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The challenge of ever increasing pressure on agricultural/arable lands for
producing more with less has encouraged the adoption of conservation agriculture
(CA) in India. The economization of resources through efficient use under CA
not only reduces the cost of cultivation but also benefits the environment. The
trend of depleting natural resources under conventional agricultural systems could
be favourably reversed to the soil organic carbon build up, lesser fuel consumption
and higher water productivity. A diversified cropping system under CA improves
soil biodiversity, resists insect-pest-disease outbreaks, and prevents deterioration
of natural resource base. The significance of wide-scale adoption of CA becomes
more pertinent when we are at the verge of facing serious threats like declining
partial factor productivity, climate change, and land degradation.

Globally 157 million hectare area, which constitutes 10.9% of the total arable
area is currently under CA. There are enough research evidences which show
this huge shift towards adopting conservation systems ensures soil health and
production quality improvement brought through enhanced soil biological
processes, indigenous nutrient supplying capacity and organic recycling. On the
other hand, the emerging issues like nutrient stratification, misalliance of farm
machinery and weed shift under CA need to be scientifically addressed. Further,
CA technologies would also have to be standardized for specific crops under
diverse ecologies in cropping system perspectives. Likewise, fabrication of
appropriate machines can overcome the biasness of clean cultivation and
constraints in adoption of CA technologies.

A remarkable success has been made in developing CA technologies for
rice-wheat cropping system in Indo-Gangetic Plains of India, but the location-
specific most critical intervention to break yield barrier through resource
conservation technologies is still lacking.  This book is a perfect compilation of
consorted efforts of various researchers done in the direction of development,
standardization and dissemination of the refined CA technologies. The emerging
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concerns of environmental unsustainability raised in the book necessitates the
development of a policy framework promoting CA. I strongly believe that the
book would be of great value to various stakeholders in addressing the goals of
achieving sustainable agricultural systems through conservation agriculture.

Arvind Kumar



Preface

Conservation agriculture (CA) benefits agro-ecosystems by improving soil
health and preserving biodiversity. Facilitation of good agricultural practices viz.
land preparation, crop establishment, water management and stress management
etc. through conservation agriculture ensures environmental safety and resource
savings. Agricultural production intensification through diversified cropping
systems and integration of various enterprises under CA could offer economically
viable options for more than 86% small farm holders of the country. The minimum
soil disturbance due to controlled traffic promotes biological tillage. An established
CA system could address the emerging issues of nutrient imbalance and reliance
upon the external organic inputs. The principles of CA are universally applicable,
however its implementation through the set of practices has to be standardized
in diversified situation and cropping system perspective. Since, CA in India is
still in its nascent stage, through this book, the authors have made an attempt to
suggest the possible package for wide scale adoption of CA.

The chapter 1, compares the scope and significance of adoption of CA in
India with the global scenario. The chapter 2, 3, 4 and 5 discuss the nutrient
dynamics, management alterations as per CA principles with both macro and
micro nutrients perspectives. The chapter 6 and 7 carries a comprehensive
assessment of water use, its efficiency and the possible ways to augment water
productivity under CA. The chapter 8 has focused upon the differences to be
considered at the time of weed management under CA as the weed expression,
growing pattern and seed dispersal mechanism is altogether different than
conventional systems. The chapter 9 discusses the role of mechanization and
the need for suitable modifications in the existing machinery in terms of residue
management and challenges offered in sowing with zero tillage. The chapters
10, 11 and 12 have focused that if CA technologies need to be up-scaled in wider
domain, it has to be standardized for wider crops including pulses and oilseeds
and also to the different soil types. The development of decision support system
and soil quality indices for evaluation of CA based systems in long-term
perspectives has been discussed in the chapter 13, 14 and 15. The higher on-
farm resource use efficiency and by-product recycling through integrated farming
system and organic farming for targeted crops and areas with CA principles for
livelihood security on a sustainable basis has been discussed in chapter 16 and
17. The concluding chapters have shown the enhanced long-run profitability
due to reduced inputs, higher resource use efficiency and higher economic returns
due to stable yields.
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Conservation Agriculture:
Global Status and Recent Trends
in South Asia
H.S. Jat, M.L. Jat, Yadvinder Singh,, R.K. Sharma, R.S. Chhokar
and R.K. Jat

The ‘Green Revolution’ paradigm for production intensification in South Asia
has been guided by improvement of genetic potentials of crops; high application
of external inputs (nutrients, water and pesticides) and increased mechanization.
The approach of ‘more inputs- more output’ is generally ecologically intrusive
as well as economically and environmentally unsustainable, has led to sub-optimal
factor productivities and yield levels that are difficult and expensive to maintain
over the time. Conservation agriculture (CA) is a knowledge-intensive farming
approach to manage agro-ecosystems for improved and sustained productivity,
increased profits and food security while preserving and enhancing the resource
base and the environment (FAO, 2014). Conservation agriculture does not define
as  a fixed set of practices, its principles are universal but implementation varies
considerably depending on the context. It can include diverse practices such as
livestock and fodder management, improved fallows, agro-forestry, watershed
management, and community protected areas. There is no universal template
for CA based management and production practices that are applicable to all
farmers, but the actual practices employed for CA always require a process of
refinement and localization to optimize system performance in different
environments. Conservation agriculture fits within the sustainable intensification
paradigm for preserving the natural resource base and its productive capacity
over time. Thus, it is not intensification in the classical sense of greater use of
inputs to obtain greater output but rather the intensification of knowledge, skills
management practices, complementary judicial and precise use of other inputs.
In CA systems, outputs of desired products and ecosystem services are built on
three interlocked principles of minimum mechanical soil disturbance, maintenance
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2 System Based Conservation Agriculture

of permanent soil cover and diversified cropping system. The basic principles of
CA are not location or cropping system specific but provide the foundation to
tailor and integrate needed strategic crop management practices (seeders/
implements, crop residue management, cultivars, weed, disease and pest control
practices, fertilizer and irrigation management etc.) that must be developed, tested
and modified as needed for application to a given crop production system. The
CA principles supported by other “good agricultural practices” provide a
sustainable ecological fundamental to any rainfed or irrigated production systems,
thereby predisposing them to respond efficiently to any applied production inputs
to achieve intensification. This approach does not attempt to have no impact on
the environment, but to limit any footprint to a level below the natural environmental
recovery capacity.

1. GLOBAL CONSERVATION AGRICULTURE STATUS
Conservation agriculture principles are universally applicable to all agricultural
landscapes and land uses, with locally formulated/adapted practices. Currently,
CA covers around 157 M ha of arable cropland globally (10.9% of cropland) in
more than 50 countries. Argentina, Australia, Brazil, Canada and America constitute
more than 90% of area under CA. Asian countries have seen considerable uptake
of CA in the past 10-15 years, and since 2008/09, CA area is increased nearly
threefold (291%), from around 2.7 M ha in 2008/09 to about 10.3 M ha in 2013
(Table 1). In 2008/09, CA area was reported in only two countries in the Asia
region, but in 2013, CA area was reported in 11 countries. The current area
under CA in India is around 1.5 M ha and is expanding rapidly (Table 1). In
Central Asia, 2.0 M ha (12.5 % of crop area) are “real” CA with permanent no-
till and rotation that puts Kazakhstan amongst the top ten countries in the world
with the largest crop area under CA systems (Nurbekov et al., 2014). Area
under CA in Syria and Iraq has continued to increase due to shortages of fuel
(Piggin et al., 2015). In China, the adoption of CA increased during the last few
years and the technology has been extended to rice production system (6.7 M
ha). In South Asian Indo-Gangetic plains (IGP) extending across India, Pakistan,
Nepal and Bangladesh, in the rice-wheat (RW) system, there is large adoption of
no-till/zero-till (NT/ZT) wheat on about 5 M ha area but only modest adoption of
permanent no-till systems and full CA (Kassam et al., 2015). The exception
appears to be India, where the adoption of NT practices by farmers has occurred
in the RW double cropping system, and also in the rainfed upland areas involving
crops such as maize, cotton, pigeon pea and chickpea. In Indian context, NT
with residue retention technology in RW system has been reported to help in
adapting wheat to terminal heat effect which is an emerging concern globally in
view of climate change (Jat et al., 2009). Conservation agriculture also provides
an alternate approach to achieving sustainable intensification in low-input
agriculture using traditional varieties and methods of maintenance of soil fertility.
Conservation agriculture is an example of the agro-ecologically based sustainable
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intensification approach that requires lower amounts of all production inputs
including energy, seeds, agro-chemicals, machinery, time and offers greater
productivity than the non-CA counterpart systems of South Asia.

Table 1. Area under conservation agriculture in the world

Area in the World Continent Area (M ha)

Asia 10.29
Africa 01.23
America 120.34
Europe 7.28
Oceania 17.86
Total 157.00 (10.9%)*

Area under CA with particular reference to Asia
Middle East and Near East: Azerbaijan, Iraq, Lebanon, 0.09
Syrian Arab, Republic and Turkey
Central Asia: Kazakhstan, Kyrgyzstan, Uzbekistan 2.00
South Asia: India 1.50
East Asia: China, DPR Korea 6.69

*Figures in parenthesis indicates the % of total crop land area; Conservation agriculture area (>30% ground
cover) as a % of Agricultural Land.
Source: Anonymous, 2015

2. CONSERVATION AGRICULTURE BASED TECHNOLOGIES IN SOUTH
ASIA
At the dawn of 21st century, the problem of food security with added challenges
of natural resource degradation and climate change has further been surfaced
and intensified with indiscriminate use of resources, sharp rise in the cost of
production inputs, diversion of youth and capital from agriculture and shrinking
farm holdings. In South Asia, the ever increasing population growth is interlinked
with production challenges and the natural resources in the region are 3-5 times
more stressed due to population, economic and political pressures compared to
the rest of the world. In the region, the inefficient use and mismanagement of
production resources, especially land, water, energy and agro-chemicals, has
vastly impacted the health of the natural resource base and contributing to global
warming led climatic variability. Thus, climate change could result in the increased
demand for irrigation water, further aggravating resource scarcity. This will
also increase the price of water for irrigation, making small-holder agriculture
more risky venture. Moreover, while maintaining a steady pace of development,
the region will also have to reduce its environmental footprint from agriculture.
Considering these multiple challenges, agricultural technologies that promote
sustainable intensification and adapting to emerging climatic variability yet
mitigating GHG emissions (climate smart agricultural practices) are scientific
research and development priorities in the region. There are a wide range of
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agricultural practices that have the potential to increase adaptive capacity of the
production system, reduce emissions or enhance carbon storage yet increasing
food production (Table 2). However, the magnitude of benefits of CA based
technologies tends to be site and situation specific and cannot be overly generalized
across farming systems and the regions.
Table 2. Potential benefits of the key interventions in terms of food security (FS), climate risk management
(CR), adaptation (A) and mitigation (M) potential to conventional practices

Climate smart Potential benefits relative to conventional FS CR A M
practices practices

Laser land levelling Reduce GHG emissions, increased area for x x x x x x x x x
(LLL) cultivation and crop productivity
Zero tillage Reduced water use, C sequestration, similar or x x x x x x x x x

higher yield and increased income, reduced
fuel consumption, reduced GHG emission,
more tolerant to heat stress

Direct seeding of rice 20-30 % Less requirement of irrigation water, x x x x x x x x
(DSR) time saving, better post-harvest condition of field,

deeper root growth, more tolerance to water and
heat stress, reduced methane (CH4) emission

Alternate wetting and Reduces methane (CH4) emission by an average x x x x x x x x x
drying in rice (AWD) of 48% compared to continuous flooding, reduce

irrigation requirement by 15-20%
Crop diversification Efficient use of natural resources (water, soil x x x x x x x x

and energy), increased income, increased
nutritional security, conserve soil fertility,
reduced risk

Permanent raised bed Less water use, improved drainage, better residue x x x x x x x x x
planting management, less lodging of crop, more tolerant

to water stress
Leaf colour chart (LCC) Reduces fertilizer N requirement, reduce N loss x x x - x x x x

and environmental pollution, reduced nitrous
oxide emission

Nitrification inhibitors Increase N use efficiency, reduce N loss and x x x - x x x
environmental pollution

Green seeker Optimize fertilizer N requirement, reduced N loss x x x - x x x x
and environmental pollution, reduced nitrate leaching

Nutrient Expert-decision Optimize fertilizer requirement, reduced nutrient losses x x x - x x x x
support tool and environmental pollution, reduced GHG emission
Crop residue Moderates soil temperature, improves soil quality, x x x x x x x x x
management/ mulching reduces soil erosion, reduces evaporation losses

and conserves soil moisture, increases C
sequestration, avoids burning and reduces
environment pollution, increases tolerance to
heat stress, reduces weed infestation.

Micro irrigation system Increases water and nutrient use efficiency, x x x x x x x x x

(Contd.)
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reduces GHG emissions, increased productivity
Agroforestry Sequester carbon in the soil and prevent soil x - x x x x x x

erosion, enhancing biodiversity, improve
the ecosystem

ICT services to access Vital source of information on climate change, x x x x x x -
weather and agro weather forecasts, new seed varieties, climate
advisories smart farming practices and tips on CA, helps in

overall behaviour change towards adapting to
climate change and in the uptake of new practices
and technology

Source: Wassmann et al., 2009; Jat, 2014

Integration of these CA and precision agriculture (PA) based technologies
and their interaction with farm management system acts as potential strategies
to manage variability within and between fields for sustainability and conservation
of the resources to boost farm profitability, making crop production resilient to
changing climate. It also has the potential to reduce environmental footprint of
agricultural production system for sustainable food security. The purpose is to
identify and summarize potential climate change impacts on agriculture in various
regions, examine the causes of vulnerability, provide information on where
investments are needed to better climate-proof agriculture, and describe the
relevance of current efforts to achieve more sustainable agriculture to that of
managing climate risks for adaptation.

3. CONSERVATION AGRICULTURE AND INDO-GANGETIC PLAINS
The IGP comprise one of the most productive agricultural land in South Asia,
providing staple food for 400 million people, primarily through RW system
practiced on 13.5 M ha . Yields of rice and wheat in this highly intensive system
have stagnated and, in some cases, declined over the past few decades (Ladha et
al., 2003). The UN Food and Agriculture Organization (FAO) estimates that
South Asia will need to increase its cereal output by almost 50% over the next
three decades to meet increasing demand; yet, given current projections of
agricultural output and regional population growth, the region will have an
estimated 22 mt cereal deficit by 2030. Deterioration of the natural resource
base, over exploitation of ground water, loss of soil fertility and soil nutrient
imbalances, and a build up of pests and pathogens are important factors
contributing to diminished productivity of the RW system. This has to be reversed
if the region is to meet the future food demand of the region. Conservation
agricultural practices can contribute to making agricultural systems more resilient
to climate change for experiencing the climate-proof agriculture. Adaptation in
the agricultural sector is being given a high priority in South Asia because of the

Climate smart Potential benefits relative to conventional FS CR A M
practices practices
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inherent sensitivity of food production to climate and the strong inter-linkages
that exist between climate, agriculture, and economic growth and development.
In South Asia the term ‘resource conserving technologies’ (RCTs) has been
coined in 20th Century to improve resource or input-use efficiency (including
water, air, fossil fuels, soils, inputs, and people) and provide immediate and
demonstrable economic benefits such as reductions in production costs, savings
in water, fuel and labour requirements and timely establishment of crops. Laser
land levelling, bed planting, zero tillage, direct seeding rice (DSR), residue
management, alternate wetting and drying (AWD) in rice, site specific nutrient
management (leaf colour chart, Greenseeker, Nutrient Expert decision support
tool) diversification/intensification, and alternate land uses/agroforestry are some
innovative RCTs, which are able to quickly respond to critical needs that address
the concerns (e.g. farm economics and climate change) faced by South Asian
agriculture (Sharma et al., 2002; Ladha et al., 2009; Saharawat et al., 2012).

4.  RESOURCE CONSERVATION TECHNOLOGIES: THE PROSPECTS IN
SOUTH ASIA
The past experiences with resource conservation technologies especially adoption
of ZT on large scale by the farmers in RW system in IGP indicates the benefits
which needs to be extrapolated to other areas of the country as well as to cropping
systems other than RW. The national programme has gradually graduated from
intensive tillage to reduced tillage to ZT and now moving towards efficient
management of crop residues to avoid crop residue burning which is causing
environmental pollution leading to animal and human health problems. Adoption
of CA practices is the need of the hour to reverse the trend in natural resource
degradation and global warming. So far, the main focus was on one principle of
the CA i.e. minimum soil movement/disturbance and to some extent on residue
cover and diversification by integrating short duration green gram after wheat in
RW system. Now, it is time to integrate all the components in more precise
manner for increasing the input use efficiency while reducing the environmental
footprints but not on the cost of food security. Some of the research evidences
pertaining to South Asia are given here as under:

4.1. Tillage Management
Intensive tillage, especially wet tillage for growing rice, results in the decline of
soil organic matter due to increased oxidation over time, leading to soil degradation,
loss of soil biological fertility and resilience. Tillage costs money in the form of
fuel for tractors, wear and tear of equipment, and the cost of the operator.
Greenhouse gas emissions from the burning of the diesel fuel add to global
warming. Tillage exposes bare soil which is prone to wind and water erosion.
The tractor wheels compact the soil below the surface. Cultivation practices
such as ZT (which involves seeding directly into the soil instead of sowing on
ploughed fields) conserves resources and enhances input-use efficiency (Chauhan
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et al., 2000; Sharma et al., 2004; 2005; Erenstein et al., 2008). In 2008, 20-
25% of the wheat in RW system in three Indian states (Haryana, Uttar Pradesh
and Punjab) was cultivated using minimum or zero tillage. The main driver behind
the rapid spread of ZT wheat is the significant, immediate, identifiable and
demonstrable economic benefits, and savings in water, fuel and labour
requirements ‘that makes adoption profitable corresponding with a 15-16% saving
on operational costs (Erenstein et al., 2008). The yield effect, where it exists, is
closely associated with enhanced timeliness of wheat establishment after rice.
Wheat yield potential reduces by 1-1.5% per day of delayed planting after 20th

November (Hobbs and Gupta, 2003). In spite of the success of the RW cropping
system with ZT practices in irrigated agriculture in the IGP, the full environmental
benefits offered by CA have yet to be fully realized (Gupta and Seth, 2007).
Experimental data have shown that water saving with ZT in wheat could be
36%, on an average. Reduction of water use in first irrigation varied from 30-
50% while for subsequent irrigations it ranged between 15-20%. Water use
could be further reduced if ZT is used in combination with other technologies
like raised bed planting and laser land levelling (Gupta and Seth, 2007). It has
been reported that direct seeded rice (Kumar and Ladha, 2011) proved more
cost effective, more water efficient, less labour intensive, and more eco-friendly
(with lessening of methane emission). Other benefits included higher tolerance
to water deficits, less cracking in soil, earlier crop maturity by 7 to 15 days, less
incidence of insect-pest and diseases due to better aeration in crop canopy, and
overall higher profits.

4.2. Efficient Water Management
With the increase in demand of water from allied sectors, agriculture must improve
water use efficiency in irrigated ecosystem. Adding climate change to this mix
only intensifies the demands on water use in agriculture. Climate changes will
burden currently irrigated areas and may even outstrip current irrigation capacity
due to general water shortages, but farmers with no or less access to irrigation
are clearly most vulnerable to changed scenario. In South Asian region, the
inefficient use and mismanagement of production resources, especially land,
water, energy and agro-chemicals, has vastly impacted the health of the natural
resource base and contributing to global warming led climatic variability. Studies
(Sivakumar and Stefanski, 2011) show that there would be at least 10% increase
in irrigation water demand in arid and semi-arid region of Asia with a 1°C rise in
temperature. Water availability is expected to decline whereas global agricultural
water demand is estimated to increase by about 19% in 2050 (UN-Water, 2013).
As per the Asian Development Bank (2009) by 2050, due to climate change
induced heat and water stress yields decrease by 17% for maize, 12% for wheat,
and 10% for rice. Rice is the greatest guzzler of irrigation water among all crops
consuming about 80% of the total irrigated fresh water resources in Asia (Bouman
and Tuong, 2001; Maclean et al., 2002). By the year 2025, it will be necessary
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to produce about 60% more rice than is currently being produced to meet the
food needs of a growing world population (Fageria, 2007). Alternate wetting
and drying (AWD), precise land, bed planting and drip irrigation substantially
save irrigation water without any reduction in grain yield and improves WUE
(Kang et al., 2000; Sharma et al. 2005; Jat et al., 2011; 2015).

There is a need for technologies and investments that improve water use
efficiency, access to irrigation or to find ways to improve incomes with less
secure and more variable water availability. Surface irrigation methods are applied
in more than 80% of the world’s irrigated lands yet its field level application
efficiency is often 40-50% (Von Westarp, 2004). Pressurized irrigation or micro-
irrigation systems (sprinkler, surface, and subsurface drip) have the potential to
increase irrigation water use efficiency by providing water to match crop
requirements, reducing runoff and deep drainage losses, reducing soil evaporation
and increasing the capacity to capture rainfall (Camp, 1998). There are few
reports of the evaluation of these technologies in field crops in South Asia. Kharrou
et al. (2011) reported that drip irrigation gave 28% higher wheat yield and 24%
higher WUE compared to surface irrigation. Irrigation contributes to CO2
emissions because energy is used to pump irrigation water. Pathak et al. (2011)
reported that CH4 emission was zero in the sprinkler irrigation technologies because
of the absence of reduced conditions in rice field.

4.3. Efficient Residue Management
In IGP of South Asia, rice–wheat is the main cropping system. There are few
options for rice straw because of poor quality for forage, bioconversion, and
engineering applications. Farmers generally burns the rice straw to establish the
wheat crop timely where labour is limited. Presently, more than 80% of total rice
straw (22 Mt) produced annually in Indian Punjab is burn to clear the fields for
timely sowing of wheat (Yadvinder-Singh et al., 2010). The field burning of
crop residues is a major contributor to reduced air quality (particulates, greenhouse
gases), human respiratory ailments, and the death of beneficial soil fauna and
micro-organisms. During burning of crop residues around 80% of carbon is lost
as CO2 and a small fraction is evolved as CO. Apart from loss of carbon, up to
80% loss of N and S, 25% of P and 21% of K occurs during burning of crop
residues (Ponnamperuma, 1984; Yadvinder-Singh et al., 2005).

While in-field retention of crop residues can play an important role in
replenishing soil quality and reducing environmental pollution from stubble
burning, until recently, there has been no suitable technology for seeding wheat
in rice residues. To address this need, a series of prototypes (Happy Seeders)
were developed over the past 10 years. Retention and incorporation of rice residue
in the field depends on residue condition, its amount and the time left for wheat
sowing. Rice straw can be managed successfully in situ by retaining on soil
surface using ‘Turbo Happy Seeder’ during sowing of the wheat (Sidhu et al.,
2015). The benefits include; reduced fuel consumption and cost of crop
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establishment, ability to sow as soon as desired after harvest thereby enabling
early/timely sowing, reduced weed population and ensuring the possibility of
reducing the need for irrigation. Happy seeder sown wheat is a perfect climatic
adaptation and mitigation strategy because it reduces the GHG emissions, reduces
crop lodging due to abnormal weather conditions and increases the crop yield as
it was evidenced in wheat crop of 2014-15 and maize crop of 2015 in western
IGP of India. The incorporation of rice residue into the soil typically had a small
effect on wheat yield during the short term of 1-3 years but the effect appeared
with in the fourth year of incorporation (Yadvinder-Singh et al., 2005; Gupta et
al., 2007). Crop residues when applied to soil have a significant effects on soil
organic matter, and physical, chemical and biological properties of soil (Kumar
and Goh, 2000; Bijay- Singh et al., 2008; Chauhan et al., 2012). The adoption of
Turbo Happy Seeder technology for sowing wheat into rice residue has been
low to date, despite a ~50% price subsidy by the state governments of NW
India. Constraints to adoption include the low window of operation of the machine
(25 days/year), the low machine capacity compared with conventional seed
drills, the inability to operate in wet straw, and the lack of straw spreaders on
combine harvesters. Removal of subsidies for diesel and electricity (for pumping
groundwater) and implementation of the policy banning in-field straw burning
would help to accelerate adoption of technology for direct drilling wheat into
rice residues (Sidhu et al., 2015).

Das et al. (2014) reported that permanent broad beds with residue addition
(permanent raised beds +residue plots, PRB+R) had a 3.1 t/ha of higher wheat
equivalent yield in cotton-wheat system over the farmers’ practice. The PRB +
R plots also used 14% less water and resulted in 48% more mean system water
productivity and 36% higher net income compared with conventional till. There
is a need for long-term studies in different agro-ecologies to address food,
nutrition, economic and environmental problems. From a 5-year study on rice-
maize system in NW India, Singh et al. (2016) reported that grain yield of
conventional transplanted rice (TPR) was 5–7% higher compared to conventional
till or ZT direct-seeded rice (DSR). Grain yield of following maize under ZTDSR/
ZT maize was significantly higher by 4.0% and 14.2% compared to CTDSR/
CTM and TPR/CTM, respectively. Gradual improvement in soil physical health
in ZTDSR/ZTM + crop residue system resulted in higher and stable crop
productivity and profitability over conventional system.

4.4. Efficient Crop Diversification
Crop diversification is useful in providing higher protection against risk associated
with climate change in addition to assured net returns to the farmers. Risk
reduction through crop diversification related to abiotic and biotic vagaries
particularly in fragile ecosystems and commodity fluctuations will contribute to
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improved food security and income generation for resource-poor farmers while
protecting the environment (Behera et al., 2007). Replacing rice with cotton,
maize and basmati rice in summer season and wheat with oil-seed (rapeseed
mustard) crops and chickpea in winter season can lower evapo-transpiration
(ET) and reduce irrigation requirement. Hira (2009) suggested for reducing rice
area in Punjab by about 1 M ha and cultivating BT (Bacillus thuringiensis) cotton,
kharif maize, soybean and groundnut, which require 2-5 number of irrigations
against the 30-35 irrigations in rice. System diversification/ intensification through
resilient cropping system and management scenarios were compared using a
wide range of indicators (crop rotation, tillage, crop establishment, crop, water
and residue management) with business as usual farmer management scenario
in the region to address the issues of deteriorating natural resources, plateauing
yields, water, labour and energy shortages and emerging challenges of climate
being faced by the farmers. On system basis, three years average data recorded
14% increase in yield in scenario III compared to farmers’ practice (scenario I),
while saving other resources. Similarly, the futuristic system (scenario IV)
showed 11% increase in yield compared to scenario I (Table 3). A substantial
reduction of around 33% in water applied in scenario III on system basis
compared to scenario I, whereas, in scenario IV, only 29% water applied to that
of scenario I (Sharma and Jat, 2014). In a period of 3 years around 34, 44 and
50 tons of crop residues were recycled in scenario II, III and IV, respectively
which resulted an increase of SOC by 13, 22 and 26% in the respective scenario
from the initial soil SOC (0.45%).

Liak et al. (2014) compared four scenarios involving a range of crop and
resource management practices with crop rotations (including legumes) in RW
system. Zero tillage in wheat and inclusion of mungbean increased the yields of
wheat and the succeeding rice crop by 26% and 8%, respectively. The yields of
wheat and rice increased further by 50% and 17%, respectively, with the inclusion
of more CA components. In the 4th scenario, which was designed to include
higher cropping intensity and diversification (potato+maize–rice–cowpea rotation)
with CA components, 154% higher rice equivalent system productivity was
attained. Irrigation water productivity was higher by 44 to 138% and 16 to 80%
during winter and rainy season, respectively with different CA management
options. Results further demonstrated that the crop productivity and better
economics can be obtained with fewer resources (labor, water, energy), thereby
minimizing degradation of the resource base.

4.5. Information and Communication Tools (ICTs)
Assessing vulnerability to climate change and its variability is an important first
step in evolving appropriate strategies for adaptation and mitigation to climate
change. Current information on vulnerability to climate change will help in
evolving appropriate adaptation and mitigation strategies for climate proofing
particularly in handling the drought, heat stress and extreme events during crop



Conservation Agriculture: Global Status and Recent Trends in South Asia 11

Ta
bl

e 3
. S

ys
te

m 
yie

ld,
 irr

iga
tio

n w
at

er
 sa

vin
g a

nd
 en

er
gy

 sa
vin

g i
n d

iffe
re

nt 
sc

en
ar

ios

Sc
en

ar
io 

(S
)

Sy
ste

m
Re

sid
ue

 m
an

ag
em

en
t

Sy
ste

m
 yi

eld
Irr

iga
tio

n w
ate

r
En

er
gy

 us
e

*S
OC

 (%
)

(R
ice

 eq
uiv

ale
nt)

)
(m

m)
(M

J/h
a)

S  I- f
ar

me
rs

 pr
ac

tic
e

Ri
ce

-w
he

at
No

 re
sid

ue
13

.0
26

87
73

83
2

0.4
6

(C
T/

TP
R)

S  II-
pa

rti
al 

CA
 ba

se
d

Ri
ce

-w
he

at-
mu

ng
be

an
Re

ten
tio

n o
f fu

ll (
10

0%
) r

ice
 an

d a
nc

ho
re

d w
he

at
15

.8
20

73
56

54
3

0.5
2

(C
T/T

PR
-Z

T-Z
T)

re
sid

ue
, w

hil
e f

ull
 m

un
gb

ea
n r

es
idu

e w
er

e i
nc

or
po

ra
ted

S 
III-

 fu
ll C

A 
ba

se
d

Ri
ce

-w
he

at-
mu

ng
be

an
Re

ten
tio

n o
f fu

ll (
10

0%
) r

ice
 an

d m
un

gb
ea

n;
14

.8
17

93
51

58
2

0.5
6

(ZT
-ZT

-ZT
)

an
ch

or
ed

 w
he

at 
re

sid
ue

S  IV
- f

ull
 C

A 
ba

se
d

Ma
ize

-w
he

at-
mu

ng
be

an
Re

ten
tio

n o
f m

aiz
e (

65
%

) a
nd

 fu
ll m

un
gb

ea
n;

14
.5

76
6

36
45

7
0.5

8
(ZT

-ZT
-ZT

)
an

ch
or

ed
 w

he
at 

re
sid

ue

*S
OC

-s
oil

 or
ga

nic
 ca

rb
on

 co
nte

nt



12 System Based Conservation Agriculture

cycle. Spreading ICT based value-added agro-advisories and related agro-
information through mobile phones is helping to reach farmers. The service has
two major components: push component through which agro-advisory is
disseminated to the farming communities (both in voice and text through mobile
phones), and the pull component through which farmers are provided advisories
on their real time problems in farming. Farmers could ask questions using helpline
and get instant advisories/suggestions on farming operations. In this way, a
two-way communication is possible between the experts and farmers. The voice
messages delivered through mobile phones are a minute each covering diverse
areas of farming systems (crop management, horticulture, plant protection,
weather information) which are contextualized in the local language. Farmers
receiving voice SMS facilities on their mobile regarding information on weather
forecast and crop management from Kisan Sanchar (farmer’s communication
centre) of State Agricultural Department. Weather-based agro-advisories to
accurately access weather data are critical to formulate and disseminate agro-
advisories at the micro-level (district, block, village etc). Successful adaptation
to climate change requires long-term investments in strategic research and new
policy initiatives that mainstream the climate change adaptations into development
planning. For this we need:

(i) Documentation of the indigenous practices followed by farmers to cop up
with climate change

(ii) Quantification of the adaptation and mitigation potential of the existing best
bet practices for different farming systems

(iii)  Long term strategic research planning to evolve new tools and techniques
including crop varieties and management practices.

The increasing probability of floods and droughts and other uncertainties in
climate may seriously increase the vulnerability of resource-poor farmers to global
climate change. In such cases, adaption to environmental change could be in the
form of crop insurance, subsidies, incentives, pricing policies, and change in land
use. Necessary provisions need to be included in the development plans to provide
protection to the farmers, if their farm production is reduced due to natural
calamities. Weather derivatives could greatly help in adapting to increase climatic
risks. Modern tools of information technology like mobile apps, TV channels, FM
radio etc. could greatly facilitate this. Policies to support the diffusion of this
information and to help interpret these forecasts in terms of their agronomic and
economic implications are required to help farmers in a big way.

4.6. Efficient Carbon Management
Maintenance or improvement of soil organic carbon (SOC) is a widely promoted
benefit of CA systems. Since most of the agricultural soils of South Asia are low
in SOC, significant potential for C sequestration is expected. Zero tillage reduces
the unnecessarily rapid oxidation of SOC as wells as the mulch to CO2 which is
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induced by tillage. Potentially one-third of the carbon emitted in current fossil
fuel use could be offset by implementing CA globally in the next decade.
Conservation agriculture has been proven to reduce the greenhouse gas emissions
by restricting the release of soil carbon thus mitigating increase of CO2 in the
atmosphere and enhance its role as carbon sinks. Conservation agriculture can
also substantially reduce GHG emissions through reduced diesel use and increased
sequestration of C in the soil, and by reducing or eliminating the burning of crop
residues. Studies showed that CA can enhance soil carbon sequestration at a rate
ranging from about 0.2 to 1.0 Mg/ha/year depending on the agro-ecological
location and management practices (Corsi et al., 2012). Sequestration of soil
organic carbon (SOC) would: (i) help mitigate greenhouse gas emissions
contributing to global warming and (ii) increase soil productivity and avoid further
environmental damage from the unsustainable use of intensive tillage systems.
However, most of the soil carbon sequestered is not permanent and can be lost
if the improved management practice is stopped. Some (Powlson et al., 2014)
consider soil C sequestration as that C which is held in the more recalcitrant or
protected forms and thus less susceptible to losses from decomposition. Improved
agricultural management enhances resource-use efficiencies, often reducing
emissions of GHGs.CA has the potential to slow/reverse the rate of emissions of
CO2 and other greenhouse gases such as methane and nitrous oxides, by reducing
tillage and residue burning and improving N use efficiency. The effectiveness of
these practices depends on factors such as climate, soil type, input resources
and farming system. About 90% of the total mitigation arises from sink
enhancement (soil C sequestration) and about 10% from emission reduction
(Ortiz-Monasterio et al., 2010).

The global warming potential of conventional till wheat with ad-hoc nutrient
management was significantly higher than in ZT with precision nutrient
management (Precision-Conservation Agriculture) (Sapkota et al., 2014). On an
average, by adopting of ZT for land preparation in rice-wheat system of IGP,
farmers could save 36 litre diesel/ha equivalent to a reduction in 93 kg CO2
emission ha/yr. Thus the goals of increasing SOC content by 0.001–0.01% per
year through crop residue management, conservation tillage and restoration of
degraded soils can effectively mitigate the current rate of increase of atmospheric
CO2 concentration estimated at 3.2 Pg/yr (Lal, 1997). With increased efficiency
of the production system, precision-conservation agriculture (PCA) can act as
one of the strategies for adaptation to uncertain climatic conditions as well as
reducing environmental foot prints while improving food production on sustainable
basis. Therefore, there is need to frame policies and incentives that would
encourage farmers to sequester carbon in the soil and thus improve soil health,
and water use and energy more efficiently. With increased efficiency of the
production system, precision-conservation agriculture (PCA) management
technologies can act as one of the strategies for adaptation to uncertain climatic
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conditions as well as reducing environmental foot prints while improving food
production on sustainable basis.

4.7. Efficient Nutrient Management-Nitrogen
Traditionally, farmers in South Asia apply fertilizer nutrients uniformly as a blanket
recommendation for large area. Many farmers often use uniform rates of fertilizers
based on expected yields (yield goal) that could be inconsistent from field-to-field
and year-to-year depending on factors that are difficult to predict prior to fertilizer
application. Large temporal and spatial variability of soil nutrient supply restricts
efficient use of fertilizer/nutrients when broad based blanket recommendations
are used (Jat et al., 2011). This leads to sub-optimal crop yields, low nutrient use
efficiency, lower economic profitability and greater environmental pollution. Under
such situations, in season site-specific nutrient management through modern tools
(LCC, Green seeker, Nutrient Expert tool etc.) can effectively enhance the nutrient-
use efficiency, economic profitability with lower environmental footprints. However,
quantifying the spatial and temporal variability of soil properties at scale using soil
test based approach seems a wearisome task keeping in view of number of holdings
and available resources in the region. Nutrient Expert® for South Asia,, a fertilizer
decision support tool developed by International Plant Nutrition Institute (IPNI) in
collaboration with International Maize and Wheat Improvement Center (CIMMYT)
and Indian National Agricultural Research System (INARS), has been chosen as
the best innovation in the “ICT solutions”. Nutrient Expert® tools for Maize, Rice
and Wheat for South Asia, developed and validated over the last five years, provide
location specific fertilizer recommendation for individual farm fields. Large-scale
on-farm validation trials showed that the tool-based recommendations improved
crop productivity, farm profitability, and significantly reduced greenhouse gas
emission from farm fields as compared to existing nutrient management practices.
The emissions of oxides of nitrogen also can be reduced through alternate practices
of N fertilization management (33% application at planting time and remaining
post-planting) matched N fertilization better with crop demand (green seeker based)
and reduced combined NOx and N2O emissions by more than 50% and NO3

-

leaching by more than 60% (Matson et al., 1998). Optimizing fertilizer application
rates and synchronizing them with crop development will further increase yields
while reducing costs and emissions of N2O (Verhulst et al., 2011).

4.8. Efficient Genotype x Environment x Management Interaction
It is evident that the yield of any crops or cropping systems is a resultant of
Genotype x environment x management interaction. Genotype governed the yield
potential, pest and disease resistance, lodging, abiotic stress resistance of crop,
however, environment is influenced or modified by rainfall, sunlight, temperature,
day length etc. and management by cropping system, establishment, fertility,
pest etc. crop plants frequently encounter different environmental conditions.
The physiological and behavioural responses to these conditions depend on the
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genetic makeup of crop. Genotype generally remains constant from one
environment to another, although occasional spontaneous mutations may occur
which cause it to change. However, when the same crop genotype is subjected
to different environments and management, it can behave different phenotypically.
These phenotypic variations are attributable to the effect of the environment on
the expression and function of genes influencing the trait. Changes in the relative
performance of genotypes across different environments are referred to as
genotype–environment-management interactions. 

Higher crop productivity in South Asian countries were the result of improved
crop production environments for high yielding varieties induced by best-bet
land and crop management practices. Crop productions with CA are closure to
natural ecosystem, and hence, if applied properly as per site specific demand,
can help farmers to produce enough additional food for the burgeoning
populations. The higher productivity realized with CA under different cropping
systems can be further consolidated through the development/selection of
appropriate cultivar for the defined agro-ecosystem. There is a need that the
genetic variability present in the germplasm is explored for designing cultivars
for good crop stand establishment under CA environment and use genotype x
management interactions. Studies show that performance of genotype was
modified by the tillage system suggesting that selection under CA should be
considered in crop improvement programs. This consideration not only applies
to genotype development but will also assist the identification of physiological
traits that enhance system crop performance under CA.

5. CONCLUSION AND WAY FORWARD
To support food security and boost incomes, agricultural systems in developing
countries are under pressure to increase productivity sustainably and strengthen
the resilience of agricultural landscapes. Climate change is likely to threaten the
food security and livelihoods of millions of people in South Asia. Consistent
warming trends and more frequent and intense extreme weather events (cold
wave, heat wave, drought, and floods) have been observed in recent decades
which greatly influence the production of food crops. Therefore, there is a need
for using modern science combined with indigenous wisdom of the farmers to
enhance the resilience of modern agriculture to climate change. The basic
principles of CA are not location or cropping system specific but provide the
foundation to tailor and integrate needed strategic crop management practices
(seeders/implements, crop residue management, cultivars, weed, disease and
pest control practices, fertilizer and irrigation management etc.) that must be
developed, tested and modified as needed for application to a given crop
production system. Development of CA based best bet management, efficient
input and resource management with multiple stresses tolerant varieties (genotype
x management interaction) can help in mitigating the adverse impact of climate
change and variability.
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Conservation agriculture based sustainable intensification not only helps in
improving productivity and resource use efficiency but also in reversing the
trends of natural resource degradation and environmental quality, making
agriculture climate smart. Researchers and policy framers should develop a
comprehensive adaptation and mitigation strategies for coping the adverse impact
of climate change. Policy decisions for promotion of smart agricultural systems
promoting CA, precise land levelling, resource conservation and management,
judicious use of waters, site specific nutrient management, integrated weed and
pest management, development of multiple stress tolerant crops and capacity
building for weather and risk forecasting mechanisms and adaptation of climate
resilient technologies must be in place both at local and regional level to cope up
with the future problems and ensuring future food security.
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