soil application of 20 kg Fe ha , foliar applications of 1%
FeSO  and 2% FeSO  solutions respectively. Spray of 2%
FeSO  solution was significantly superior to soil application
of Fe.

In a field experiment conducted on a black clay soil (pH
7.8, DTPA-Mn 7.4 mg kg , CaCO  2%) application of 10 kg
Mn through manganese sulphate resulted in an increase of
wheat yield by 0.71 t ha  over control (3.17 t ha ). It was
observed (Table  6 ) that soil application of 10 kg Mn ha was
statistically at par with the three foliar sprays of 1% MnSO
solution applied at 15 days interval.

FS: Three foliar sprays

The application of Boron through borax and granubor
was applied as basal @ 0.75, 1.0 and 1.25 kg ha Boron
through Borax and granubor as soil application and foliar
application @ 0.1 %.The efficiency of method of Boron
application was compared for cauliflower grown on vertisol
of Jabalpur district(table 7). The yield of cauliflower
increased from 21.2 t ha  at control to 24.8 t ha  with the
application of Boron. The Borax was superior over granubor
as a source of Boron. The yield obtained due to application
of borax was higher (25.6 t ha ) then granubor (24.9 t ha ).
Basal application of Boron proved better then foliar
application. There was a reduction in yield up to 6.5 % due to
foliar application of Boron over basal. The Boron @ 1.25 kg
Boron ha  gave the highest yield of 27 t ha  resulted in
26.9% increase in yield over control.

The sources and methods have no effect on Mg, Ca,
Ascorbic acid and Protein content in cauliflower. All the
parameter like Mg, Ca, Ascorbic acid and Protein, Boron
content increased due to application of Boron.

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1 -1

-1

-1

-1 -1

-1 -1

-1 -1

Table 4: Effect of seed coating with different
micronutrients on chickpea

Table 5 : Yield and Fe content of soybean as influenced by
rate and mode of Fe application.

Table 6 : Grain yield of wheat as influenced by rate and
mode of Mn application

3

4 4

4

3

4

FS = foliar spray

Treatments Average
grain
yield
(tha-1)

Percent
response

Total
Zn

uptake
(gha-1)

Control 1.77 - 110.8
8g ZnO kg-1 seed 1.94 9.3 144.7
1g Am. moly.kg-1 seed 1.85 4.2 116.1
ZnO + Am. molybdate 1.97 11.3 142.9
ZnO + Am. molybdate
+10 g borax kg-1 seed

2.01 13.1 143.2

Treatment Yield (t ha-1) Grain
response
(t ha-1)

Fe conc.
(mg kg-1)

Grain Straw Grain Straw
Control 0.71 2.53 - 62 74
10 kg Fe (Soil) 0.90 2.94 0.19 80 108

20 kg Fe (Soil) 1.03 3.08 0.32 88 108
1% FeSO4.7H2O (FS) 1.11 3.43 0.40 76 157

2% FeSO4.7H2O (FS) 1.29 3.16 0.58 90 129
4% FeSO4.7H2O (FS) 0.97 3.13 0.26 80 163
1% FeSO4.7H2O (FS)
+ 0.2% Citric acid

0.92 3.10 0.21 86 125

LSD (0.05) 0.22 0.62 - NS 29

Treatment Grain
Yield

(t ha-1)

Mn conc.
in straw
(mg kg-1)

5 kg Mn ha-1 3.68 22.1
10 kg Mn ha-1 3.88 27.1
20 kg Mn ha-1 3.59 28.7
0.5% MnSO4 (FS) 3.63 27.9
1.0% MnSO4 (FS) 3.68 29.6
Control 3.17 21.2
LSD (0.05) 0.52 3.4
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On the Basis of Above Findings  the Conclusions and
Recommendations as Follows:

1. In Madhya Pradesh 71% soil samples analyzed,
indicated deficiency of Zn. The deficiency of Fe and Mn
was in 7.0 and 2.4% soil samples respectively whereas
soils were sufficient in copper.

2. Critical limits of Zn and Fe have been established for
different soils and crops which can be used by soil
testing laboratories and researchers for diagnosing
nutritional disorder.

3. Various soil test methods where evaluated for Zn out of
these DTPA soil test for Zn proved better than other
extractants for predicting available Zn status of soils.
Ammonium bicarbonate DTPA extractant was also
equally good for predicting availability of Zn
phosphorus and potassium in soil.

4. To ameliorate Zn deficiency, application of 10 kg Zn
ha  to heavy clay soil and 5 kg Zn ha  to light textured
soils have been recommended.

5. The residual effect of 10 kg Zn ha  persisted up to 6
crops in soybean wheat sequence giving the response at

51.3, 34.3 and 17.9% in soybean and 11.4 to 13.6% in
wheat. Response reduced to 5% in 8  crop. Available Zn
increased from 0.26 to 2.45 mg kg-1 after 1 crop and
than decreased gradually to 0.40 mg kg  after 8  crop.

6. Zinc and iron deficiency in standing crops can be
corrected by the foliar spray of 0.5% and 2% of ZnSO
and FeSO  respectively at an interval of 10 to 15 days.

7. The coating of soybean and chickpea seed with
Ammonium molybdate @ 1.0 g per kg seed
significantly increased the yield (21.8%) over control in
Vertisol.

8. Under low cost in put  technology application of  200 kg
FYM enriched with 5 kg Zn ha  by incubating for 30
days were at par with the yield obtained at 10 kg Zn ha
yield of wheat pulses and oilseed increased by 23,26
and 27 % due to this technology.

9. Application of 1.25 kg ha  boron increases the yield of
cauliflower and highest net income over other doses of
boron application.

-1 -1

-1

th

st

-1 th

-1

-1

-1

4

4

Treatments Yield
(t/ha)

%
increase

Mg Ca Ascor.
acid

Protein
(%)

Boron
(mg kg-1)

Uptake
(gha-1)

Av B
(mg kg )-1

(mg 100 g)
Response of Boron Over Control
Control 21.2 13.5 23.4 40.98 1.92 43.7 319.2 0.89
Treated 24.8 16.9 14.4 28.2 43.58 2.23 58.9 528.7 2.62
Sources
Borax 25.6 14.2 28.4 43.87 2.30 61.0 583.4 3.20
Granubor 24.9 -2.8 14.7 29.0 43.59 2.28 57.4 538.2 3.07
Methods
Basal 25.2 14.5 28.7 43.73 2.29 59.2 560.8 3.13
Foliar 23.6 -6.5 14.2 26.6 43.11 2.04 57.9 432.3 1.09
Doses
Control 21.2 13.5 23.4 40.98 1.92 43.7 319.2 0.89
T2 0.75 B 23.5 10.8 14.7 27.7 42.92 1.95 48.3 434.1 2.5
T6 1.0 B 25.3 18.9 14.1 27.9 43.9 2.15 56.6 528.3 3.35
T7 1.25 B 27.0 26.9 14.6 30.5 44.37 2.765 72.8 720.0 3.55

Table 7: Effect of sources and methods of Boron application on  yield and quality of cauliflower
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Appendix - I: List of Ph.D. Thesis

S.
No.

Year Name of the student Title of Thesis Name of the Guide

1. 1965 Shri J.N. Dube Studies in bacterial metabolism with reference to
Rumen (Cobalt and Microbial synthesis of vitamin
B12 in soil plant animal interrelation)

Self

2. 1973 Shri S.K. Rastogi A comparison of analytical methods for soil zinc Dr. M.M. Rai
3. 1975 Shri T.K. Jagsi Field water balance in deep vertsol under fallow and

cropped conditions
Dr. R.K. Gupta

4. 1979 Shri K.K. M. Nambiar Study on critical levels of zinc and manganese in
maize pearl millet wheat and chickpea as related to
four soil types

Dr. D.P. Motiramani

5. 1978 Shri Y.D. Tiwari Dynamics of soil moisture as affected by shrinkage
cracks in vertisols

Dr. G.P. Verma

6. 1981 Shri G.S. Kaushal Characterization and classification of soils of Bargi
Project (District-Jabalpur and Narsinghpur)

Dr. S.B. Sinha

7. 1981 Shri G.P. Gupta Taxonomy of soils of Chambal command area in
Madhya Pradesh

Dr. S.B. Sinha

8. 1982 Shri G.R. Gajendragadkar Studies on Mn availability in Alluvial soils of Gwalior
district (M.P.)

Dr. G.S. Rathore

9. 1982 Shri R.G. Dixit Studies on efficient use of Nitrogen in paddy (Oryza
Sativa L.) crop grown on vertisols

Dr. S.B. Sinha

10. 1982 Shri D.L. Kauraw In situ Hydraulic properties of a vertisol and water
uptake by plant roots

Dr. R. K. Gupta

11. 1982 Shri Osaram Turkar Comparison of different plant analysis indices for
evaluating sulphur nutrition and utilization pattern
of applied sulphur by berseem gram and mustard in
medium black soil using 35S

Dr. S.B. Sinha

12. 1983 Shri S.A. Jaipurkar Utilization of major nutrients by oil seeds as
influenced by the soil fertility on vertisols of
Madhya Pradesh

Dr. S.B. Sinha

13. 1983 Shri S.M. Gorantiwar Availability of potassium to rice in three soil series
of Jabalpur

Dr. S.B. Sinha

14. 1983 Shri S.L. Namdeo Phenological influences of rhizobial and
carbohydrate loading in the biphasic system on the
quality of lecume inoculants

Dr. J.N. Dube

15. 1984 Shri Shashi Bhushan
Dubey

Role of sulphurs zinc on uptake of nitrogen,
phosphorus & potassium and chemical comp osition
in soybean.

Dr. O.N. Tripathi

16. 1985 Shri Uma Shankar Gupta Effect of fertilizer dose and surface reflactant on soil
plant hydro thermal relations water extraction
pattern yield and N - uptake by wheat under limited
water supply.

Dr. O.P. Verma

17. 1985 Shri A.K. Dwivedi Nitrogen use efficiency in rice as affected by forms
and methods of urea application in vertic ustochrept

Dr. S.B. Sinha

18. 1986 Shri A. P. Singh Sulphur phosphorus interaction studies on soybean
(Glycine Max L. Merrill)

Dr. J.P. Mahajan

19. 1986 Shri N.G.Mitra Kinetics of ammonia release in kiebsiella
pneumonia and IIS mutants having blockaded gln
gene

Dr. J.N. Dube

20. 1988 Shri A.S. Tomar Influence of soil moisture and bulk density level on
soil oxygen diffusion rate maize plant growth and
water use

Dr. O.P. Verma

21. 1988 Shri S.K. Verma Solute transport in a smectitic clay soil Dr. R.K. Gupta
22. 1988 Shri Koshlendra Tedia Crop water use root distribution plant growth and

seed yield of soybean genotypes as influenced by
water stress and tillage

Dr. S.B. Sinha
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S.
No.

Year Name of the student Title of Thesis Name of the Guide

23. 1988 Shri H.R. Nema Effect of surface drainage, date of sowing and
nitrogen levels on growth yield and nutrient uptake
of maize

Dr. O.P. Verma

24. 1989 Shri Bhaulal Ganjir Effect of tillage practices and nitrogen level on plant
–water relations yield and nutrient uptake by wheat
in a rice-wheat cropping sequence in Vertisol

Dr. O.P. Verma

25. 1989 Shri S.S. Tomar Effect of soil hydrothermal regimes on the
performance of safflower plant on different dates

Dr. O.P. Verma

26. 1990 Shri D.P. Mahere Influence of parent material on soil genesis in man
watershed area of Dhar (Madhya Pradesh)

Dr. P.N. Bapat

27. 1990 Shri S.S. Sengar Impact of logn term use of fertilizers & manures on
soil environments Its inference on crop growth

Dr. D.L. Kauraw

28. 1990 Shri D.S. Thakur Comparative study on the genesis of vertisols of
middle and lower Narmada valley (M.P.)

Dr. P.N. Bapat

29. 1991 Shri S.K. Patil A field evaluation of soil phosphorus test and
phosphorus availability to rice and wheat in soils of
chattisgarh region

Dr. G.S. Rathore

30. 1992 Shri R.K. Sharma Nutrient removal by soybean wheat (C++ different
growth stages) and maize fodder taken in se quence
as influenced by long term fertilizer application on
typic chromustert

Dr. B.R. Tembhare

31. 1992 Shri B.K. Dixit Evapotranspiration estimates and their predictive
ability for field crops

Dr. D.L. Kauraw

32. 1993 Shri K.S. Patel To study the utilization of major nutrients in kharif
pulses (Arhar Urid) as influenced by the soil fertility
status and the nutrient application in typic
chromustert of Jabalpur

Dr. S.A. Jaipurkar

33. 1993 Shri Bijan Majumdar Effect of phosphorus sulphur and zinc on the yield
nutrient composition and uptake of faba bean (Vicia
Faba L.) in typic chromustert of Jabalpur (M.P.)

Dr. G.S. Rathore

34. 1993 Shri S.C. Tiwari Solute and water movement in a smectitic clay soil. Dr.R.K. Gupta
35. 1995 Shri Ajay Kaushal Forms of phosphorus in typic haplusterts and their

availability to wheat under long term fertilizer
application and intensive cropping

Dr. B.R. Tembhare

36. 1996 Smt. Shila P.K. Vnni Nature and properties of soil aggregates as
influenced by intensive cropping and long term
fertilizer use.

Dr. S.S. Tomar

37. 1997 Shri Alok Tiwari Tillage and nitrogen interaction in rice -wheat
cropping sequence in Vertisols

Dr. V.S. Tomar

38. 2007 Shri Risikesh Thakur Dynamics of plant nutrients and heavy metals under
long-term applications of different agricultural
inputs in a Vertisol

Dr. D.L. Kauraw

39. 2007 Shri Gyani Datt Sharma Evaluation of the integrated nutrient management on
yield quality and nutrient uptake by Rice -Wheat
cropping sequence in typic Haplustra

Dr. D.L. Kauraw

40 2011 Shahina Tabassum Effect of Zinc application with and without organic
manures on transformation of Zinc in Rice -
Chickpea cropping sequence in Vertisol.

Dr. R.S. Khamparia

41. 2013 Shri Komal Singh Keram Influence of zinc incubation on redistribution
various chemical pools and its application and
nutrient uptake by wheat in Vertisol

Dr. B.L. Sharma
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Appendix - II : List of M.Sc. Thesis
S. No. Year Name of the student Title of Thesis Name of the Guide
1. 1964 Shri Durga Ji Bhagat Effect of some agricultural implements on physical,

chemical and biological properties of soils of Jabalpur
Dr. P.M. Tamboli

2. 1964 Shri R.K. Katre Effect of some soil properties on the availability of
phosphorus in some soils of Jabalpur (M.P.)

Dr. M.M. Rai

3. 1964 Shri L.N. Verma Study of some microbiological properties of soils of
Jabalpur district Madhya Pradesh

Dr. P.M. Tamboli

4. 1964 Shir B.R. Tembhare Iron and manganese status in soils of Jabalpur district
(M.P.)

Dr. M.M. Rai

5. 1965 Shri M.K. Mishra Copper status in soils of Jabalpur (M.P.) Dr. M.M. Rai
6. 1965 Shri K.C. Mishra Cooperative studies of methods of estimation of

available nitrogen in different textured soils of
Jabalpur

Dr. P.M. Tamboli

7. 1965 Shri N.K. Khare Effect of phosphorus on symbiotic fixation of nitrogen
and quality of leguminous crops Jabalpur

Dr. M.M. Rai

8. 1967 Shri P.R. Dixit A study of the rate of nitrogen and phosphorus uptake
by different duration paddy varieties Jabalpur (M.P.)

Dr. D.P. Motiramani

9. 1967 Shri Pramod Vakil The chemical composition of soybean varieties
(Glycine spp.) with special reference to their amino
acid content Jabalpur (M.P.)

Dr. D.P. Motiramani

10. 1967 Shri O.P.S. Panwar Intensive study of copper status of some deficient soils
of Gwalior and evaluation of different methods
(extractants) of estimating available copper in Gwalior
soils

Dr. S.B. Sinha

11. 1968 Shri V.K. Tanden Availability of phosphorus in phosphatic fertilizers
which economize the use of sulphuric acid Jabalpur

Dr. D.P. Motiramani

12. 1968 Shri A.R. Pal Sulphur status and sulphur supplying power of soils of
Jabalpur (M.P.)

Dr. D.P. Motiramani

13. 1968 Shri D.L. Kauraw Evaluation of soil structure of Jabalpur Dr. G.P. Verma
14. 1968 Shri V.S. Tomar Studies on magnesium in Madhya Pradesh soils

Jabalpur (M.P.)
Dr. G.P. Verma

15. 1968 Shri Sukhlal Namdeo Relationship between nodulation pattern and rhizobia
in soybeans

Dr. J.N. Dube

16. 1969 Shri G.P. Chimania Effect of micro nutrients on yield and tissue
concentration of paddy ( Oryza Sativa ) at different
levels of fertility Jabalpur

Dr. M.M. Rai

17. 1969 Shri R.B. Sharma Characterization of cracks in medium black soils of
Jabalpur (M.P.)

Dr. G.P. Verma

18. 1969 Shri B.K. Pathak Release of non -exchangeable K from field moist soils
of Jabalpur Madhya Pradesh

Dr. G.P. Verma

19. 1971 Shri S.K. Mukherjee Contribution of different forms of soils phosphorus
with crop response of wheat and soil test values,
Jabalpur (M.P.)

Dr. D.C. Bisen

20. 1971 Shri Ramshankar
Bharadwaj

Study on availability of iron and response of wheat
crop to the application of iron in shallow black soils of
Jabalpur (M.P.)

Dr. M.M. Rai

21. 1971 Shri D.P. Gupta Influence of soil moisture content and evaporative
demand on leaf water potential, Jabalpur (M.P.)

Dr. M.B. Russell

22. 1971 Shri R.S. Khamparia A study on interaction of phosphorus and molybdenum
on nodulation and yield of berseem, Jabalpur (M.P.)

Dr. S.S. Khanna

23. 1971 Shri Umakant Vaishya Specificity and efficiency of Bengal gram ( Cicer
Arietimum L.) rhizorium strains

Dr. C.L. Sanoria

24. 1971 Shri G.P. Tembe Evapotranspiration of rainfed and irrigated wheat under
different soil moisture regimes

Dr. M.B. Russell

25. 1971 Shri T.S. Bamharoliya A study of response of copper and phosphorus and
their interaction on wheat

Dr. M.M. Rai

26. 1971 Shri K.S. Patel To study the response of sulphur on soils of Betul
Chhindwara, Narsinghpur and Seoni Districts (M.P.)

Dr. S.S. Khanna

27. 1971 Shri M.S. Johar Growth and longevity of rhizobial strains in different
biphosic carriers

Dr. J.N. Dube
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S. No. Year Name of the student Title of Thesis Name of the Guide
28. 1971 Shri Arvind Mishra Minimal antigenic composition and competitional

ranking of Rhizobium-Japonicum
Dr. J.N. Dube

29. 1971 Shri B.K. Soni A study on the root distribution of wheat varieties
under irrigated and unirrigated conditions and
evaluation of a suitable carrier

Dr. S.S. Khanna

30. 1971 Shri S.R. Rahangdale To study the comparative effic iency of chelated and
unchelated compounds of Zinc on citrus chlorosis

Dr. S.S. Khanna

31. 1971 Shri O.D. Bhargava Water harvest from maize and soybean plots under
Jabalpur conditions

Dr. G.P. Verma

32. 1972 Shri J.S. Yadav Soil moisture retention and root growth of wheat in
four texturally different soils

Dr. Ram K. Gupta

33. 1973 Shri R.S. Thakur Phosphorus transformation and evaluation of rapid
phosphorus soil tests in paddy soils of Madhya Pradesh

Dr. D.C. Bisen

34. 1973 Shri D.V. Nayyar Effect of nitrogen and phosphorus levels on percentage
uptake and utilization of added phosphorus by maize

Dr. N.J. Sawarkar

35. 1973 Shri B.K. Motta Studies on effect of levels of sulphur and nitrogen on
sulphur uptake and N+ S+ ratio in wheat

Dr. N.J. Sawarkar

36. 1973 Shri S.K. Mourya Physico chemical properties of some soil series of
Madhya Pradesh

Dr. B.S. Bhargava

37. 1973 Shri A.K. Sesodia Study of sulphur and molybdenum interaction on
growth of berseem (Trifolium atexandrium L.)

Dr. N.J. Sawarkar

38. 1973 Shri U.S. Gupta Influence of soil moisture regimes and soil fertility
levels on water use by fodder maize

Dr. Ram. K. Gupta

39. 1973 Shri Vipin Thukral Infiltration in to artificially packed soil columns as
influenced by soil bulk density

Dr. R.K. Gupta

40. 1973 Shri Khazan Singh Influence of soil water potential on germination and
root elongation of wheat (Triticum aestivum) and mung
(Phasedus aureus Rox b)

Dr. Ram K. Gupta

41. 1973 Shri D.P. Raghuwanshi Physico-chemical and mineralogical characteristics of
black and associated soils of Madhya Pradesh.

Dr. D.A. Shinde

42. 1973 Shri A.R. Talib Comparative studies on saffron growing and non -
saffron growing soils of Jammu and Kashmir

Dr. D.A. Shinde

43. 1973 Shri Kuntal
Gangopadhyaya

Studies on the root distribution of wheat and
consumptive use of water by fodder maize.

Dr. R.K. Gupta

44. 1973 Shri L.C. Jain Tracer studies on rooting pattern of paddy varieties and
evaluation of suitable concentration of carrier for
translocation of 32P in wheat.

Dr. M.M. Rai

45. 1973 Shri Shrichand Bhatia Air permeability of clayey soil as influenced by
moisture content and bulk density

Dr. R.K. Gupta

46. 1974 Shri C.L. Patel A study on the effect of zinc application on the yield
and composition of maize mung and soybean with
respect to Zinc, Copper, Iron , and Manganese at
different ages of growth

Dr. M.M. Rai

47. 1975 Shri Perina Bapayya Studies on crop responses to zinc application
availability and residual effect of zinc in medium black
soil of MP

Dr. G.S. Rathore

48. 1975 Shri R.K. Khare Evaluation of the methods of finding available
potassium in medium black soil of Jabalpur

Dr. D.A. Sinde

49. 1975 Shri B.S. Raghuwanshi Studies on evaporation and transpiration of gram and
linseed crops

Dr. Ram. K. Gupta

50. 1975 Shri G.G. Agrawal Field water balance under gram and linseed crops Dr. R.K. Gupta
51. 1975 Shri A.B.G. Rao Studies on some aspects affecting the germination

(emergence) of soybean (Glycine Max)
Dr. Ram. K. Gupta

52. 1975 Shri J.P. Gupta Available boron and molybdenum status of soils of
Dhar, Mandsaur and Ratlam districts in Madhya Pradesh

Dr. G.S. Rathore

53. 1975 Shri H.C. Bhatia Field measurements of evapo -transpiration of wheat
and infiltration at various initial moisture profiles

Dr. R.K. Gupta

54. 1975 Shri T.R. Soi Physico chemical properties and fertility status of soils
of Ranbir Singh Pura Block of Jammu district

Dr. B. S. Bhargava
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55. 1975 Shri N.S. Jayaram Relative susceptibility of a few genotypes of maize
(Zea Mays L.) to zinc deficiency

Dr. D.P. Motiramani

56. 1975 Shri S.C. Dubey Boron status of soils of Raipur district of Madhya
Pradesh

Dr. S.B. Sinha

57. 1976 Shri M.K. Agrawal Available Boron status of soils of Morena (M.P.) Dr. S.B. Sinha
58. 1976 Shri K.N. Bansal Evaluation of soil and plant test methods and crop

response to sulphur application using S35 in medium
black soils of Madhya Pradesh

Dr. D.P. Motiramani

59. 1975 Shri T.K. Jagsi Field water balance in deep vertsol under fallow and
cropped conditions

Dr. R.K. Gupta

60. 1976 Shri R.K. Pathak Study on the effect of nutrient status of soil on the
mineral nutrition of wheat (Kalyan sona)

Dr. N.J. Sawarkar

61. 1977 Shri A.K. Agrawal Available sulphur status of the soils of Balaghat and
Morena districts of Madhya Pradesh

Dr. S.B. Sinha

62. 1977 Shri B. Sachidanand Study on sulphur and phosphorus interaction in
soybean at different stages of growth

Dr. N.J. Sawarkar

63. 1977 Shri S.K.P. Kesavam Studies of oxygenation upon antigencity O-hemoglobin
and serine dehydrates in rhizobial fermentation

Dr. J.N. Dube

64. 1977 Shri R.P. Rajput Effect of soil water potential on growth and water
energy status of lentil, niger and wheat

Dr. Ram K. Gupta

65. 1978 Shri R.K. Chourasia Studies on the removal of plant nutrients by weeds in
upland drilled paddy

Dr. D.A. Shinde

66. 1978 Shri T.P. Thomas Studies on the sulphur requirement of wheat ( Triticum
Aestivum L.) as influeced by different levels of
nitrogen using radioactive sulphur

Dr. D.A. Shinde

67. 1974 Shri B.C. Tiwari Effect of N,P,K fertilizers on response & their uptake
by wheat and gram crops & change in fertility status of
soil

Dr. D.C. Bisen

68. 1978 Shri K.D. Guru Available Molybdenum status of the soil of Morena
district of Madhya Pradesh

Dr. S.B. Sinha

69. 1979 Shri R.K. Jain Maximization studies of pyruvic acid in Kodo and
oxisolderived yeasting systems

Dr. J.N. Dube

70. 1979 Shri A.K. Rastogi Evaluation of the effect of phosphorus levels on the
uptake and utilization by paddy varieties of the
different stages of growth in medium black soil of
Jabalpur using 32P

Dr. S.B. Sinha

71. 1979 Shri A.K. Yadav Study on the effect of NPK fertilizers in presence and
in absence of FYM on yield and chemical composition
of wheat and soybean (JS-2) soil fertility status and soil
physical conditions

Dr. D.P. Motiramani

72. 1979 Shri R.K. Chouksey The effect of different nitrogen and phosphorus ratios
at varying levels of nutrient application on yield of
wheat in black soils of Jabalpur

Dr. D.P. Motiramani

73. 1979 Shri S.D. Sawarkar Studies on uptake pattern of nutrient elements by
groundnut (Arachis Hypogaea)

Dr. D.A. Shinde

74. 1980 Shri S.P. Sha rma Soil water plant relations for what (Triticum Aestivum) Dr. R.K. Gupta
75. 1980 Shri D.K. Baser Growht water use and nutrient uptake of maize ( Zea

Mays L.) as affected by static water tables
Dr., I.K. Jaggi

76. 1980 Shri D.K. Pandey Evaluation of the effec t of phosphorus levels on the
absorption of nitrogen applied as basal and basal +
foliar on paddy at different stages of growth in medium
black soil Jabalpur

Dr. S.B. Sinha

77. 1980 Shri A.N. Raikwar Efficacy of different fertilizer mixtures on soybean in
medium black soil of Jabalpur

Dr. D.C. Bisen

78. 1980 Shri N.G.Mitra A study on the effect of levels of manganese on
chemical composition of soybean grain [(Glycine Max
(L.)] in red and yellow soils of Balaghat

Dr. G.S. Rathore

S. No. Year Name of the student Title of Thesis Name of the Guide
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79. 1980 Shri K.L. Joshi Effect of different levels of phosphate and sulphur
applied at 25 and 50 days growth stage on the yield of
groundnut ( Arachis Hypogaea L.) and major nutrient
content of plant and pod

Dr. D.A. Shinde
S. No. Year Name of the student Title of Thesis Name of the Guide

80. 1981 Shri R.P. Singh 32P Tracer studies on phosphorus utilizat ion by rice in
vertisol

Dr. D.C. Bisen

81. 1981 Shri A.K. Dwivedi 32P Tracer studies on phosphorus utilization by soybean
[(Glycine Max (L.)] in Vertisol of Jabalpur

Dr. S.B. Sinha

82. 1982 Shri Vidyanand Mishra 32P Tracer investigation on utilization of fertilizer
phosphorus by Rice (Oryzo Sativa L.) as influenced by
mode of nitrogen application in matast soil (Alfisol of
Chhattisgarh region of M.P.)

Dr. S.B. Sinha

83. 1982 Shri B.M. Kumar Effect of bulk density, confinement and initial soil
wetness on the water transmission parameters of
disturbed and laboratory prepared soil core samples of
a black clay soil

Dr. I.K. Jeggi

84. 1982 Shri N.K. Khamparia Study on the optimum doses and time of application of
phosphate and potash to groundnut in sandy loam soil

Dr. D.A. Shinde

85. 1982 Shri S.O. Odhiambo The effect of side -dressing of super phosphate on yield
and chemical composition of soybean ( Glycine Max L.
Merrill)

Dr. D.A. Shinde

86. 1982 Shri V.K. Sharma Effect of different complexing agents on dry matter
yield phos phorus content and uptake by Maize ( Zea
Mays L.)

Dr. N.J. Sawarkar

87. 1981 Shri A.R. Pal Studies on availability and of crop response to zinc in
Alluvial Soils

Dr. D.P. Motiramani

88. 1983 Shri V.K. Agrawal Response of gram (Cicer Arietinum) to zinc application
in red and yellow soils of Balaghat district (M.P.)

Dr. G.S. Rathore

89. 1982 Shri R.K. Pagare Characterization fertility status and classification of
soils of Jawaharlal Nehru Krishi Vishwa Vidyalaya
Farm, Jabalpur

Dr. N.J. Sawarkar

90. 1982 Shri N.K. Jain Sensitivity of chickpea ( Cicer Arietinum) to soil
moisture stress at three growth stages

Dr. D.L. Kauraw

91. 1983 Shri K.K. Sahu Effect of phosphorus solubiliging bacteria (Bacillus
polymyxa) on the release of phosphorus from bone
meal, rock phosphate and superphosphate at different
stages of growth of upland rice ( Oryza Sativa L.) in a
vertisol

Dr. J.P. Mahajan

92. 1983 Shri S.K. Dubey Response of muriate of potash and single superphate
on groundnut ( Arachis Hypogaea L.) in medium black
soil

Dr. R.S. Ghurayya

93. 1983 Shri S.B. Gupta Effect of seed treatment with different fungicides on
rhizobial in oculum when applied to soybean and
microbial composition of the soil

Dr. A.K. Khare

94. 1983 Shri H.P. Gupta Soil test crop response correlation of phosphorus with
niger (Guizotia Abyssinica) in vertisols of Jabalpur

Dr. S.A. Jaipurkar

95. 1983 Shri Alok Verma Evaluation of various chemical extractants for their
ability to predict response of soybean to Manganese
fertilization in Black soils

Dr. G. S. Rathore

96. 1983 Shri R.K. Bajpai Tracer studies on uptake and utilization of applied
phosphorus by rice (Oryza Sativa L.) Grown in soils of
Chhattisgarh Reglon (M.P.)

Dr. S.B. Sinha

97. 1983 Shri P.S. Kulhare Relative efficiency of urea and urea coated with
different nitrification inhibitors on submerged rice in a
vertisol Jabalpur(M.P.)

Dr. G.S. Nayak

98. 1983 Shri Ravindra Kulkarni Morphological and physic -chemical characteristics of
Deep Black soils of Jawaharlal Nehru Krishi Vishwa
Vidyalaya, Jabalpur

Dr. G.P. Gupta

99. 1983 Shri J.R. Singh Baghel Study on the effect of application fertilizers and FYM
on the yield and composition of soybean (JS72-44)

Dr. K.N. Bansal
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100. 1983 Shri P.K. Sharma Effect of biologically fixed and fertilizer nitrogen
applied to kharif legumes on the nitro gen economy of
wheat crop

Dr. P.R. Dikshit
S. No. Year Name of the student Title of Thesis Name of the Guide

101. 1983 Shri R. Thakur Effect of surface drainage and nitrogen levels on
growth yield grain quality and soil moisture depletion
by corn (Zea Mays L.)

Dr. O.P. Verma

102. 1983 Shri R.O. Das Effect of improved land conf iguration of a vertisol on
soil moisture conditions growth and yield of soybean
and paddy crops

Dr. O.P. Verma

103. 1983 Shri S.K. Padihar Transformation and availability of applied phosphorus
under different moisture regimes and phosphorus levels
in relation to nutrition of paddy in black soil

Dr. P.R. Dikshit

104. 1983 Shri B.K. Pathak Effect of inorganic anion (sodium silicate) on dry
matter yield and nutrient contents by Maize

Dr. N.J. Sawarkar

105. 1983 Shri N.K.S. Pathak A study of the nutrient status of adhartal series of
vertisol

Dr. S.B. Sinha

106. 1984 Shri Ku. Asha Lata
Mishra

Mineralization of urea as affected by different
nitrification inhibitors and their effect on yield protein
and non protein fraction of nitrogen in wheat

Dr. O.R. Turkar

107. 1984 Shri D.S. Thakur Effect of long term application of farm yard manure
and nitrogenous fertilizers on organic and mineral
fractions of nitrogen in a vertisol

Dr. R.S. Ghurayya

108. 1984 Shri S.K. Sharma Affect of tillage on soil physical properties growth
yield and nutrient content of wheat crop

Dr. O.P. Verma

109. 1984 Shri R.C. Jain Nutrient composition (P&K) of groundnut (Arachis
Hypogaea L.) as a guideto its manorial requrement

Dr. P.R. Dikshit

110. 1984 Shri S.S. Senger Effect of surface drainage on soil water dynamics,
nutrient uptake, yield of soybean & water harvesting
submergence on the yield of paddy

Dr. O.P. Verma

111. 1984 Shri S.C. Tiwari Assessment of increase in efficiency of fertilizer
nitrogen applied to rice by different methods in a
vertisol of Jabalpur

Dr. J.P. Mahajan

112. 1984 Shri S.K. Khatik To evaluate the effect of different levels of sulphur and
phosphorus and their interaction on production of
soybean in Vertisol

Dr. S.B. Sinha

113. 1984 Shri K.S. Gaharwar Characterization and taxonomy of some soil series of
Narmada Sagar Project Area

Dr. B. R. Tembhare

114. 1984 Shri Shiv Prasad Saini Genesis and classification of some soil series of
Narmada Sagar Complex (M.P.)

Dr. G.P. Gupta

115. 1984 Shri R.P. Thakur Morphology & salient characteristics of some and soils
of khutpali

Dr. G.S. Rathore

116. 1985 Shri M.K. Dubey Comparative release of potassium as influenced by
wetting and drying in Entisols and Vertisols of
Jabalpur Madhya Pradesh

Dr. S.A. Jai purkar

117. 1985 Shri R.K. Yadav Effect of different methods of rice cultivation on soil
physical properties nutrient uptake and yield of rice
crop

Dr. D.L. Kauraw

118. 1985 Shri G.Y. Kachoui Characterization and classification of black soils of
Narsinghpur district in Madhya Pradesh (India)

Dr. G.P. Gupta

119. 1985 Shri Rabinra Choudhary Effect of phosphorus and sulphur application on
available P and S in soil under in situ and dry soil
condition nutrient uptake and composition of paddy
grown under submerged conditions

Dr. O.R. Turkar

120. 1985 Shri A.K. Paliwal Influence of nitrogen and sulphur application on the
nutrition of rice (var. cauver) grown in chromustert soil
under submerged soil condition

Dr. P.R. Dikshit

121. 1986 Shri R.N. Singh The effect of temperatures and carriers on viability and
efficiency of R.Japonicum inculants

Dr. A.K. Khare
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122. 1986 Shri M.K. Agrawal A comparative study on different laboratory techniques
for characterizing water transmission properties of the
soils

Dr. S.B. Sinha

123. 1986 Shri Ramchandra Patle Effect of moisture and temperature stresses on some
physiological behavior of different crops

Dr. S.B. Sinha

S. No. Year Name of the student Title of Thesis Name of the Guide

124. 1988 Shri S.R. Mishra Morphology physic -chemical properties and forms of
potassium in granite derived soils of Jabalpur (M.P.)

Dr. G.P. Gupta

125. 1988 Shri A.K. Agrawal Phosphorus and sulphur transformation in the soil and
its influence on the yield and nutrient composition of
linseed (Linum Usitatissimum)

Dr. P.R. Dikshit

126. 1988 Shri R.K. Jain Nitrogen and sulphur transformation in the soil and it’s
influence on the yield and nutrient composition of
linseed

Dr. O.R. Turkar

127. 1989 Shri V.K. Patel Effect of rhizobium vam inoculation on biomass
production and nutrient availability in soybean

Dr. A.K. Khare

128. 1989 Shri S.K. Choudhari Effect of different amendments and forms of urea on
soil physical properties and performance of paddy in
Vertisols

Dr. S.S. Tomar

129. 1989 Shri Ram Vishwas
Kushwaha

Nutrient distribution in profiles of treated plots of long
term fertilizer experiment on typic chromustert

Dr. G.P. Gupta

130. 1989 Shri R.R. Sharma Effect of single super phosphate and diammonium
phosphate on the release of soil potassium in Vertisols
of Jabalpur (M.P.)

Dr. S.M. Gorantiwar

131. 1990 Shri Bijan Majumdar Effect of phosphate solublizing substances on the
availability of rock phosphate to soybean-wheat
rotation in Ve rtisol of Jabalpur (M.P.)

Dr. G.S Nayak

132. 1989 Shri R.K. Jain Effect of different levels of oxalic acid industrial waste
(source of sulphur) and phosphorus application on
yield and quality of mustard

Dr. N.J. Sawarkar

133. 1990 Shri R.S. Raghuwanshi Study of soil physical properties and growth of rabi
crops in Vertisol as influenced by organic amendments
applied to preceding paddy

Dr. H.R. Nema

134. 1990 Shri S.P. Datta Available Boron status in soils of surguja (M.P.) and its
relationship with some soil properties

Dr. G.S. Rathore

135. 1990 Shri M.K. Ojha Studies on the effect of sulphur and phosphorus
application on the yield composition and nutrient
uptake by Fababean grown in Vertisols

Dr. J.P. Mahajan

136. 1990 Shri S.K. Gautam Evaluation of the effect of long-term fertilizer
application under multiple cropping system on the
transformations of phosphorus, potassium & sulphur
chromosterts in the Jabalpur

Dr. P.R. Dixit

137. 1991 Shri A.K. Jain Forms of potassium as affected by long term
application of manures, fertilizers and intensive
cropping.

Dr. G.P. Gupta

138. 1991 Shri B. Nandi Studies on Azotobacter From Vegetable Nurseries and
Bacterization of provenones on Tomato ( Lycopersicon
Esculentum Mill)

Dr. T.S. Chopra

139. 1991 Shri Ajay Kaushal Possibility of oxalic acid industrial waste to use as a
carrier for Rhizobium inoculants and its effect on
soybean

Dr. A.K. Rawat

140. 1991 Shri Alok Tiwari Effect of long term application of fertilizers and
manures on soil aggregates and water retention
characteristics of typic chromusterts.

Dr. H.R. Nema

141. 1991 Shri Vishnoo Prasad
Chouksey

Effect of Long-term fertilizer application and intensive
cropping on microbial population nodulation and
nitrogen fixation by soybean

Dr. U.K. Vaishya

142. 1991 Shri A.M. Sharma Yield and nut rition of paddy as influenced by applied
phosphorus and sulphur and evaluation of oxalic acid
industry waste as a source of sulphur.

Dr. O.R. Turkar
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143. 1991 Shri Y.M. Sharma Influence of starter dose of nitrogen in combination
with phosphorus and rhizobium culture on yield
nodulation and nutrition of moong.

Dr. P.R. Dixit

144. 1992 Shri R.L. Pandey Available sulphur status in skeletal soils of mandla
district (M.P.)

Dr. R.S. Khamparia

145.
1992

Shri R.K. Sinha Influence of VAM and phosphorus fertilization o n the
zinc availability to linseed.

Dr. A.K. Khare

S. No. Year Name of the student Title of Thesis Name of the Guide

146. 1993 Shri A.K. Pandey Utilization of major nutrients (NPK) by soybean as
influenced by soil fertility status and nutrient
applications in typic chromustert of Jabalpur

Dr. S.A. Jaipurkar

147. 1993 Shri O.P. Manker Long term effect of fertilizer applications and
continuous cropping on fertility status of soil wheat
yield and uptake of nutrients

Dr. B.R. Tembhare

148. 1993 Miss N. Idnani Effect of long term application of FYM and
nitrogenous fertilizer i n inorganic forms of nitrogen at
different growth stages of wheat crop in typic
chromustert

Dr. O.R. Turker

149. 1995 Shri Ranjan Pagnis Physicochemical properties of irrigated soils of Tawa
command area

Dr. V.S. Tomar

150. 1995 Shri Anand Vijay Dubey Studies on microbial solubilization of P in Vertisol. Dr. U.K. Vaishya
151. 1994 Shri Shiv Krishan

Tripathi
Evaluation of soil fertility status and quality of
irrigation water of JNKVV, farms of Jabalpur

Dr. G.P.Gupta

152. 1997 Shri Akhilesh Kumar
Patel

Effect of incubated rock phosphate on chickpea cicer
arietinum L.

Dr. L.N. Verma

153. 1997 Shri Rajesh Kumar
Tripathi

Effect of tillage plotting date and nitrogen levels on the
performance of sunflower in Vertisols

Dr. S.S. Tomar

154. 1997 Shri Pushpa Raj Tiwari Seed-Soil moisture relationship for germination of
Rabi crops in Vertisols

Dr. V.S. Tomar

155. 1998 Shri Padm Nabhi
Tripathi

Detailed soil survey of different sections of JNKVV
farm at Jabalpur (M.P.)

Dr. G.P. Gupta

156. 1998 Shri Vilas Patil Microbial popu lation and available plant nutrients as
influenced by various organic substrates in
decomposition studies

Dr. A.K. Rawat

157. 1999 Shri Dilip Kumar Jain Effect of Long term fertilizer and FYM application on
azotobacter population nitrifiers and their nitrogen
transformation in typic Haplusterts soil.

Dr. A.K. Khare

158. 1999 Shri Birendra Swaroop
Dwivedi

Detailed soil survey and its interpretation a case study
of villages-Bheeta, district Jabalpur

Dr. B.R. Tembhare

159. 1998 Shri Sandeep Kumar Jain Evaluation of rock phosphate acidulates to increase
phosphorus Utilization and its effect on nutrition of
summer moong.

Dr. O.R. Turkar

160. 1999 Shri Khenendra Kumar
Deshmukh

Effect of integrated nutrient management on nutrition
and yield of sunflower.

Dr. P.R.D ixit

161. 2000 Ku. Shama Siddiqui Microbial decomposition in detrital of Agroforestry
ecosystem under waste lands.

Dr. U.K. Vaishya

162. 2001 Pavan Kumar Singh Microbial survival in different depths of plough layer
during summer in typic haplustert

Dr. A.K. Rawat

163. 2002 Rajendra Singh Impact of continuous application of nutrients as soil
physical environment and nutrient status.

Dr. D.L. Kauraw

164. 2002 Gyani Datt Sharma Nutrient uptake pattern of soybean ( Glycine Max L
Merit) crop under different fertility levels in typic
Haplystert of Jabalpur

Dr. H.R. Nema

165. 2002 Shri Anant Behari
Sharma

Effect of crop residue of soil properties and
performance of wheat in rice based cropping Vertisols.

Dr. S.S. Tomar

166. 2002 Shri Jai Prakash Narayan
Trivedi

Soil survey of supla Dhamna and Marah Pipariya
villages of Narsinghpur Distt. Having pulses and oil
seeds based production system.

Dr. G.P. Gupta

167. 2003 Virendra Kumar Tomar Spatial distribution of inorganic and organic contents
of phosphorus and sulphur as influenced by long term
application of fertilizers and manure in a typic
haplustert.

Dr. P.R. Dixit
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168. 2003 Jitendra Singh Rajput Soil N balance, N economy and preponderance of blue
green alga as influenced by sources and levels of N in
Vertisol paddy.

Dr. U.K. Vaishya

169. 2003 Sunil Kumar Nayar Impact of Soil applied Zinc on its distribution in
various chemical pools and on yield, quality and
nutrition of soybean.

Dr. R.S. Khamparia

S. No. Year Name of the student Title of Thesis Name of the Guide

170. 2003 Yashvant Kumar Jharia Detailed soil survey of some pulse and oil seed
growing area in Patan Tehsil of Jabalpur District

Dr. G.P. Gupta

171. 2003 Manish Bhawsar Impact of integrated resources management on soil
health and productivity of soybean -wheat cropping
sequence

Dr. R.P. Rajput

172. 2004 Rakesh Sahu Impact of in tegrated resources management on soil
health and productivity of Rice chickpea cropping
sequence.

Dr. D.L. Kauraw

173. 2005 Rajeev Kumar Bisen Boron status in Vertisols (Typic Haplustert) of district
Damoh in M.P.

Dr. B.L. Sharma

174. 2005 Piyush Nigam Characterization of soybean rhizobia of different Agro -
climatic zones of M.P.

Dr. A.K. Rawat

175. 2005 Naveen Indoria Effect of Zinc and FYM on partitioning of Zn in Rice -
Wheat cropping system in relation to yield and
nutrition of wheat.

Dr. R.S. Khamparia

176. 2005 Bhupendra Kumar
Suryawanshi

Conjoint use of fertilizers and manures at on -off-farm
site Vis -à-vis targeted yield concept of soybean in
Vertisols

Dr. G.P. Gupta

177. 2005 Risikesh Thakur Utilization pattern of phosphorus in relation to soil
phosphorus fractions using labeled SSP ( 32P) by paddy
(Oryza Sativa L.) in Typic Haplustert

Dr. S.K. Khatik

178. 2005 Anita Thakur Isolation characterization of PGPR and their role. In
improving growth of soybean and wheat.

Dr. A.K. Rawat

179. 2006 Ku. Swati Gupta Impact of integrated inputs on production and quality
of Betelvine and soil health

Dr. D.L. Kauraw

180. 2006 Shri Suraj Kumar
Sharma

Impact of long -term continuous use of nutrients input
on their spatial distribution and microbial biomass
(C&N)

Dr. D.L. Kauraw

181. 2006 Shri Ashok Kumar
Kumhar

Contribution of applied P and Haplustert P by paddy
using SSP32 based P tracer technique.

Dr. S.K. Khatik

182. 2006 Ku. Shilpi Sharma Impact of green manuring and nitrogen levels on
nitrogen transformation and soil microbial biomass in
rice.

Dr. D.L. Kauraw

183. 2006 Shri Surendra Amrute Performance of Nutrient Management practices for
upland Rice on Black soil of Central India.

Dr. G.Puri

184. 2006 Shri Mahendra Kumar
Patidar

Molybdenum status in mixed red and Black soils and
in-site crops of M.P.

Dr. R.S. Khamparia

185. 2006 Ku. Neetu Jhod
Evaluation of PGPR isolates on growth and nutrient
uptake of soybean and wheat in Vertisols.

Dr. A.K. Rawat

186. 2006 Shri Chandra Prakash
Patidar

Evaluation of Molybdenum status and its impact on
crops in Medium Soils of Madhya Pradesh

Dr. B.L. Sharma

187. 2006 Shri Hemant Sahu Influence of inorganic phosphate supple -mentation on
symbiotic and non -symbiotic nitrogen fixation in
Gram and Wheat

Dr. N.G. Mitra

188. 2007 Shahina Tabassum Changes in or ganic and inorganic forms of nitrogen in
a Vertisol (Typic Haplustert) under soybean-wheat
system due to conjoint use of inorganic fertilizer and
organic manures.

Dr. U.K. Vaishya

189. 2007 Alpana Patel Effect of green manuring and nitrogen levels on soil
health and yield of rice.

Dr. U.K. Vaishya

190. 2007 Elvis Anup Shukla Integrated approach of remote sensing and GIS in
characterization and evaluation of land resource in
Dhamni water -shed of chandrapur District of
Maharashtra

Dr. D.L. Kauraw
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191. 2007 Avinash Singh Tomar Effect of long -term fertilizer and manure application
Carbon pools in soybean wheat cropping system in
vertisol.

Dr. D.L. Kauraw

192. 2007 Vijay Patidar Effect of Zinc enriched organic manure on yield and
nutrient uptake by wheat and availability of
Micronutrients in Vertisol.

Dr. R.S. Khamparia

S. No. Year Name of the student Title of Thesis Name of the Guide

193. 2007 Mohakam Singh Argal Field screening of indigenous carrier materials for
chickpea inoculants.

Dr. A.K. Rawat

194. 2007 Subhash Patidar Available boron status and its effect on growth yield
and quality of cauliflower (Brassica Oleracea Var
botrytis) in Vertisols of Central India.

Dr. B.L. Sharma

195. 2008 Madhori Dongare Soil microbial bio diversity under long -term
continuous application of fertilizers and manures in
Vertisol.

Dr. U.K. Vais hya

196. 2008 Neha Awasthi Variation in symbiotic effectiveness of Brady
Rhizobium Japonicum Isolates of M.P.

Dr. U.K. Vaishya

197. 2008 Rajesh Kumar Patel Persistence of imazethapyr in vertisol cropped with
soybean under long-term fertilizer experiment.

Dr. .A.K. Dwivedi

198. 2008 Vijay Jat Residual effect of Zinc and different organic manures
on yield, chemical composition of wheat and
distribution of Zinc into various pools in black soil.

Dr. B.L. Sharma

199. 2008 Ram Ratan Simaiya Bio-availability of loa d to French bean ( Phase olus
Vulgaris L.) CV con -tender as influenced by addition
of organic matter and other heavy metals in an Alfisol.

Dr. D.L. Kauraw

200. 2008 Shailendra Singh
Kaushal

Effect or organic and inorganic nutrient source on
chemist and fertility of pomegraove orchard soil.

Dr. G.P. Gupta

201. 2008 Brajesh Yadav Effect of application of Zinc with and without organic
manure on nutrient availability yield and chemist
composition of seeded rice in Vertisol.

Dr. R.S. Khamparia

202. 2008 Nilgiri Jain Soil Microbial diversity exploration of haveli fields. Dr. A.K. Rawat
203. 2008 Mukesh Patidar Interacting effect of Zn and Cd on Garlic with and

without FYM in Haplustalt .
Dr. B.L. Sharma

204. 2008 Brij Mohan Jatav Impact of continuous cropping and input resources on
yield and pattern of nutrient removal of wheat in a
typic Haplustert.

Dr. A.K. Dwivedi

205. 2008 Mr. Khomeshwar Verma Stress adoption of surviving cells and baseline toxicity
of endotoxin from bacillus thusringiensis (Hubner) to
Heliothis armigena in chickpea

Dr. N.G. Mitra

206. 2008 Mr. Sitesh Singh Impact of various nutrient inputs on aggregate
associated sulphur fractions in a Vertisol.

Dr. D.L. Kauraw

207. 2008 Ku. Sunita Tirkey Fertilizer requirement based on soil tests for garlic
(Allium Sativam L.) in Vertisols of Madhya Pradesh

Dr. G.Puri

208. 2009 Mr. Dinesh Singh
Chouhan

Fertilizer requirement based on soil tests for onion
(Allium Cepa L ) in vertisols of Madhya Pradesh

Dr. G.Puri

209. 2009 Mr. Sujaan Singh
Kushwaha

Mechanical Harvest b orne wheat residual management
effects on phosphorus stratification and transformation
in a Vertisol under soybean -wheat system.

Dr. R.S. Khamparia

210. 2009 Komal Singh Keram Assessment of soil test based fertilizer
recommendation under rice-wheat cropping of
sequence and their impact soil quality

Dr. G.Puri

211. 2009 Manish Ku. Choudhary Effect of Zn enriched cow dung on zinc use efficiency
in soybean-wheat cropping sequence in Vertisol.

Dr. P.S. Kulhare

212. 2009 Ashok Ku. Lodhi Impact of Long - term cont inuous application of
fertilizer and manure on weed incidence, nodulation
nitrogen fixation and yields of soybean in Vertisol
(Typic Haplustert)

Dr. U.K. Vaishya

213. 2009 Mukesh Kori Soybean Rhizobial population dynamics at different
growth stages under s oybean-wheat cropping sequence
in Vertisol.

Dr. A.K. Rawat

214. 2009 Adarsh Patidar Estimation of microbiological and biochemical changes
during water impounding of Vertisol.

Dr. A.K. Rawat
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215. 2009 Anil Kumar Namdev Response of wheat varieties to the graded doses of Zinc
in haplustert of Madhya Pradesh

Dr. B.L. Sharma

216. 2009 Yougesh Uike Effect of incubation of Zn with cow dung on yield and
chemical composition of soybean and Zinc availability
in Vertisols.

Dr. P.S. Kulhare

S. No. Year Name of the student Title of Thesis Name of the Guide

217. 2009 Meharban Singh Yadav Impact of fertilizers and manure on production and
quality of ashwagandha ( Withania Somnifera L.
Dunol)

Dr. A.K. Dwivedi

218. 2009 Chitransh Abhay
Shrivastav

Influence of fertilizer application with and without
FYM on the available soil nutrients and quality of
wheat under soybean-wheat cropping sequence.

Dr. B. Sachidanand

219. 2009 Vijay Kumar Bramhne Effect of inorganic organic and biofertilizer on biomass
partitioning growth nutrient uptake and productivity of
Isologol (Plant ago Vata for SK )

Dr. S.D. Sawarkar

220. 2009 Som Raj Status of micronutrients and sulphur of rice based
cropping zone of Madhya Pradesh

Dr. R.S. Khamparia

221. 2009 Sudesh Kumar Bramhne Effect of nutrient inputs and bio -fertilizer application
on yield and quality of chickpea ( Cicer Arietimum L.)
in Vertisol.

Dr. S.D. Sawarkar

222. 2010 Biharilal Dawar Effect of N ,S, Zn and MO on use efficiency of macro
nutrient in soybean

Dr. P.S. Kulhare

223. 2010 Rameshwar Prasad
Ahirwar

Efficiency of Mycorrhifal fungi Axenically mass
produced by di fferent modes of culturing with abiotic
factors phosphorus and Zinc tested on tomato.

Dr. N.G. Mitra

224. 2010 Rajnish Singh Soil health assessment of Adhartal farm under
Jawaharlal Nehru Krishi Vishwa Vidyalaya

Dr. G.Puri

225. 2010 Jagdish Bisen Evaluation of soil test methods and establishment of
critical limit of Zn for wheat in acidic soils of Balaghat
District.

Dr. B.L. Sharma

226. 2010 Madhu Singh Dewda Distribution of various forms of potassium as
influenced by long term application of fertilizer and
manure in Vertisol.

Dr. S.D. Sawarkar

227. 2010 Satendra Kumar Namdev Effect of sulphur application on performance of
soybean (Glycine Max L. Merrill) varieties under
different sowing dates

Dr. U.P.S. Bhadoria

228. 2010 Narendra Chouhan Evaluation of sulphu r status in medium black soils of
Dewas district and establishment of critical limit for
linseed.

Dr. R.S. Khamparia

229. 2010 Raghuveer Ahirwar Targeted yield concept based fertilizer
recommendation for Garlic (Allium Sativum L.) on
black soil of Madhya Pradesh

Dr. S.S. Baghel

230. 2010 Pankaj Diliwar To evaluate the soil quality of Kheri series under
Jawaharlal Nehru Krishi Vishwa Vidyalaya

Dr. G.Puri

231. 2010 Dinesh Kumar Verma Effect of N and P application on the productivity and
quality of Ashwagandha ( Withania Somnifera (L. )
Dunal)

Dr. B. Sachidanand

232. 2010 Ganesh Birla Fertilizer requirement based on soil tests for
Chandrasur ( Lepidian Satirum L.) in Vertisol of
Madhya Pradesh

Dr. G.Puri

233. 2010 Phoolchand Amule Field efficiency of brady rhizobium Japonicum strains
of various geographical areas of Madhya Pradesh on
soybean in a Vertisol.

Dr. A.K. Rawat

234. 2010 Jitendra Patidar Accumulation of Zinc in different parts of paddy
varieties as influenced by levels of Zinc application in
Vertisols

Dr. B.L. Sharma

235. 2010 Tar Singh Markam Influence of enriched bio -organics on nutrient
availability and fruit yield of tomato ( Lycopersicon
Esculentum mill)

Dr. N.G. Mitra

236. 2010 Bhupendra Kumar
Choudhary

Field efficiency of plant growth promoting
Rhizobacteria on soybean in Vertisols.

Dr. A.K. Rawat
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237. 2010 Lokesh Dubey Distribution of various forms of phosphorus as
influenced by long term application of fertilizers and
manure in Vertisol.

Dr. A.K. Dwivedi

238. 2010 Prashant R. Wasnik Effect of P and S application and weed management
techniques on yield and quality of soybean

Dr. G.S. Nayak

S. No. Year Name of the student Title of Thesis Name of the Guide

239. 2011 Abhishek Sharma Longevity of Azotobacter sp in liquid and carrier based
bio-inoculants under influence of physical an d chemist
induces and their relative Di azotropy in chilli.

Dr. N.G. Mitra

240. 2011 Jitendra Dubliya Soil health assessment of dusty acre farm under
Jawaharlal Nehru Krishi Vishwa Vidyalaya.

Dr. G.Puri

241. 2011 Surendra Karaw Field screening of B. Japonicum isolates from
various geo-graphical areas of M.P. on soybean in
Vertisols

Dr. A.K. Rawat

242. 2011 Roopchand Jatav Status of micronutrients in soil and plants of mixed red
black soils in Rewa district of Madhya Pradesh

Dr. Y.M. Sharma

243. 2011 Kunwar Dharmesh
Pratap Singh Tomar

Field evaluation of plant growth promoting
rhizobecteria strains isolated from different
rhizospheres of varying environments on soybean in
Vertisols

Dr. A.K. Rawat

244. 2011 Shashikant share Distribution of Zn po ols as influenced by long term
application of fertilizers and manure in vertisol.

Dr. S.D. Sawarkar

245. 2011 Gajanan Tukaram Yedke Effect of Zn and boron in enhancing nitrogen use
efficiency and crop productivity in maize.

Dr. P.S. Kulhare

246. 2011 Umesh Patel Influence of nitrogen levels on yield and chemical
composition of rice grown under different methods of
cultivation.

Dr. U.P.S. Bhadoria

247. 2012 Raghbendra Singh
Parihar

Impact of application of biochar as soil amendment on
heavy metal mobility and its uptake by spinach

Dr. A.K. Dwivedi

248. 2012 Virendra Kumar
Kakotiya

Influence of soil organic matter in the photo
transformation of pretilachlor, an acetanilide herbicide

Dr. Y.M. Sharma

249. 2012 Jitendra charel Field evolution of efficiency strains of Rhizobium,
PGPR and their combination on soybean in a Vertisol

Dr. A.K. Rawat

250. 2012 Mohammad Rasid Khan Impact of weed management practices on soil health
indicators in a mango orchard with and without inter
cropping

Dr. A.K. Rawat

251. 2012 Rishi Raj Khare Evaluation of cyhalofop -p-butyl leaching in soil its
effect on physicochemical properties of soil water

Dr. S.S. Baghel

252. 2012 Swati Tiwari Screening of Ricebean germplasmlines for their growth
quality and nitrogen fixing efficiently

Dr. B. Sachidanand

253. 2012 Manish Kumar Meshram Effect of integrated plant nutrient management on rice
crop through organic and inorganic sources in Vertisol.

Dr. B.S. Dwivedi

254. 2012 Shiv Kumar Kushwah Partitioning of carbon in major kharif season crops for
computing carbon sequestration potential.

Dr. A.K. Upadhyaya

255. 2012 Satya Prakesh Jaiswal Effect of soil carbon levels on carbon pools nutrient
uptake and yield of soybean ( Glycine Max (L.)
Medrill]”

Dr. A.K. Dwivedi

256. 2012 Vaishali Sharma Effect of different tr eatments of NPK on nodulation
quality and targeted yield of soybean [Glycine Max (L.)
Medrill]

Dr. B. Sachidanand

257. 2012 Kanhayalal Prajapati Assessing phytolith occluded carbon content of rice
cultivars to enhance soil carbon sequestration

Dr. N.K. Khamparia

258. 2012 Dharmendra
Vishwakarma

Effect of Zn application with and without organic
manure on transformation on of zinc in maize grown
on Vertisols.

Dr. B.L. Sharma

259. 2012 Kamlesh Birla Distribution of various forms of sulphur as influenced
by lo ng term application of fertilizers and manure in
Vertisol.

Dr. N.K. Khamparia

260. 2012 Satyabhan Kushwaha Effect of long term application of fertilizers and
manure on nitrogen fraction in a Vertisol.

Dr. S.D. Sawarkar
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261. 2012 Yogesh Sharma Effect of p hosphorus, sulphur and molybdenum in
enhancing phosphorus use efficiency and productivity
of soybean in a Vertisol

Dr. P.S. Kulhare

262. 2013 Hemlata Ahirwar Effect of different levels of Zn on yield and quality of
soybean [Glycine Max (L)]

Dr. P.S. Kulhare

S. No. Year Name of the student Title of Thesis Name of the Guide

263. 2013 Preeti Uikey Effect of different levels of Boron on soybean ( Glycine
Max L. Merill ) in a Vertisol

Dr. H.K. Rai

264. 2013 Akansha Dixit Effect of different levels of microbial preparations on
yield and quality of soybean

Dr. B. Sachidanand

265. 2013 Joytibala Rathore Effect of integrated nutrient management on targeted
yield and quality of paddy.

Dr. B. Sachidanand

266. 2013 Poonam Singh Rajput Assessing phosphorus supplying capacities of some
diverse soils under different rates of soil test based
long-term fertilization

Dr. B.L. Sharma

267. 2013 Chanchlesh
Raghuwanshi

Effect of long term fertilizers and manure on major
nutrients contents in soil plant and the crop residue of
soybean a Vertisol.

Dr. N.K. Khamparia

268. 2013 Gopal Patel Effect of wastewater irrigation on heavy metal
accumulation in soil and its removal by plants

Dr. S.D. Sawarkar

269. 2013 Kamlesh Malakar Characterization of soil resilience as affected by soil
amendments in a Vertisol.

Dr. P.S. Kulhare

270. 2013 Kalu Choudhary Characterizing rooting behaviours of chickpea (Cicer
Aretinum, L) and wheat (Triticum Astivum L.) crops
under different soil compaction levels.

Dr. A.K. Rawat

271. 2010 Pavan Singh Thakur Impact of integrated nutrient management on yield and
nutritional value of chickpea (Cicer Aretinum, L)

Dr. B. Sachidanand

272. 2013 Motilal Uikey Performance of of bio -priming of BCA and PGPR
compared to other priming methods on seed
germination behavior and fungal disease incidence in
okra.

Dr. N.G. Mitra

273. 2013 Anil Nagwanshi Evaluation of pretilachlore, penoysulxm and
purazosulfur on herbicides on persistence and yield of
paddy grown on a Vertisol.

Dr. A.K. Dwivedi

274. 2013 Rajesh Yadav Remediation of Agro-contaminants in soil plant species Dr. S.S. Baghel
275. 2013 Vinod Jatav Effect of industrial waste water on Heavy metals

accumulation in tomato ( )
grown on Vertisol.

Lyopersicum Esculentum
Shri G.S. Tagore

276. 2013 Salikram Malviya Effect of conservation agricultural practices on selected
soil physical properties and carbon pools in black soil
of Central India.

Dr. N.G. Mitra
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Scientific Instruments, Chemicals, Glasswares,
Plastic wares Molecular products and pathological items

Fisher Scientific, SRL chemicals, Hi-Media,
Polylab,Axiva, Remi, Moxcare, Reckon, JSGW, Loba chemie etc.

Deals In :-

Auth.Stockist :-

SUPRETI TRADERS
6, Methodist centre, opp.kartik hotel, napier town Jabalpur (M.P)-02
Phone 0761-2622506 ,4079506 ,9827066124,9827324077 ,9425157533

GYAN TRADERS
Pigments, Titanium dioxide, Master batch,

Plastic& Leather items, Irrigation pipes,
Press mud, Fly ash etc.

Works-94, Industrial area , Richai, Jabalpur (M.P), Mob.: 09827245053

Gyan colour & Chemicals: Manufacturer & Supplier

We can't Spell Success Without U
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Best compliments on Golden
Jubilee Celebration
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