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Preface

The Green Revolution has contributed immensely over the years in India and regis-
tered a phenomenon increase in food grains, particularly cereal production. Soil
productivity management in terms of plant nutrients and water was the central in
transforming a food deficit nation into food surplus nation. However, recently,
India is facing the second-generation challenges of Green Revolution namely, de-
cline in factor productivity, poor soil health, loss of soil organic carbon, ground
and surface water related stresses, increased incidence of pests and diseases, in-
creased cost of inputs and decline in farm profits. The decline in soil fertility/health
is primarily due to removal or burning of crop residues, reduced manuring, inten-
sive cropping, imbalanced and excessive use of fertilizers and pesticides, and sub-
soil compaction. The farmers are now facing the adverse impacts of climate change
and frequent occurrence of natural disasters such as droughts, floods, cyclones,
storms, etc. Added to this, is declining size of farms, depleting resources and esca-
lating costs of applied inputs and farm labourers that has reduced the net return
from farming. Further, the markets do not assure the farmer of remunerative returns
on his produce.

A recent study by the National Institute of Agricultural Economics and
Policy Research has shown that ~70% farmers in the country have annual per
capita income < Rs. 15,000. Moreover, ~70% farmers are marginal (<1 ha land), and
77% of them earn even a meagre income of Rs. 6,067 per capita a year. Thus, there
is an urgent need to minimise the gap between income of agriculture and non-
agriculture sector for better livelihood of the farming community, check the migra-
tion of the farmers from agriculture and secure the interest in farming and ensure
the sustainable production for food security. All these call for a paradigm shift in
agricultural planning if farming has to be made sustainably profitable. This is rather
challenging and requires larger efficiency and productivity of soil and water and
other natural and applied inputs along with investments. The call given by Hon’ble
Prime Minister to double the farmers’ income by 2022 is the right prospective in
this direction. The strategy revolves around raising farmers’ welfare and vanish
agrarian distress by doubling farmers’ income using comprehensive production
and marketing strategy based on knowledge intensive farming, agri-business ap-
proach, modern value chains, high level of diversification through public and pri-
vate sector initiatives.

Achieving this goal would require significantly faster growth in nearly all
variables that positively impact farmers’ incomes. The NITI Aayog, in its action
plan for 2017-18 to 2019-20, has identified critical areas and recommendations nec-
essary to sustain and accelerate agricultural growth in the country.

However, the challenge is how to increase food production over next two
decades without deteriorating the soil and water resources which are already under
great stress. Also, to translate higher productivity growth into an income level
adequate to sustain a farm household. Considering the current challenges of factor



productivity growth decline, depleting natural resources, increasing cost of inputs,
higher incidence of diseases and pests, higher cost of inputs, less profit to farmers
and above all the adverse impact of climate change, the task of increasing income,
especially a large per cent of small and marginal farmers, would require technolo-
gies by which they can save cost on inputs and have more income by higher
productivity and by linking themselves to markets. Strategy to double the income
would require sustainable intensification, diversification, improved resource use
efficiency and resilience in farming that is economically rewarding.

To address the above mentioned issues, the Indian Society of Soil Science
(ISSS) organized a special symposium on “Soil Nutrients and Water Management
Interventions towards the Doubling Farmers’ Income” on 12 December 2018 as a
part of its 82" Annual Convention of the Indian Society of Soil Science at Amity
University, Kolkata. A Committee constituted under the Chairmanship of Dr. Dr.
S.K. Chaudhari, ADG (SWM), ICAR, New Delhi developed the detailed structure of
the symposium. In a session of 2% hour on the forenoon of 12 December 2018, the
special symposium was held with five important topics namely, (a) Soil and nutrient
management innovations for doubling farmers’ income [Speakers: S.K. Chaudhari,
ADG (SWM), ICAR, New Delhi, and A K. Patra, Director, [CAR-Indian Institute of
Soil Science, Bhopal]; (b) Water management and conservation innovations for
doubling farmers’ income [Speaker: Gopal Kumar on behalf of P.K. Mishra, Direc-
tor, ICAR-Indian Institute of Soil and Water Conservation, Dehradun]; (c) Innova-
tions for climate-resilient agriculture [Speaker:H. Pathak, Director, National Rice
Research Institute, Cuttack]; (d) Integrated farming systems: A viable option for
doubling farm income of small and marginal farmers [Speaker: Dr. N. Ravisankar,
Principal Scientist, [CAR-Indian Institute of Farming Systems Research Modipuram];
and (e) Government initiatives and policies for doubling farmers’ income
[Speaker:J.P. Mishra, Adviser (Agri/Land Resources/Food Processing), NITI
Aayog, National Institution for Transforming India, Government of India, New
Delhi]. The session was chaired by Dr. Tapas Bhattacharyya, Vice Chancellor, Dr.
Balasaheb Sawant Konkan Krishi Vidypeeth, Dapoli, and co-chaired by Dr. S.K.
Chaudhari, ADG (SWM), ICAR, New Delhi. Grateful thanks are placed on record to
all the Speakers, Chairperson, Co-Chairperson and Convener for successful organi-
zation of the symposium.

This bulletin is a complete treatise on soil nutrients and water management
interventions towards doubling farmers’ income with special emphasis on soil health
and their management, efficient water management, climate change, integrated farm-
ing systems, technological advancements and Government initiatives for enhanc-
ing crop production in India. Efforts made by all the authors in collating, synthesiz-
ing and presenting the information are gratefully acknowledged. It is hoped that
this bulletin will act as the reference and base material for those engaged in re-
search for sustainable management of soil, water, fertilizers, and climate change and
its mitigation options for crop production in India.

5" November 2018 Dipak Ranjan Biswas
New Delhi Secretary
Indian Society of Soil Science
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Soil and Nutrient Management Innovations
for Doubling Farmers’ Income

S.K. Chaudhari', A.K. Patra?, D.R. Biswas’, K.M. Hati2,
Pramod Jha? and M. Vassanda Coumar?

Today India is not only self-sufficient in respect of demand for food but also a net
exporter of agri-products occupying 7™ position globally. It is one of the top producers of
cereals (wheat and rice), pulses, fruits, vegetables, milk, meat and marine fish. India now
ranks 2™ world wide in farm output and is the world’s largest producer of fresh fruits and
vegetables, milk, major spices, various crops such as jute, staples such as millets and
castor oil seed. It is also the second largest producer of wheat and rice (Dhawan 2017).
Agriculture and allied sectors like forestry and fisheries accounted 13.7% of the GDP
(Gross Domestic Production) in 2013 but employed 50% of the workforce. The Green
Revolution during the sixties not only led to food self-sufficiency for the country but also
helped to reduce the poverty and hunger. Despite five-fold increase in food grains pro-
duction, as against a four-fold increase in population, India still have around 250 million
people who live in poverty and about 45 million children below five years of age who are
malnourished. Moreover, after 50 years of Green Revolution, the country is also facing
the second-generation challenges like decline in the factor productivity, poor soil health,
loss of soil organic carbon (SOC), ground and surface water pollution, water related
stress, increased incidence of pests and diseases, increased cost of inputs, decline in farm
profits and the adverse impact of climate change (Paroda 2018). In many parts of the
country, decline in soil fertility/health is due to removal or burning of crop residues,
reduced manuring, intensive cropping, imbalanced and excessive applications of fertilizers
and pesticides, and sub-plough soil compaction.

It is often argued that Green Revolution mainly helped the country to achieve
national level food self-sufficiency, whereas it seemed to have ignored the majority
(almost 86%) of smallholder farmers having less than 2 ha land. The average land holding
is around 1.1 ha, whereas many have much less than even 1.0 ha which is not sustainable
for a farm family. Further, besides the second-generation problems of Green Revolution,
farmers are now faced with twin global challenges: i) global climate change, and 1ii)
globalization of agriculture. Climate change is the beginning to challenge the farmer’s
ability to adopt, coping and adaptation measures that are warranted. India’s yield averages

'Indian Council of Agricultural Research, KAB-II, IARI Campus, New Delhi, 110012

2ICAR-Indian Institute of Soil Science, Bhopal, 462038, Madhya Pradesh

3Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New
Delhi, 110012
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for most crops at global level do not compare favourably due to technology fatigue which
manifested in the form of yield plateaus. In addition, the markets also do not assure the
farmer of remunerative returns on his produce. Besides this, agrarian distress also comes
from frequent occurrence of natural disasters such as droughts, floods, cyclones, storms,
etc. In case of most farmers who lead subsistence existence, such disasters can cause
extreme distress and hardship. Hence, sustainability of agricultural growth faces serious
doubt, and agrarian challenge even in the midst of surpluses has emerged as a core
concern. Thus, to make farming profitable, these farmers do require both new technolo-
gies that can save cost on agricultural inputs, while increasing productivity, and the policy
support forgetting credit at low interest and also higher income by linking them directly to
the markets.

THREATS TO FUTURE FoOD SECURITY AND LIVELIHOOD IN INDIA

Food security is the most important factor that determines the survival of human
kind. Without food security, a nation cannot expect better life for its people. The green
revolution witnessed in late 1960s has contributed immensely over the years to cereal
production in India and hence a substantial increase in the net per capita availability of
food grains was registered. This has led to a nationwide sense of complacency that, in a
way, slowed down the growth rate in agricultural production during 1990s, while the
population continued to grow at a high rate. The net result was a decline in the per capita
food grain availability in the terminal decade of 20" Century. Even with present level of
production, there is enough food in the country to meet energy and protein requirements
of the current population, if the food were distributed equitably according to needs. But as
we see, surplus production and widespread hunger coexist at the national level. Major
threats to the food security and livelihood in India comes from the growing population,
declining land to man ration and size of farm holdings, declining soil health and conse-
quently a decrease in total factor productivity.

The total factor productivity (TFP) is used as an important measure to evaluate the
performance of a production system and sustainability of its growth pattern. As stated
earlier, adoption of green revolution technology led to a phenomenal growth in agricultural
production during 1970s and 1980s. But of late, there are signs of fatigue in the agricul-
tural growth process. In spite of continued growth of inputs, there has been no matching
growth in agricultural production during recent past, indicating a decrease in TFP. The
declining trends of annual growth rate of productivity in respect of all major crops are
also suggestive of decreasing TFP in Indian agriculture. If this trend is allowed to
continue, it will spell doom on the country’s future food security prospects. Reasons for
decreasing the total factor productivity are: (1) High nutrient turn over in soil-plant
system coupled with low and imbalanced fertilizer use; (2) Emerging deficiencies of
micro and secondary nutrients (S, Zn, B, Fe, Mn, etc.); (3) Soil degradation due to
acidification, aluminum toxicity, soil salinization and alkalization, soil erosion, soil pollu-
tion; (4) Wide nutrient gap between nutrient demand and supply; (5) Nutrient leaching and
fixation of nutrient; and (5) Decline in soil organic matter status and consequent deteriora-
tion in soil physical, biological and chemical quality and low fertilizer use efficiency.
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CONSTRAINTS IN AGRICULTURE

Foremost concern facing the agriculture sector is scarcity of water in light of
increasing demand for industrial and drinking purposes which substantially reduces the
share of available water resources to this sector. The irrigation infrastructure in the
country includes a network of canals from rivers, ground water, well based systems,
tanks and other rain water harvesting products for agriculture activities. Out of the 143
million ha (Mha) of cultivated land in India, 39 Mha is irrigated by ground water, 22 Mha
is irrigated through canals. However, about two-third areas under cultivation in India are
still depending on monsoon (Dhawan 2017). Food crops occupy 69% of the irrigated
area, the remaining 31% being under non-food crops. To meet the demand of growing
population an efficient use of water will be of key importance. Judicious and efficient
water use in rainfed agriculture has the potential to feed the growing population. There-
fore, it is essential to find out appropriate water management techniques to produce more
from per units of water and enhance the farm income.

Removal or burning of crop residues, reduced manuring, intensive cropping,
imbalanced and excessive applications of fertilizers and pesticides, and sub-plow soil
compaction result in a decline in soil fertility in many parts of the country. Desertification
and land degradation that stem from the indiscriminate and excessive use of fertilizers,
insecticides and pesticides over the years also pose major threats to agriculture in the
country. Additionally, inappropriate use of agro-chemicals is a major source of water
pollution. Excessive removal of nutrients by crops and their inadequate replenishment
resulted in soil fertility deterioration which is considered to be one of the major con-
straints in attaining and sustaining higher productivity. As a consequence of excessive
nutrient mining, widespread deficiencies of at least six nutrients viz., nitrogen (N), phos-
phorus (P), potassium (K), sulphur (S), zinc (Zn) and boron (B) have been recorded in
Indian soils (Dwivedi 2014). Unless plant nutrients are supplied in adequate quantities and
balanced proportions, there will be much greater drain of native nutrients and the soil may
not be able to support high yield, anymore in the times to come. There are adequate
evidences to support that, (i) crop nutrient demands could not be solely met through
fertilizers, as an estimated annual gap of about 10 million tonnes (Mt) exists between
nutrient removal and supply through fertilizers, and (ii) integrated nutrient supply through
conjoint use of fertilizers and other nutrient sources of organic and biological origin is the
best nutrient management strategy. Nonetheless, fertilizers remained major nutrient supple-
ments in past half-century, and would continue to be so in the foreseeable future. Hence,
fertilizer policies are inseparably linked with nutrient management, and any change brought
in the former is likely to affect not only the rate and proportion of fertilizer input, but also
nutrient use efficiency and overall economic returns.

NEED FOR DOUBLING FARMERS INCOME

Today, around 138 million Indian farmers’ main concern is about declining farm
income on the one hand and the increasing cost of inputs on the other. A recent study by
the National Institute of Agricultural Economics and Policy Research (NIAP) has shown
that around 70% farmers in the country have annual per capita income less than !
15,000. Birthal et al. (2017) have further analyzed the situation and found that their
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geographical distribution is widespread, but mostly concentrated in Uttar Pradesh (27.4%),
Bihar (11.4%), West Bengal (9.9%), Odisha (6.3%), Rajasthan (5.8%), Madhya Pradesh
(5.3%), Maharashtra (4.9%), Assam (3.9%) and Jharkhand (3.2%). Most of these states
lack the required infrastructure for agricultural income growth. Moreover, around 70%
farmers are marginal (owning less than one hectare), and 77% of them earn even a
meagre income of ' 6,067 per capita a year. Thus, there is an urgent need to minimize the
gap between income of agriculture and non-agriculture sector for better livelihood of the
farming community, check the migration of the farmers from agriculture and secure the
interest in farming and ensure the sustainable production for food security. Accordingly,
the distress of small and marginal farmers has drawn specific attention of policy makers
lately. The Hon’ble Prime Minister, considering this as a national priority, rightly called
for doubling the farmers’ income by 2022. Achieving this goal would require significantly
faster growth in nearly all variables that positively impact farmers’ incomes. The NITI
Aayog, in its action plan for 2017-18 to 2019-20 has identified critical areas and recom-
mendations necessary to sustain and accelerate agricultural growth in the country (Anony-
mous 2017). However, the challenge is how to increase food production over next two
decades without jeopardizing the soil and water resources which are already under great
stress. Also, to translate higher productivity growth into an income level adequate to
sustain a farm household. It has come out very clearly that mere increase in production of
crops is not enough unless there is reasonable return to the farmers.

OpPTIONS FOR DOUBLING FARMER’S INCOME

Considering the current challenges of factor productivity growth decline, depleting
natural resources, increasing cost of inputs, higher incidence of diseases and pests, higher
cost of inputs, less profit to farmers and above all the adverse impact of climate change,
the task of increasing income, especially a large per cent of small and marginal farmers
(Govt. of India 2018), would require technologies by which they can save cost on inputs
and have more income by higher productivity and by linking themselves to markets.
Obviously, therefore, the strategy to double the income would require sustainable intensi-
fication, diversification, improved resource use efficiency and resilience in farming that is
economically rewarding. In this regard, the following multi-pronged strategy needs to be
pursued seriously:

e Improving both productivity and production efficiency.

e Agricultural diversification: Diversification of agricultural livelihoods through agri-
allied sectors such as animal husbandry, forestry and fisheries will enhance livelihood
opportunities, strengthen resilience and lead to considerable increase in labour force
participation in this sector.

e  Reduction in post-harvest losses: Wastages of high value produces likes fruits, veg-
etables, fish, etc. need to be reduced by creating storage, cold chain, and market
infrastructure and can be achieved through increasing investment in warehouses and
food processing.

e Policy support and linking farmers to market: This can be achieved through increas-
ing funding support, market reforms, insurance coverage, and appropriation of mini-
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mum support price for agricultural produces not restricted to food grains only and
linking farmers to market.

STRATEGIES FOR IMPROVING PRODUCTIVITY AND PRODUCTION EFFICIENCY

Efforts to restore productivity of soils must be coupled with other measures that
affect the land use practices particularly water and nutrient management. Doubling the
farm income could be possible only by means integrated approach of enhancing the
income and reducing the cost of production. Extensive research on soil management for
enhancing factor productivity and net returns has been done in recent past. Most of the
works emphasized the need of site specific and integrated management strategies for
higher net returns from agricultural systems. Recycling of farm wastes minimizes the
cost of inputs and degradation of soil quality and maximizes the profit. In recent past
sensor-based input management, conservation agriculture, use of bio-inoculants and nano-
technologies were found more effective soil management tools for enhancing farm in-
come.

According to the comprehensive assessment on water management in agriculture,
improving rainfed farming could double or quadruple yield. One main reason why yield
gaps exist is that farmers do not have sufficient economic incentives to adopt yield
enhancing seeds or cropping techniques. Other reasons include lack of access to informa-
tion, extension services and technical skills. Poor infrastructure, weak institutions and
discouraging farm policies can also create huge obstacles to the adoption of improved
technologies at farm-level (Tomar 2017). Loss of productive soil is another concern and
about 6000 to 12000 Mt of top soil is washed away every year which carry nearly 5.6 to
8.4 Mt of nutrients mainly because of faulty management of soil and water resources.
Emphasis on application of major nutrients has triggered widespread deficiencies of
secondary and micronutrients like S (41%), Zn (49%) and B (33%) with other micronu-
trients e.g. iron (Fe), copper (Cu), manganese (Mn), molybdenum (Mo) deficiencies are
on the rise (Singh 2009). Under this scenario country achieved commendable position in
food production but farming itself turned non-profitable overtime due to diminishing soil
health and crop productivity, rising costs of production and shrinking natural resources.

a. Bridging the Yield Gap

India’s cropped area has been stagnant around 143 Mha for over the last few
decades, net irrigated area is currently about 65.3 Mha and the gross cropped area is 195
Mha with a cropping intensity of 135%. Since there is no scope for horizontal expansion
any more, vertical expansion through increased productivity is the only way forward, for
which considerable scope exists. Some states have productivity less than National aver-
age, whereas some states can achieve yet higher productivity in view of rich resources
and availability of technological options. The existing yield gaps can also be bridged by
increasing seed replacement rates/the area under seeds of improved varieties and espe-
cially hybrids, by adopting large scale use of biotechnology, including the use of geneti-
cally modified (GM) food crops and by adopting good agronomic practices, that are
based on natural resource conservation, and both water and nutrient use efficiency.
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b. Scaling Innovations

There are some major innovations that currently need to be outscaled as a matter of
priority, keeping in view the expected impacts on production and productivity. Some of
them are: i) hybrid rice- the current area coverage (over the last two decades) is only
around 2.0 m ha, whereas scope exists for covering at least 10.0 Mha in next one decade;
i1) single cross maize hybrids - the area covered under these hybrids presently is less than
60%, whereas, scope exists to double the maize production in next decade provided
>90% of maize area is brought under promising single cross hybrids. Besides this conser-
vation agriculture innovations also has vast scope under rainfed farming covering around
55% of the total 141.0 Mha cultivable area in India, protected cultivation - the current
area under protected cultivation in India is only around 50,000 ha, compared to >2.0 Mha
in China, micro-irrigation - out of total irrigated area of 64.7 Mha, the area so far covered
under micro-irrigation is around 8.6 m ha only, which can certainly be doubled by 2022
through adopting practices such as: drip, sprinkler, laser levelling, plastic mulching,
raised-bed planting, direct seeding of rice etc, wide scale adoption of soil test based
nutrient application, site-specific nutrient management (Paroda 2018).

¢. Managing soil related constraints for attaining higher crop productivity

Soil related constraints affecting crop production influences the input use efficiency
of crops and thus affects economics of crop production. For example, liming of acid
soils with calcite, dolomite or paper mill sludge improves the phosphorus use efficiency.
Similarly, amelioration of alkali and saline-alkali soils with gypsum helps in improving
nutrient use efficiency. Similarly, physical constraints like sub-soil compaction ameliora-
tion using appropriate tillage practices improves the nutrient use efficiency. A constraint
free soil environment is very important for achieving higher food production. The major
soil constraints and their alleviation options available for increasing crop productivity in
India are discussed in details in the following section.

A) Soil chemical constraints

Major soil chemical constraints are salinity, sodicity, acidity and nutrient particularly
iron and aluminium toxicities.

(1) Saline soil: Saline soils are characterised by higher amount of water soluble salt, due
to which the crop growth is affected. These soils can be reclaimed through:

e In addition to lowering down the water table depth through subsurface drainage,
and leaching of soluble salts, application of fertilizers is necessary.

e After reclamation, application of farm yard manure at 5 t ha' at 10-15 days
before sowing alleviates the problems of salinity.

(i1) Seodic soils: Sodic soils are characterised by the predominance of sodium in the
complex with the exchangeable sodium percentage (ESP) exceeding 15 and the pH
more than 8.5. These soils can be reclaimed through
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e Plough the soil at optimum soil moisture regime and apply gypsum based on
gypsum requirement.

e Impound water and create provision for drainage to leach out the soluble salts.

e Nitrogen is the major limiting nutrient in alkali soils. P and K fertilization are not
required in the initial years of reclamation.

e ZnSO, application 10-15 kgha' to rice has been found very beneficial in these
soils and application FYM @ 10 t ha! or in-situ incorporation of green manure at
5 t ha'to rice crop under rice-wheat cropping system improves fertilizer use
efficiency.

(iii) Acid soils: Soil acidity is one of the most yield-limiting factors for crop production.
In India approximately one-third of the cultivated land is affected by soil acidity. Acid
soils particularly acidic upland is the main area of production of pulses, oilseeds and
coarse cereals. Acid soils are characteristically low in pH (< 6.0). Predominance of
H* and Al** cause acidity resulting in deficiency of P, K, Ca, Mg, Mo and B. Acidity
of soil reduces crop production by deteriorating soil health and negative effect on
plant system. Amelioration of acid soils can be achieved through:

e Application of lime as per the lime requirement test uniformly by broadcast and
incorporation is recommended.

e The alternate amendments like dolomite, basic slag, flue dust, wood ash, pulp mill
lime may also be used on lime equivalent basis.

B) Soil physical constraints

In India, millions of hectares of land in both irrigated and rainfed ecologies produce
very low crop yields and low efficiency of nutrients due to unfavourable soil physical
conditions. Improving soil health under such conditions is crucial for sustainably increas-
ing crop productivity and nutrient use efficiency. The major soil physical constraints
prevalent in different parts of the country are low water retention and high permeability,
slow permeability, surface and subsurface mechanical impedance and shallow depth of
the soils, which either restrict crop growth or reduce efficiency of basic inputs, such as
water, fertilizer efc. (Table 1 ). Some of the soils with physical constraints are as follows:

Table 1. Emerging soil physical constrains and area affected in India.

Physical constraints Area (Mha) Main states affected

Shallow depth 26.40 AP, Maharashtra, WB, Kerala, Gujarat

Soil hardening 21.57 AP, Maharashtra, Bihar

High permeability 13.75 Rajasthan, WB, Gujarat, Punjab, TN

Sub-surface hardpan 11.31 Maharashtra, Punjab, Bihar, Rajasthan, WB, TN
Surface crusting 10.25 Haryana, Punjab, WB, Odisha, Gujarat

Temporary water-logging 6.24 MP, Maharashtra, Punjab, Gujarat, Kerala, Odisha

Source: Indoria et al. (2017)
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Hard setting soil: Rapid and irreversible hardening of red ‘chalka’ soils upon drying
is a major constraint in crop production. Addition of slow decomposing residues like
rice husk, coir pith, powdered groundnut shell etc. followed by appropriate tillage
reduces the adverse effect (Painful and Yadav 1998). The efficiency of various
amendments at different rates was evaluated for major crops and their efficiency was
found in the order: FYM @ 10 t ha! > coir pith @ 20 t ha' > powdered groundnut
shell @ 5 t ha! > gypsum @ 4 t ha! > rice husk @ 5 t ha! (Nagarajarao and Gupta
1996).

Hard pan soils: Hard pan occurs in red soil areas below 15 cm depth due to the
movement of clay and iron hydroxides and settling at shallow depth, preventing the
root proliferation. The sub-soil hard pans are characterized by high bulk density (1.8
g m?), which in turn lowers infiltration, water storage capacity, available water and
movement of air and nutrients, with concomitant adverse effect on the yield of
crops. Reclamation of these soils can be achieved through:

e Chiselling the soils with chisel plough at 0.5 m interval first in one direction and
then in the direction perpendicular to the previous one, once in three years will
shatters the hard pan up to 45 cm depth.

e In clay loam rainfed soils where hard pan is formed, chisel ploughing one way at
a depth of 40-50 cm with 50 cm interval once in three years increases the root
proliferation and soil moisture retention thereby increases crop yield particularly
cotton yield.

e Application of FYM or composted coir pith at 12.5 t ha! could bring additional
yield apart from getting longer residual effect. The broken hard pan and incorpo-
ration of manures make the soil to conserve more moisture.

e Construction of ridges will increase the rooting volume above the compacted
layer.

(iv) Fluffy rice soils: They are characterised by low bulk density of the topsoil resulting

)

in the sinking of farm animals and labourers as well as poor anchorage to rice
seedlings. Such soils can be reclaimed by, passing of 400 kg stone roller or oil drum
with sand inside eight times when the soil is in semi dry condition along with addition
of lime @ 2 t ha! once in three years.

Crusting soils: The soils having weakly aggregated soil structure are easily broken
by the impact of rain drops resulting in the formation of clay crust at the soil
surface. The clay pan prevents the emerging seedlings and arrests the free exchange
of gases between the soil and atmosphere.

e The surface crust can be easily broken by harrowing or cultivator ploughing.

e Surface crust formation can be prevented by improving the aggregate stability by
the application of lime or gypsum at 2 t ha! and FYM at 12.5 t ha'.

e Retaining crop residues on the surface as a protective cover.

e Application of FYM @ 3 t ha'! or chopped wheat straw (bhusa) on the seeded
rows immediately after sowing (Seed line mulch technology). This prevents disin-
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tegration of aggregates and dispersion of soil and maintains higher soil water in
the crusted top soil.

(vi) Highly permeable soil: Light textured laterite and fluffy soils show high permeabil-
ity, which causes losses of water and nutrients. Reclamation of these soils can be
achieved through

e Application of tank silt or black soil at25 t ha' per year along with FYM,
composted coir pith or press mud at 25 t ha™.

e Deep ploughing the field with mould board plough or disc plough during summer
to improve the water holding capacity of the soil.

(vii) Heavy textured clay soils: The clay soils are containing major amounts of clay
fraction resulting in the poor permeability and nutrient fixation. Such soils can be
reclaimed by addition of river sand at 100 t ha!. Also deep ploughing the field with
mould board plough or disc plough during summer will enhance the infiltration and
percolation.

(viii) Low permeable black soils: The slowly permeable soils occur in Madhya Pradesh,
Maharashtra and also in parts of Rajasthan, Uttar Pradesh, Bihar and Tamil Nadu.
The very low permeability, creates oxygen stress in the root zone due to stagnation
of water. The prevailing anaerobic conditions cause the accumulation of carbon
dioxide and other by-products in this zone which restrict the root growth. These
black clay soils are sticky when wet and very hard when dry, thus could be
cultivated or tilled only within a limited soil moisture range. Soil constraints can be
alleviated through:

e Various tillage and land form treatments in black soils of high rainfall areas to
avoid water-logging during rainy season like, Ridges and furrow, Broad bed and
furrow, Raised and sunken beds of different widths (Figure 1 and Table 2).

e Deep ploughing the field with mould board plough or disc plough during summer
enhances the infiltration and percolation.

e Application of FYM, composted coir pith or pressmud at 25 t ha'! yr' will im-
prove the physical properties and internal drainage of the soil

e Application of 100 cart loads of red loam soil.

Fig. 1. Broad bed furrow system for managing waterlogging problem in low permeable black soil.
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Table 2. Promising technologies developed for slowly permeable soils for improving crop productivity.

Technologies Location Crop Increase in
yield (%)
Ridge and furrow Jabalpur Sorghum 27.2
Parbhani Soybean 14.9
Sorghum 17.3
Broad bed and furrow Parbhani Sorghum 25.2
Greengram 18.3
Raised bed sunken bed (9-6m) Jabalpur(1330mm rainfall) Sorghum 112.2
Rice 136.4
Raised bed and sunken bed (1.5-3m) Parbhani(830 mm rainfall) Rice 384
Sorghum 55.2

(ix) Shallow soils: Insufficient soil volume limits root growth and supply of water and
nutrients to the crop in required amount. Construction of 10 cm high ridge on shallow
soils of depth ranging from 15 to 35 cm was found beneficial for root growth.
Addition of clay or rice husk further improves the physical condition and crop
growth. In the sloppy red soils of Andhra Pradesh farmers face the twin problems of
shallow depth and erosion. Formation of ridges and furrow on contour along with
khus (vertiver) barrier at a vertical interval of 1 m reduced runoff and soil loss by 88
and 92 per cent, respectively. This also helps in maximum moisture retention during
crop growth and higher crop yields.

d. Increasing Nutrient-Use Efficiency

One of the reasons of higher productivity in irrigated areas had been the increased
use of chemical fertilizers. Today, India uses, on an average, around 105 kg ha' of
nutrients and total consumption of chemical fertilizers is around 32 Mt, of which nitrog-
enous fertilizers is around 25 Mt. On the contrary, the nutrient-use efficiency (NUE) is
not more than 30%. Thus, increasing the fertilizer-use efficiency is one of the biggest
challenges for which there is need to adopt innovative ways like use of seed-cum-fertilizer
drill, adopting effective use of soil testing/ soil health cards and the decision support
systems for soil/plant test-based use of nutrients, use of neem coated urea for slow
release and better uptake, use of customized fertilizers, fertigation, etc. Neem oil coating
of urea to the extent of 20% of total production was introduced in 2010, and then up to
35% in 2011. From the year 2015, neem oil coating has been made mandatory for 100%
of the indigenous urea production. This policy reform is likely to have far reaching
positive effect on N management, as the advantage of neem oil coating on N use effi-
ciency is well-documented. Besides, neem coating would also prevent any possible misuse
of urea for industrial or non-agricultural purposes. New Urea Policy-2015, New Invest-
ment Policy (NIP)-2012, promotion of water soluble fertilizers and customized fertilizers,
and coating/fortification with secondary and micronutrients are other important policies
that directly or indirectly affect nutrient management in the country (Dwivedi et al.
2015).
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The utilization of nutrients can be improved by optimum and synergistic interaction
with other inputs viz., water, tillage and mulches. These inputs modify the physical,
chemical and biological environment of soil, which influence the nutrient recovery by
crop plants. Water is a key element to influence transformation, transport and absorption
of nutrients in soil plant system. Water and nutrients exhibit strong synergistic interaction
for their effect in crop growth and yield. Significant and positive interaction between
applied N and water supply was observed on wheat yield and water and nutrient use
efficiency by wheat (Bhale ez al. 2009). With 80 kg N ha'!, N use efficiency increased up
to 300 mm water supply in sandy loam soil. Interestingly, with 120 kg ha, it did not
increase when water supply was increased from 50 mm to 125 mm but increased
markedly when water supply was further increased to 300 mm (Table 3). This implied
that the balance between these two inputs influenced input use efficiency.

Table 3. Nitrogen and irrigation effects on water use efficiency (kg mm™) and nitrogen use efficiency (kg
grain/kg fertilizer N) in sandy loam soil

Irrigation WUE NUE
(mm) N rate (kg ha'') N rate (kg ha')

0 40 80 120 40 80 120
0 5.3 7.6 8.1 6.0 8.5 5.5 1.5
50 6.3 9.5 11.3 13.3 20.2 18.4 17.8
125 5.7 10.3 11.9 11.8 33.2 25.5 17.0
300 4.6 7.4 9.5 10.2 30.2 30.3 24.7

Source: Bhale and Wanjari (2009)

Application irrigation and nutrient in conjunction through pressure irrigation system
result in more efficient utilization of both the resources. This will save water as well as
reduces nutrient leaching losses and thereby increased WUE as well as NUE. This will
increase the yield and quality of crops. There is saving of water and nutrient to the extent
of 35 and 22 per cent, respectively. In arid and semi-arid environments in well drained
soils, crops generally suffer from water and thermal stress. In these areas, post sowing
residue mulching has been found to increase nutrient use efficiency by modifying hydro-
thermal regime, which enhanced mineralization of N and promoted root growth. Straw
mulching of corn on a sandy loam soil increased the dry forage yield by 13 per cent. It
was because of increase in N and P uptake by 43 and 13 per cent, respectively (Chaudhari
and Sikka 2015).

e. Sustaining soil health and improving crop productivity

(i) Balanced and integrated nutrient management strategies for sustainable food security
and livelihood

Knowledge gaps in IPNS management between scientists and farmers remain a
major factor in the complex dynamics of soil-plant nutrient management to effectively
sustain the balance between soil nutrient reserves with actual plant nutrient uptake and
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nutrient export or removal from the farm. In long-term, continuous use of high analysis
fertilizers under intensive agricultural system led degradation to soil health mainly because
of excess mining of essential plant nutrients which necessitates relooking the production
system in terms of soil health for sustaining the productivity and monetary returns. It has
been evidenced that nutrients use efficiency declining continuously in-spite of technologi-
cal advancements under intensive system. Prior to the discovery of inorganic fertilizers in
the 19" century, soil fertility and nutrient supply were maintained by recycling of organic
matter to the soil and through suitable rotations. Effective nutrient management practices
have been developed, but in most of the cases farmers are not following the recommenda-
tions mainly because of poor awareness about soil test-based nutrients application. The
apparent impact of imbalanced application of inorganic fertilizers in intensive cropping
system has been reflected in terms of emerging and spreading of multi-nutrients deficien-
cies in soil. Therefore, a holistic approach of integrated nutrient management (INM) by
the application of balanced nutrients amalgamated through inorganic and organic sources
needs to be considered as a key for managing soil health and its sustainability to reverse
the trend of yield decline and fiscal losses. It will improve the soil health, sustainability
and at the same time also enhance the inputs (nutrient and water) use efficiency and
system’s profitability. Therefore, integration of manures, crop residues and biofertilizers
etc. with inorganic fertilizers could be the key for managing soil health and sustainability.
Substituting nitrogen through FYM or green manures and use of biofertilizers along with
inorganic fertilizers not only improve the productivity and soil health but also reduces the
cost of nutrients. Further, coupling the soil health card programme with INM has poten-
tial to increase the farmer’s income by saving the cost of nutrients and increasing
productivity in sustainable ways (Srinivasrao and Gopinath 2016).

Long-term studies being carried out under all Indian Coordinated Research Project
have indicated that it is possible to substitute a part of fertilizer N needs of kharif crop by
FYM without any adverse effect on the total productivity of the system in major cropping
systems such as rice-rice, rice-wheat, maize-wheat, sorghum-wheat, pearl millet-wheat,
maize-wheat and rice-maize. Sustainable yield index (SYI) of maize-wheat cropping sys-
tem after 27 years at Ranchi was the highest with integrated use of 100% NPK and FYM
(Table 4). Organic manures alone cannot supply sufficient P for optimum crop growth
because of limited availability and low P concentration. However, organic manures are

Table 4. Effect of INM on sustainable yield index (SYI) in maize-wheat system after 27 years at Ranchi

(Average of 27 years)
Treatment Grain yield (t ha') SYI
Maize Wheat Maize Wheat

100% NPK 0.80 1.70 0.07 0.14
100% NP 0.55 1.20 - -
100% N 0.11 0.12 - -
100% NPK+FYM 2.80 2.50 0.30 0.23
No Fertilizer 0.50 0.76 0.06 0.09

Source: Swarup (2002)
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known to decrease P adsorption/fixation and enhance P availability in P-fixing soils.
Organic anions formed during the decomposition of organic inputs can compete with P
for the same sorption sites and thereby increase P availability in soil and improve utiliza-
tion by crops. Reddy et al. (1999) observed higher apparent P recovery by soybean-
wheat system on Vertisol with a combination of fertilizer P and manure.

(ii) Biofertilizers in INM under intensive systems

Study conducted by AICRP on LTFE revealed that the INM module in soybean has
resulted 20-25 per cent increase in seed yield over farmers’ practices (FP). It is cultivated
in 903 thousand hectares in Bhopal, Sehore, Vidisha, Rajgarh, and Raisan districts and
thus would fetch additional income of Rs. 586 crores from these districts benefiting about
13 lakh farm holdings. Similarly, the IPNS module in wheat has potential to increase the
income of farmers in these districts by Rs. 444 crores (Table 5). Several studies have
concluded that continuous application of biofertilizers improves soil quality, sustainability
and minimizes cost of nutrient input hence provides better income to the farmers. Use of
biofertilizers is one of the important components of INM, as they are cost effective and
renewable source of plant nutrients to supplement the chemical fertilizers for sustainable
agriculture. Several microorganisms and their association with crop plants are being
exploited in the production of biofertilizers. A number of microorganisms are considered
as beneficial for agriculture and used as biofertilizers viz., Rhizobium, Azotobacter,
Azospirillum, Cyanobacteria, Azolla, phosphate and potassium solubilizing microorgan-
isms. Silicate solubilizing bacteria, plant growth promoting rhizobacteria and these are also
available as biofertilizers (Basak and Biswas 2009, 2010; Meena et al. 2013, 2014; Basak
et al. 2016). However, there are several constraints to effectively utilize and popularize
the use of biofertilizers. Some of these constraints are:

e Unlike mineral fertilizers, use of the biofertilizers is crop and location specific. A
strain found ideal at one location may be ineffective at another location due to
competition of native soil microbes, poor aeration, high temperature, soil moisture,
acidity, salinity and alkalinity, presence of toxic elements efc.;

Table 5. Effect of INM module on net return under soybean-wheat system over farmers’ practices

Nutrient Fertilizer doses (kg ha™) Gross income  Total cost of Net
management Soybean Wheat (Rs. ha) cultivation returns
options (Rs. ha') (Rs. ha')
INM Urea 1.75 Urea- 158 82861 21621 61240
DAP- 65 DAP- 98
MOP 16.5 MOP- 25
Gypsum 55 Gypsum- 83

FYM 50 q ha'! PSB- 3.5 kg ha'!
Rhizobium culture
750 g ha!
Farmers practice DAP- 65 Urea- 131 69699 20435 49264
FYM- 20 q ha' DAP- 109
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e Low shelf life of the microorganisms;
e  Unlike mineral fertilizers, biofertilizers need careful handling and storage;

e Lack of suitable carrier material, for restoration and longevity in actual field condi-
tions.

In order to overcome the above-cited constraints and make biofertilizers an effective
supplementary source of mineral fertilizers, these aspects need to be critically attended.

(iii) Site Specific Nutrient Management/ Precision Nutrient Management

Commercial fertilizer use is estimated to attribute half of the current crop production
in the world. For sustainable access to food for an increasing population in the coming
decades, crop production would have to increase on essentially the same or less land area,
with less water, nutrients, fossil fuel, labour and as climate change. This requires that
resources, including nutrients, have to be used in a precise manner to accommodate the
growing demand for crop production without compromising the natural resources upon
which agriculture depends. The increasing input cost, unavailability of labour, economic
concerns associated with smallholder farming, and the growing popular consciousness on
environmental footprint of intensive agriculture are also forcing stakeholders to look for
precision approaches. The concept of balanced fertilisation, when applied in a location
specific manner incorporating site specific details of the location, led to the development
of the site-specific nutrient management (SSNM) approach. It recognizes the inherent
spatial variability associated with fields under crop production and ensures that all the
required nutrients are applied at proper rates and in proper ratios commensurate with the
crop’s nutrient needs. The universality of the principles of the SSNM approach has led to
its application to different crops and agro-ecologies.

(iv) Soil Test based fertilizer recommendation

The fertilizer recommendations based on qualitative/semi-quantitative approaches or
methods do not give expected yield responses. Following an inductive approach, a refined
method of fertilizer recommendation for varying soil test values has been developed by All
India Coordinated Research Project Soil Test Crop Response (AICRP-STCR) for different
crops under different agro-ecological sub-regions. Soil Test Crop Response studies have
used the targeted yield approach to develop relationship between crop yield on the one
hand, and soil test estimates and fertilizer inputs, on the other. Considerable agronomic
and economic benefits were accrued when farmers applied fertilizer nutrient doses based
on soil test. Calibrations are also being developed under integrated supply of organics and
fertilizers keeping into account the nutrient contribution of organics, soil and fertilizers.
The technology of fertilizing the crops based on initial soil test values for the whole
cropping system 1is also being generated. Ready reckoners in the form of fertilizer pre-
scription equations have been developed for facilitating users for profitable use of fertiliz-
ers based on soil test values and the same has been demonstrated through various multi-
location/verification follow up trials as well as frontline demonstrations. In different FLD
trials, soil test based rates of fertilizer application showed higher response ratios and
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benefit: cost ratios over a wide range of agro-ecological regions (Dey and Srivastava
2013). Economic analysis of 66 crops with yield target combinations under STCR showed
that STCR alone is capable of increasing the BCR to more than 2 in 65% of studies. In
rest 35% studies, STCR can be used as supporting technology for increasing BCR to
more than 2. Thus, STCR based approach of nutrient application has showed definite
advantage in terms of increasing nutrient response ratio over general recommended dose
of nutrient application.

(v) Farming systems approach

Micro-watershed based agricultural diversification through farming systems approach,
consisting of crop and animal husbandry, horticulture, bee keeping, pisci culture, efc.
offers an opportunity for improvement in use efficiencies of water, nutrient and energy
and to make integrated nutrient management a reality. In general terms, the goal of
farming systems approach is to increase and stabilize farm production and farm income.
Having diverse enterprises creates opportunities for recycling, so that pollution is mini-
mized because a waste in one enterprise becomes an input for another. The risk minimiza-
tion, employment generation and sustained/increased household income are the benefits
associated with multi-enterprise farming systems. Appropriate and situation-specific farm
diversification models need to be developed and diffused for sustaining livelihood in rural
areas particularly for small and marginal farmers. Efforts are underway in different
locations to develop farm diversification models involving judicious enterprise mix that
may provide attractive income besides meeting household demands from a given piece of
farmland.

f. Soil and water conservation

Crop yields in rainfed agriculture (predominantly in southern, central, and western
India) are low because of severe drought stress, high temperatures and soil loss through
erosion. The total production loss due to water erosion of rainfed areas under major
cereal, oilseed, and pulse crops in India was observed to occur at 16%, which in actual
physical terms was estimated as 13.4 Mt and in economic terms in the tune of Rs. 11,130
crore. Among the six zones of India, the average production loss occurred within a range
of 10% (northern) to 24% (southern). At state level, the production loss ranged from
1.4% in Punjab and Haryana states located in alluvial Indo-Gangetic Plains to 41% in the
erosion-prone north-eastern Himalayan state of Nagaland. In terms of production loss
among major groups of crops, cereals contributed 66% to the total loss, followed by
oilseeds (21%) and pulses (13%). A similar trend was observed for the monetary losses
amounting to 45% for cereals, 33% for oilseeds, and 22% for pulses. Rice was the most
affected among all the crops in terms of both production (4.3 Mt) and monetary (Rs.
2440 crore) losses. Since the losses are cumulative over time, it is imperative to undertake
appropriate soil and water conservation measures for rehabilitation of rainfed areas to
prevent huge declines in their productivity levels, which may escalate further due to
population pressures
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Water harvesting and storage are key options in drylands of peninsular India. Several
experiments have shown that conserving water in the root zone, through practices that
enhance water infiltration and decrease evaporation losses, can increase crop yield by 33
to 173 Per cent. In addition, water harvesting for supplemental irrigation can be extremely
important in these drought-prone regions. One such supplemental irrigation, applied at the
critical stage of crop growth, can increase agronomic yield by 23 to 250 per cent.
Increasing recharge involves installation of check dams, percolation tanks, recharge tube-
wells, and rainwater conservation. Remote sensing, field-water management, crop plan-
ning, and modelling to plan watershed management are some of the modern innovations
needed to improve water-use efficiency (WUE). Effectiveness of these soil-water man-
agement techniques can be enhanced when used in conjunction with improved varieties
and INM strategies (Lal 2009).

g. Conservation agriculture for improving soil health

The non-sustainability of agricultural systems is primarily governed by 3 key factors
(1) soil erosion, (ii) soil organic matter decline and (iii) salinization; and all are related to
soil health. These problems are mainly caused by (i) tillage induced soil organic matter
decline, soil structural degradation, water and wind erosion, reduced water infiltration
rates, surface sealing and crusting, soil compaction, (ii) insufficient or non-return of
organic materials and (iii) mono cropping in addition to other associated factors of water,
labour and energy shortages and emerging challenges of climatic change induced weather
variability. Immediate actions are required to take out the unsustainable elements of
conventional agriculture systems such as intensive tillage, removal and burning of all the
crop residues/non-return of organic material to the soils and monoculture. Simple step to
eliminate the non-sustainable components of conventional tillage (CT) based agriculture,
will result into conservation agriculture (CA). The CA based on 3 key and interrelated
principles (minimal disturbance of soil, rational organic soil cover and efficient and viable
crop rotations) is a resource-saving and production optimizing agricultural system that
aims to achieve sustainable intensification while enhancing economic profits, improve
natural resources and efficiency of external production inputs with environmental stew-
ardship. The CA principles are universally applicable to all agricultural landscapes, and
land uses, with locally formulated adapted practices. With site specific adaptations and
refinements, the CA systems can be applicable in most kind of environments/ecologies.
The CA based management practices have been practiced in over 2 Mha of irrigated
intensive as well as rainfed extensive production ecologies of India and have paid divi-
dends to farmers, small scale entrepreneurs and policy planners. However, development
of appropriate farm machinery is needed to facilitate collection, volume reduction, trans-
portation and application of residues, and sowing of succeeding crop under a layer of
residues on soil surface. Modifying combine harvester to collect and remove crop resi-
dues from field; developing twin cutter bar type combine harvester for harvesting of top
portion of crop for grain recovery and a lower cutter bar for straw harvesting at a
suitable height and wind rowing for proper management of straw needs to be addressed.
Developing straw spreaders for uniform distribution of the crop residues is also required
for successful adoption of CA technology at farmers’ field.
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GOVERNMENT INITIATIVES ON SOIL AND WATER MANAGEMENT FOR DOUBLING
FARMER’S INCOME AND RESOURCE CONSERVATION

The government agenda for doubling farmer’s income by 2022 is a daunting task
since around 70% of the farmers have annual per capita income less than Rs. 15,000.
Only 10% of them earn more than Rs. 30,000. Only 7% of the marginal farmers fall in the
high-income class (> Rs. 30,000). To achieve doubling farmer’s income might require
novel strategies through government development initiatives, technology generation and
dissemination besides policies and reforms in agriculture sector. The Government of
India, time to time, through National Agriculture Policy, National Land Use Policy, Na-
tional Water Policy and National Policy for Farmers emphasized judicious use of land and
water resources in agriculture and allied sectors for higher agricultural productivity and
profitability in the country.

e Soil Health Card Scheme has been a boon for farmers for optimized nutrient manage-
ment. The Government under the component of soil health management of National
Mission on Sustainable Agriculture (NMSA) is promoting soil test based balanced and
integrated nutrient management in the country through setting up/strengthening of soil
testing laboratories, establishment of biofertilizer and compost unit, use of micronutri-
ents, trainings and demonstrations. Recently, a National Mission on Soil Health Card
has been launched to provide soil tested based fertilizer recommendation to all the
farmers in the country.

e The Government initiative on balanced application of NPK fertilizers along with mi-
cro- and secondary nutrients through development of area and crop specific custom-
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ized fertilizers. The Govt. of India policy decision of introduction of Nutrient Based
Subsidy (NBS) on N, P, K and S containing fertilizers.

National Biogas and Manure Management Programme which is a Central Sector
Scheme of Biogas Technology Development Division of the Ministry aiming at setting
up of Family Type Biogas Plants at rural and semi-urban/ household’s level for
recycling of rural wastes linking sanitary toilets with biogas plants.

In support of Government’s Swachh Bharat Abhiyan mission, the Department of
Fertilizers, Ministry of Chemicals & Fertilizers has declared subsidy on city compost
@ Rs.1500 per tonne.

The government’s focus on improving farm productivity led to the initiation of soil-
health care, micro-irrigation and water harvesting. Micro-irrigation along with the
nutrient application can be highly efficient and priority should be given to empower
farmers with micro irrigation.

The Government under Watershed Development Component of the “Pradhan Mantri
Krishi Sinchayee Yojana (PMKSY)” aimed to improve water-use efficiency at the
farm-level and bridge the gap between irrigation potential created and utilization for
increasing agricultural production and productivity. The government implementing
location specific soil and water conservation activities based on the technologies
developed by Indian Institute of Soil and Water Conservation (IISWC) and Central
Arid Zone Research Institute (CAZRI). Also under the same scheme the government
envisages end-to-end solutions in irrigation supply chain viz., water sources, distribu-
tion network, and farm-level applications.

Enactment of ‘Sub-soil Water Preservation Act’, in Punjab which bans rice planting
before 10" of June every year is an example of a welcome decision to check
excessive use of groundwater.

The Government under Reclamation of Problem soils (viz., saline, alkali and acid
soils) component of National Mission for Sustainable Agriculture (NMSA) is provid-
ing assistance @ 50% of cost to the limit of Rs. 60000 ha! for reclamation of alkali/
saline soils and Rs 15000 ha! for amelioration of acid soil.

WAY FORWARD

1. Enhancing Nutrient Use Efficiency (NUE)

e Development/refinement of new fertilizer products with high efficiency such as
controlled release fertilizers from different indigenous minerals and by-products,
Customized/fortified fertilizers etc.

e Developing fertilizer prescription system for drip irrigation/fertigation.

e Crop life cycle nutrient management i.e. meeting nutrient requirement of crop at
different growth stages through fertigation and foliar application.

e Nutrient management in conservation agriculture.
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2.

Refinement and Implementation of STCR based Site Specific Nutrient Manage-
ment Recommendations for Dryland/Rainfed crops, medicinal, aromatic and
horticultural crops

Refinement in the STCR based site specific nutrient management (SSNM) for Dry-
land/Rainfed crops, medicinal, aromatic and floriculture crops is need of the hour for
stabilizing location specific crop productivity and farmers income. Large variation in
soil fertility status and blanket fertilizer recommendations may provide optimum grain
yields, but failed to increase the partial factor productivity. Hence, from a sustainability
point of view, nutrient management through STCR based SSNM needs to be refined
for improving nutrient use efficiency and crop productivity while minimizing the
fertilizer loss to the environment.

Development and implementation of soil testing protocols for organic farming
under selected crop/crops which have commercial demand in organic food mar-
ket.

The Government of India adopted the policy of encouraging the use of local manorial
resources and bio-inoculants in modern agriculture along with the balanced and effi-
cient use of chemical fertilisers to a limited extent. A lot of studies have been taken up
in Britain, Europe and USA with indications that organically grown products are more
nutritious; however, very little studies have been done in India in these aspects.
Organic farmers in India represent a small but rapidly growing segment of agricul-
ture. Despite increased demand for organic products, particularly in export markets,
farm conversion to organic agricultural systems across the globe is slow. An impor-
tant impediment to conversion is lack of relevant information or standard protocol on
every aspects of farming practices under organic farming, including storage and sale.
Organic farming starts with the soil. The organic farmer’s primary aim is to provide
crop and animal nutrition by implementing practices that nurture the soil, stimulate
soil life, and conserve nutrients. This involves developing both long-term and short-
term strategies to improve soil health and to supply crop nutrition. Hence, developing
a standard monitoring protocol for soil health assessment under organic farming for
selected crops having high export demands will ensure improvement in soil quality,
increased crop productivity and farmers income on a long-term basis.

Development of mitigation and adaptation strategies on soil and water manage-
ment for climate resilient agriculture

Resource conservation technologies well supported by precision farming like laser
land levelling, direct seeding of rice, efc. saves water and energy costs by more than
25%. These technologies will help farmers to minimize the adverse impact of climate
change induced weather aberrations especially temperature variations that are likely to
be more severely felt in North Western Region of the country. Also, integrated
farming system approach involving synergic blending of crops, horticulture, dairy,
fisheries, poultry, etc. are viable option to provide regular income and at site employ-
ment to small land holder, decreasing cultivation cost through multiple use of re-
sources and providing much needed resilience for predicted climate change scenario.
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Enhancement of water productivity
e Improvement of water productivity through soil, crop and irrigation management.

e Development and evaluation of location specific rainwater harvesting techniques
and its impact on hydrology, crop performance and livelihood of farming commu-
nity.

e Identifying sustainable cropping systems in relation to the availability of water in
different land and agro-ecosystems.

e Development and use of cost effective polymers/soil conditioners/ zeolites to
improve the soil aggregation and increase water holding capacity of soil.

Development of sensor-based measurement techniques for precision agricul-
ture

e On the go sensor development using optical/NIR/microwave/hyperspectral remote
sensing techniques for soil moisture, nutrient, salinity, organic carbon and tilth
estimation.

e Development of hyper-spectral narrow-wavebands and formulate vegetation indi-
ces best suited for early detection of crop nutrient stress under varying water
supply situations and scaling up the information for satellite remote sensing image
analysis for large area estimation.

Development of user friendly on-line software for various management options
for the major cropping systems in different agro-eco regions and problem soils

Agro-ecological intensification for farmers will be the key for achieving increased
productivity and profitability by optimizing local resources, maximizing returns from
external inputs, improved stability and diversity of nutritious foods, reduced green-
house gas emissions, enhanced ecological resilience and environmental service provi-
sion. With the rapid advances in information and communications technology, it is
now clear that there is a large unrealized potential for models and soft-wares to be
more effectively utilized through various kinds of “knowledge products” including on-
line software, computer visualization tools and mobile apps. In many developed coun-
tries, information technologies are finding increasing use in the agricultural value
system, and farmers are increasingly becoming more informed about the latest tech-
nology suited for adopted at farm level. In India, the increasing availability of energy
and internet connectivity to the large rural landscape will benefits the farmers in
attaining information on how to increase production, reduce costs, and manage their
land resources more efficiently. Development of such user friendly software on farm
management for specific agro-ecological zones will definitely allow farmers to take
decisions best suited to the land they farm on. Also farmers will be encouraged to
adopt appropriate technologies for sustainable farming systems if the dissemination of
information is efficient.
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