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CONSERVATION
AGRICULTURE
IN INDIA

This summary document provides an
overview of the state of conservation
agriculture in India. And also covers a
literature review of impact studies d I —
conducted on conservation ‘
agriculture in India. It is a part of
the larger CEEW study, Sustainable
Agriculture in India 2021: What We
Know and How to Scale Up

Sustainable Agriculture in India 2021:
What We Know and How to Scale Up, is a
handbook on the prevalence, practices and
state of affairs of the 16 most promising
sustainable agriculture practices in the
country. It presents the economic, social
and environmental impacts of these
practices with recommendations on their
potential to scale-up sustainable agriculture
in India.

The study is available at:

https://www.ceew.in/publications/sustainab
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onservation agriculture  (CA) is
defined as an ecosystem approach to
agricultural land management based

on three interlinked principles.’

1. Minimum soil disturbance through
no-tillage or reduced tillage: though
zero-till is ideal, CA can involve
controlled tillage where no more than

20-25 per cent of the soil is disturbed.

2. Permanent maintenance of soil mulch
by retaining crop residues or cover
crops on the field: A minimum of 30
per cent permanent organic soil cover

is maintained as per CA definitions.

3. Diversification of cropping systems
through proper crop rotation: crop
rotation and intercropping using

legumes are recommended.

CA is known to enhances biological processes
(above and below ground), reduces tillage,
and optimises the use of external inputs

(agrochemicals) to avoid biological

disruption.’ It involves direct seeding of crops
with minimal soil disturbance after the
harvest of the previous crop. This requires
slashing or rolling the weeds or last crop
residues and then directly seeding through the
mulch without ploughing. In this way, crop
residues are retained, providing soil cover and

a source of nutrients for the next crop.*

While CA emphasises no-tillage (zero tillage),
farmers were apprehensive initially about
absolutely no-tillage, so promotion focused
on minimum soil disturbance (strip
tillage/reduced tillage). It is observed that
farmers in the rice-wheat cropping systems of
the Indo-Gangetic Plains practise no-tilling
in rabi wheat season and tilling before sowing
rice. Referred to as ‘partial tillage,” this term
is gaining popularity for estimating the
practice's adoption rates. Even so, zero-tillage
(ZT) wheat is used over a significant area in
the rice-wheat system of the north-western
Indo-Gangetic Plains, as well as raised-bed

planting and laser land levelling.’
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Conservation agriculture’s linkages to FAQ’s agroecological elements

In principle, conservation agriculture adheres to and promotes many agroecological elements as defined by the FAO

Description of agroecological linkages

No-tillage and residue retention maintain or increase soil organic matter in the topsoil,
providing energy and substrate for soil biotic activities, soil structure, and nutrient cycling.
It promotes above and below ground soil biodiversity, while diversified crop rotations also
enhance biodiversity.

The principles of CA blend traditional knowledge (maintenance of soil cover and crop
diversification) and technical innovations (machinery) developed and refined over the years.
Though the practice is known to conserve natural resources, implementing it is knowledge-
intensive, and thus farmers need access to training, innovations, and new technologies when
adopting CA.

CA builds synergies by enhancing key functions of the ecosystem. For example, crop
diversification provides plant nutrients and reduces fertiliser use while contributing to soil
health and climate change regulation.

CA increases input-use efficiency as it reduces the cost of cultivation through savings in
labour, reduces fertiliser use (after a few years), and uses water efficiently. Reduced tilling
saves energy and diesel and reduces emissions.

When combined with surface management of residues, no-tillage leads to slow
decomposition of these residues, increasing the recycling and availability of plant nutrients
in the soil.

Conservation agriculture enhances crop production systems’ resilience and climate resilience
by reducing energy use and emissions. It also offers resilience to drought and excessive heat,
as increased soil moisture increases transpiration during crop maturity, thereby protecting
crops from terminal heat (in wheat). Finally, CA facilitates water percolation in the soil,
thus saving upland crops from waterlogging during the rainy season.

CA improves farmers’ incomes by using efficient methods in soil, water, and fertiliser use.
The practice focuses on resource conservation.

No-tillage and residue retention maintain or increase soil organic matter in the topsoil,
providing energy and substrate for soil biotic activities, soil structure, and nutrient cycling.
It promotes above and below ground soil biodiversity, while diversified crop rotations also
enhance biodiversity.

A brief context in India

Conservation agriculture took off in India in 1994 when the Rice-Wheat Consortium was established in

the Indo-Gangetic Plain (IGP) as an ecoregional initiative by the Consultative Group on International

Agricultural Research (CGIAR). In the 1990s, scientists proposed practising no-tillage instead of burning

wheat stubble, which was a common practice among farmers after harvest. However, the penetration of

CA among farmers remained poor initially. Efforts to promote the practice gained momentum with the
launch of the Cereal Systems Initiative for South Asia (CSISA) in 2009. CSISA has promoted CA within
its project innovation hubs in Punjab, Haryana, Uttar Pradesh, and Bihar.°
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CA has seen significant research and development in the last two decades as it is a knowledge-intensive
approach. The Department of Agriculture, Indian Council of Agricultural Research Institutions, and few
others (CIMMYT-International Maize and Wheat Improvement Center, International Rice Research
Institute, Rice-Wheat Consortium) made considerable efforts to develop best CA practices through on-
station and farmers’ participatory research.” Under the ICAR, the Consortium Research Platform (CRP)
on Conservation Agriculture operates in 11 locations across the country to adapt and mainstream CA
practices.®

While there is no specific policy intervention for CA, schemes like the Sub-Mission on Agricultural
Mechanization provide financial assistance for resource conservation techniques (Zero-till Seed Drill, Laser
Leveler, Happy Seeder, Rotavator) and residue management, which supports conservation agriculture. The
Central sector scheme, Promotion of Agricultural Mechanization for in-situ Management of Crop
Residues (2018-2019), supports the efforts of states (Punjab, Haryana, Uttar Pradesh, and NCT of Delhi)
to subsidise machinery required for in-situ management of crop residue, which is an essential aspect of

CA”

Conservation agriculture: acreage, geographies, and
cultivation details

How much area in India is Figure 1. The Indo-Gangetic regions where CA is mostly adopted
under CA? Recent figures estimate around .
2.5 million hectares are under the partial CA < \\M\w}
system in South Asia.'® The partial CA ¢ P

(where at least one crop has no-till, with or L
without residue retention) is considered the

new methodology for area calculation

devised by the CA proponents/experts. - 4

Further, stakeholders consulted affirmed e

that around 80-90 per cent of this area is in 7

India, i.c., approximately 2 million hectares ¥L§
prl

(Tek  Sapkota, CIMMYT, personal ;i_
communications). \ JjP

At which farm size is CA practised? The
practice tends to be adopted more by large- \ 5
scale than small-scale farmers, as machinery \ (
is more suitable for larger plots and is also \ )

more accessible to larger farmers. Though \\ ,:/ gg'
the government gives subsidies for CA I\“. ,(rJ
equipment on a custom-hiring basis, .
smallholder farmers are not utilising it to its 5

full potential (Tek Sapkota, CIMMYT, Source: Author’s compilation from literature reviews and
personal communications). stakeholder consultations
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How many farmers in India are practising CA? The area under CA-based systems is around 2 million
ha, as estimated above, then dividing this by the average landholding size where CA is mostly practised,
i.e., Punjab (3.62 hectares) and Haryana (2.20 hectares)'' can give rough estimates of the farmers practising
CA in the country. The area divided by the average landholding size of both these states suggests roughly
around 700,000 farmers to practise CA in the country.

Where in India is CA prevalent? CA is clustered in a few parts of the country but is mostly concentrated
in the rice-wheat dominant IGP, especially Punjab and Haryana (Figure 1). According to consultations
with stakeholders, CA is also practised in rice-wheat cropping systems in the Eastern Gangetic Plains
(Bihar, West Bengal, Eastern Uttar Pradesh, Odisha) as well as some parts of Southern India with the
insignificant area. The practice has not taken hold in rainfed, semi-arid tropics, arid and mountainous

agro—ecosystems.

Which are the major crops cultivated under CA in India? CA is promoted in only a few crops like rice,
wheat, sugarcane, and maize-based cropping systems in India. It is also used in cotton, mustard, pea,
soybean, pigeon pea, castor, groundnut, pulses, vegetables, cowpea, onion, bean, green gram/black gram,
jute, chickpea-sesame, barley, and sorghum."

Impact of conservaton agriculture

This section considers the economic, social, and environmental impacts of conservation

agriculture.

ECONOMIC IMPACT

1.Yields

CA is promoted as a resource-conserving practice with the potential to increase yields with a lower intake
of inputs; however, reviews of evidence on yield gains from CA systems suggest that the benefits are highly
contextual and only occur after several years. The suitability of CA for specific cropping systems depends
upon the choice of crops and their combinations, including varieties (short/medium/long duration),
sowing time and type, irrigation and nutrient management, weed management, ectc., according to

stakeholders consulted from the ICAR-National Institute of Abiotic Stress Management.

Stakeholders consulted indicate the early phases (1-2 years) of CA adoption can lead to a loss in yields due
to reduced tillage practices resulting in ‘nutrient or nitrogen immobility’. A second caveat is that at times,
sufficient crop residues or mulch may not be available as farmers may not have a good enough harvest or

simply because they would prefer to use them as livestock feed."
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What is nutrient or nitrogen immobility?

During the initial years (1-2 years), CA fields may require more nitrogen input as microbes consume some
nutrients to decompose crop residues, a condition termed as ‘immobilisation.” When reduced tillage and
residue retention are followed under CA systems, it leads to a variation in the N dynamics compared to
conventional farms. The variation is caused when the crop residues (which have a high carbon-to-nitrogen
ratio) decompose because of an increase in biological activity by organisms that lock up the nitrogen (in

their bodies), which leads to nitrogen immobilisation."

In India, as CA is promoted in only rice, wheat, sugarcane, and maize-based cropping systems, the
literature is focused on crop yields for these crops, especially in the IGP. In the IGP, zero-tillage reportedly
gave 10-17 per cent higher yields than conventional tillage in rice and wheat.”'® Another study in the IGP
compared no-till wheat with conventional wheat in a rice-wheat system. It found yield increases ranging
from 200-500 kgs per hectare.'” Various factors, such as improvements in soil fertility and moisture and

rotational crop benefits, are attributed to these higher yields.

In contrast, the few experiments conducted in rainfed regions show that minimum or reduced tillage does
not offer much advantage over conventional tillage regarding yield. As observed in semi-arid conditions,
pearl millet gave higher yields in conventional tillage than in zero-till conditions. More weeds and less

infiltration of water under the zero-till were indicated that led to higher yields.

Yields also vary depending upon the CA approaches and techniques used. For instance, dry direct seeding,
which is an alternative method to transplant rice, is reported to give comparable yields as transplanted
crops in basmati rice, but direct-sown zero-tilled rice cannot compete with transplanted rice in terms of
yield and economics due to heavy weed infestations in the former.'®" With a higher rate of experiments
conducted in the IGP, more scientific efforts are required to understand crop yield gains and CA’s potential

in rainfed areas and other agroecological regions to deduce long-term impact.

2.Income

The scientific evidence claims CA as a resource-conserving practice that reduces production costs through
the precise and optimal use of inputs — fertilisers, herbicides, energy (fuel), costs of tilling (less labour and
use of machinery), labour, water, etc. Residue decomposition, recycling, and plant nutrients, ultimately
reduce the need for fertiliser use, implying savings for farmers.

Though its low input and resource conservation tendencies are amplified in the burgeoning literature on
CA, similar to yield, it is difficult to have a concise understanding of the CA systems' net returns given
that the three principles are rarely followed in combination. Long-term experiments on income are mainly
based on the IGP and in zero-till systems, signalling the need for more of these economic analyses to move

beyond the IGP.

Experts in the field mostly dwell on the fact that optimised input costs result in cutting costs. For instance,
the cost of production is estimated to fall by almost 15-16 per cent through savings to labour, energy, and
water, thus enhancing farmers’ income.?® Specifically, systematic studies done in the IGP quantify the
average cost reductions to be to the tune of INR 5,760 per hectare (USD 78) (roughly down 5 to 10 per
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cent); ranging from INR 3,055 to INR 8,500 per hectare (USD 40-115/hectare) in different soils and

ecoregions.”!

A long-term field experiment (10 years) in a rice-maize rotation system showed CA techniques (zero till
with residue retention and permanent beds with and without residue retention) incurred lower costs than
conventional till due to the avoidance of preparatory tilling.*> Higher net returns were observed due to
yield increases obtained by eliminating tillage methods in rice-wheat in the eastern IGP. In contrast,
additional system net returns were observed when both methods (zero-till and permanent beds) were
combined with crop residue retention tilling.*

To add to the complexity, CA systems' income benefits also tend to vary according to the techniques used.
A comparative cost-benefit analysis of a few of the methods found the highest C:B ratio for double zero
tillage (1.91), followed by bed planting (1.74), brown manuring (1.66), and direct seeding techniques

(1.14). These compared to a C:B ratio on conventional farms of 1.72.%

More research beyond the IGP is necessary to establish conclusive findings of CA in diverse regions.

~ SOCIAL IMPACT

“ 1. Human health

CA contributes to human health by reducing residue burning, which increases GHG
emissions and air pollution in nearby cities. This is made possible through machines like the Happy Seeder,
which help retain the crop residues as mulch on fields and avoid burning residues. Adopting such no-burn
alternatives is known to reduce the associated public health and environmental costs induced by air

pollution.”

Several papers mention the positive outcomes of CA for human health,***?® but these studies lack more

in-depth investigations or experimental studies to understand these impacts in depth.

2. Gender

Very few papers link the practice with gender-based outcomes. However, the use of zero tillage and paddy
transplanters reduced workloads, especially for women farmers, as labour requirements reduced in nursery

preparation, tillage, and replanting.”

Another study in Kendujhar, Odisha evaluated the impact on women following intercropping in CA
systems. This led to an increase in labour hours, particularly for women, who were mainly involved in
weeding that required more precision than fields planted with single crops, leaving them less time for non-

farm activities.>°
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ENVIRONMENTAL IMPACTS

\\// 1. Soil and nutrients

As observed in the literature, soil forms the core of CA as it is widely known to minimise
soil disturbance, control soil erosion, enhance soil carbon sequestration and increase infiltration of water
and the plant-available soil water.’’ These are mainly attained through its fundamental principles that
advocate reducing soil tilling or no-tillage and maintaining a permanent soil cover and soil health through

diversification strategies.

Increasing evidence points towards CA as promoting richer soil biodiversity, structural cohesion, and
protecting against external weather events due to crop residue cover reducing soil erosion. In fact, in

general, CA is known to have the potential to reduce soil erosion by almost 80 per cent.*”

Minimal disturbance produces stable soil aggregates that allow for air and water to infiltrate well. CA
practices like zero or low till avoid soil disturbance, saving nutrients and gradually making them available
for plants. However, nitrogen immobilisation in the initial years of conversion to CA can reduce nitrogen
levels.**Maintaining permanent soil cover using crop residues protects the soil, affects the soil microclimate,
improves the physical, chemical, and biological soil properties, reduces evaporative water loss, and increases
the soil's water retention capacity. Ultimately, when the crop residue decomposes, it is used as mulch to
control weeds and moderate the soil temperature and reduce evaporation.** Diversifying crops increases

nitrogen-use efficiency and recovers nitrates leached into the soil profile.

A considerable amount of progress is seen in experiments on CA for soil. Still, the research needs to be
expanded beyond the IGP regions and its cereal-based cropping system to enable adoption beyond these

well-studied regions.

2. Water

Most of the studies on water and CA tend to emphasise water-use efficiency from CA techniques, such as
no-till, which enhance the water infiltration and holding capacity of soils, reduce evaporation and run-off,
and recharge groundwater. Water infiltration is enhanced due to the permanent soil cover through crop
residues that protect the soil from run-off and prevents water from evaporation better than conventional
fields with less soil cover.

Overall, CA’s water conservation techniques are known to save water by almost 20-35 per cent.*> One
study in the IGP found that zero-tillage direct-seeded rice with residue retention decreased irrigated water
use by 30-50 compared to puddled transplanted rice fields.*® Laser land levelling, a simple technique for
preparing the land before sowing, has particular relevance for water savings. By ensuring an even
distribution of water in every part of the field, it minimises any waste from run-off or waterlogging. An
evaluation of the impact of the technology in rice-wheat systems of north-western IGP showed its immense
potential for lowering the irrigation time for rice compared to traditionally levelled fields.*”
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3. Energy

The literature on energy mostly refers to the potential of minimum tillage and zero tillage systems to reduce
the energy requirements through avoided machinery use. Most examples cited are from the IGP and the
tropical south.® In one study, an improvement in specific energy (81 per cent) and energy use efficiency
(13 per cent) was observed in zero-till compared to conventional till, as the former consumed less energy

for land preparation and irrigation.”

Zero till practices in the rice-wheat systems in the IGP allowed farmers to save around 36 litres of diesel
per hectare and approximately 60-90 per cent of the energy.” An assessment comparing several CA
machines (zero-till drills, strip till drills, roto till drills) with conventional tilling methods found 67 per
cent savings in fuel in no-till plots compared to conventional ones, as the fuel consumption was lower in
the former (11.30 litre/hectare) than the latter (34.62 litre/hectare) leading to 24 litre/hectare of fuel
savings.*!

4. Emissions

There is compelling evidence for the substantial impact of CA systems on carbon sequestration and
emissions, though it mostly comes from the IGP region. The evidence frequently claims that no-till with
residue mulching reduces SOC loss and sequesters carbon due to the accumulation of organic matter in
the soil from retaining crop residues.”>*>* There is also mounting evidence that CA mitigates emissions

by reducing fuel consumption, residue burning, and fertiliser use.**

A meta-analysis of CA practices in the IGP found the annual increases in SOC stock were between 0.16
and 0.49 Mg C ha! yr'.¥’ A study that measured the SOC concentrations in rice-wheat rotations for about
seven years in eastern IGP found zero tillage and partial residue retention boosted SOC benefits.*® A review
study indicates that the carbon sequestration from no-tillage practices ranges between 367-3,667 kgs
COx/hectare/year.” As for emissions, experiments show that farms in the IGP under conventional till
emitted 0.6 Mg of CO; equivalent per hectare. At the same time, zero-till systems sequestered 0.84 Mg of
CO; equivalent per hectare, though no difference was observed between the two systems in terms of nitrous
oxide emissions. Besides, on average, zero-till is known to save about 60 litres of fuel per hectare, reducing

CO; emissions by 156 kgs per hectare per year.>

In summary, the literature confirms that CA systems show great potential to mitigate emissions in several
ways.

5. Biodiversity

Crop rotation and intercropping management practices are done in CA also enhance farm biodiversity.>!
However, the current evidence available and inferences are drawn insignificant; hence, more investigative
studies are needed to understand CA systems' genuine impact on biodiversity.
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Impact evidence

State of available research discussing the impact of conservation farming on various outcomes.

Evidence Yield Income Health Gender Soil & Water Energy GHG Bio-

Type nutrients emissions diversity
Journals 13 4 9 2 49 20 11 12 3
Reports 3 7 1 0 1 0 0 0 0
Articles/case- 0 0 0 0 1 0 0 0 0
studies

Others ** 0 1 0 0 11 0 0 0 0
Total 0 12 10 2 62 20 11 12 3

** Thesis, guidelines, conference papers, etc

Source: Authors’ compilation

Note — The evidence is from the first 75 results examined in Google Scholar Advanced search and the first 30 results from

Google Advanced Search. Only those papers which clearly established the evidence for different indicators were selected.

Stakeholder mapping

The following institutions are involved in the research and promotion of conservation farming; a few

were consulted for this research:

Government institutions Research/implementation institutions NGOs/Civil

society organisations

ICAR - Indian Agricultural International Maize and Wheat Centre for World
Research Institute Improvement Centre (CIMMYT) Solidarity (CWS)
ICAR-Indian Institute of Rice International Crops Research Institute for ~ PRADAN
Research the Semi-arid Tropics (ICRISAT)

Directorate of Wheat Research,  International Food Policy Research Organic Ubuntu
Karnal, Haryana Institute (IFPRI)

ICAR-Central Research Borlaug Institute for South Asia (BISA) Centre for People's
Institute for Dryland Forestry
Agriculture

ICAR- Indian Institute of Soil ~ Cereal Systems Initiative for South Asia Natural Capital
Science (CSISA)

Source: Authors compilation

Note — The stakeholders list is indicative and not exhaustive

THE COUNCIL



Endnotes

! Richards, Meryl, Tek Sapkota, Clare Stirling, Christian Thierfelder, Nele Verhulst, Theodor Friedrich, and Josef Kienzle.
2014. “Practice Brief - Climate Smart Agriculture.” http://dx.doi.org/10.1016/52095-6339(15)30053-8.

? Jat, Mangi Lal, Debashis Chakraborty, Jagdish Kumar Ladha, Dharamvir Singh Rana, Mahesh Kumar Gathala, Andrew
McDonald, and Bruno Gerard. 2020. “Conservation Agriculture for Sustainable Intensification in South Asia.” Nature
Sustainability 3 (4). Springer US: 336-43. doi:10.1038/s41893-020-0500-2.

3 Kumar, Ranjit. 2014. “Socio-Economic Assessment of Conservation Agriculture in India.” In Conservation Agriculture
for Carbon Sequestration and Sustaining Soil Health, edited by ]. Somasundaram. bhopal: New India Publishing Agency.
https://www.amazon.in/Conservation-Agriculture-Carbon-Sequestration-Sustaining/dp/9383305320.

4 Bhan, Suraj, and U K Behera. 2014. “Conservation Agriculture in India — Problems , Prospects and Policy Issues.”
International Soil and Water Conservation Research 2 (4). Elsevier Masson SAS: 1-12. doi:10.1016/52095-
6339(15)30053-8.

> Bhargava, Anil, Camille Boudot, Andre Butler, Guillaume Chomé, Khushboo Gupta, and Rupika Singh. 2017.
“Conservatio Agriculture: Documenting Adoption across the Gangeetic Plains of India.” http://ifmrlead.org/wp-
content/uploads/2016/08/CA-Adoption-Final-Report_12.06.18_Final.pdf.

¢ Ibid

7 Pratibha, G., P.P. Biswas, and S.K. Chaudhari. 2017. “Best Practices of Conservation Agriculture in India.” In , edited by
Pradyumna Raj Pandey and Tayan Raj Gurung, 190. Dhaka: SAARC Agriculture Centre. http://www.doa.gov.bt/wp-
content/uploads/2020/03/Conservation-Agriculture-in-South-Asia.pdf.

8 Biswas, A.K., and RS Chaudhary. 2016. “Consortia Research Platform on Conservation Agriculture.” Bhopal.
htep:/fwww iss.nic.in/CRP on Conservation Agriculture.pdf.

? Ministry of Agriculture and Farmers Welfare. 2018. “Central Sector Scheme on Promotion of Agricultural Mechanization
for In-Situ Management Of Crop Residue In the States Of Punjab, Haryana, Uttar Pradesh And NCT Of Delhi.” New
Delhi. https://agrimachinery.nic.in/Files/Guidelines/ CRM. pdf.

10 Jat, Mangi Lal, Debashis Chakraborty, Jagdish Kumar Ladha, Dharamvir Singh Rana, Mahesh Kumar Gathala, Andrew
McDonald, and Bruno Gerard. 2020. “Conservation Agriculture for Sustainable Intensification in South Asia.” Nature
Sustainability 3 (4). Springer US: 336-43. doi:10.1038/s41893-020-0500-2.

" DAC&FW. 2019. “Agriculture Census 2015-16.” New Delhi.
http://agcensus.nic.in/document/ageen1516/T1_ac_2015_16.pdf.

12 Pradhan, Piyush, Ajay Verma, and Mithlesh Kumar. 2018. “Need of Conservation Agriculture in India: Sustainability.”
International Journal of Current Microbiology and Applied Sciences 7 (1): 308-14. doi:10.20546/ijcmas.2018.701.033.
'3 Richards, Meryl, Tek Sapkota, Clare Stirling, Christian Thierfelder, Nele Verhulst, Theodor Friedrich, and Josef Kienzle.

2014. “Practice Brief - Climate Smart Agriculture.” http://dx.doi.org/10.1016/52095-6339(15)30053-8.

14 Bhadu, Kavita, Rakesh Choudhary, Tanuja Poonia, Payal Patidar, KM and Choudhary, and SK Kakraliya. 2018. “A
Review Paper on Concept , Benefits and Constraints of Conservation Agriculture in India.” International Journal of
Chemical Studies Table 6 (4): 36—40. http://www.chemijournal.com/archives/2018/vol6issue4/PartA/6-3-449-877.pdf.

15 Joshi, P. K. 2011. “Conservation Agriculture: An Overview.” Indian Journal of Agricultural Economics 66 (1): 53-63.
hetps:/ fwww.researchgate.net/publication/285929130_Conservation_agriculture_An_overview.

16 Pradhan, Piyush, Ajay Verma, and Mithlesh Kumar. 2018. “Need of Conservation Agriculture in India: Sustainability.”

International Journal of Current Microbiology and Applied Sciences 7 (1): 308—14. doi:10.20546/ijcmas.2018.701.033.

7 Bhan, Suraj, and U K Behera. 2014. “Conservation Agriculture in India — Problems , Prospects and Policy Issues.”
International Soil and Water Conservation Research 2 (4). Elsevier Masson SAS: 1-12. doi:10.1016/S2095-
6339(15)30053-8

'8 Jat, ML, RK Malik, YS Saharawat, Raj Gupta, Mal Bhag, and Raj Paroda. 2011. “Regional Dialogue on Conservation
Agriculture in South Asia.” In Regional Dialogue on Conservation Agricultural in South Asia, edited by ML Jat, RK
Malik, YS Saharawat, Raj Gupta, Mal Bhag, and Raj Paroda, 48. New Delhi: CIMMYT; APAARI; ICAR.

THE COUNCIL



! Pratibha, G., P.P. Biswas, and S.K. Chaudhari. 2017. “Best Practices of Conservation Agriculture in India.” In , edited by
Pradyumna Raj Pandey and Tayan Raj Gurung, 190. Dhaka: SAARC Agriculture Centre. http://www.doa.gov.bt/wp-
content/uploads/2020/03/Conservation-Agriculture-in-South-Asia.pdf.

2 Bhadu, Kavita, Rakesh Choudhary, Tanuja Poonia, Payal Patidar, KM and Choudhary, and SK Kakraliya. 2018. “A
Review Paper on Concept , Benefits and Constraints of Conservation Agriculture in India.” International Journal of
Chemical Studies Table 6 (4): 36-40.

21 Tbid

2 Jat, R K, Ravi G Singh, Mukesh Kumar, M L Jat, C M Parihar, Deepak Bijarniya, ] M Sutaliya, et al. 2019. “Ten Years
of Conservation Agriculture in a Rice — Maize Rotation of Eastern Gangetic Plains of India : Yield Trends , Water
Productivity and Economic Profitability.” Field Crops Research 232 (April 2018). Elsevier: 1-10.
doi:10.1016/j.fcr.2018.12.004.

2 Tbid

% Pratibha, G., P.P. Biswas, and S.K. Chaudhari. 2017. “Best Practices of Conservation Agriculture in India.” In , edited by
Pradyumna Raj Pandey and Tayan Raj Gurung, 190. Dhaka: SAARC Agriculture Centre. http://www.doa.gov.bt/wp-
content/uploads/2020/03/Conservation-Agriculture-in-South-Asia.pdf.

» Shyamsundar, P., N. P. Springer, H. Tallis, S. Polasky, M. L. Jat, H. S. Sidhu, P. P. Krishnapriya, et al. 2019. “Fields on
Fire: Alternatives to Crop Residue Burning in India.” Science, August. doi:10.1126/science.aaw4085.

%6 Bhan, Suraj, and U K Behera. 2014. “Conservation Agriculture in India — Problems , Prospects and Policy Issues.”
International Soil and Water Conservation Research 2 (4). Elsevier Masson SAS: 1-12. doi:10.1016/S2095-
6339(15)30053-8.

7 Jat, ML;, AK; Biswas, H; Pathak, AJ; McDonald, AK; Patra, CL; Acharya, PC; Sharma, et al. 2018. “The Conservation
Agriculture Roadmap for India.” New Delhi. https://repository.cimmyt.org/handle/10883/19585.

8 Mishra, ].S, B.P Bhatt, A Arunachalam, and M.L Jat. 2020. “Conservation Agriculture for Sustainable Intensification in
Eastern India.” Policy Brief. New Delhi

¥ Kumar, Ranjit. 2014. “Socio-Economic Assessment of Conservation Agriculture in India.” In Conservation Agriculture
for Carbon Sequestration and Sustaining Soil Health, edited by ]. Somasundaram. bhopal: New India Publishing Agency.
https://www.amazon.in/Conservation-Agriculture-Carbon-Sequestration-Sustaining/dp/9383305320.

%9 Lai, Cynthia, Catherine Chan, Jacqueline Halbrendt, Linsey Shariq, and Pravat Roul. 2012. “Comparative Economic and
Gender , Labor Analysis of Conservation Agriculture Practices in Tribal Villages in India.” International Food and
Agribusiness Management Review 15 (1): 73-86. https://econpapers.repec.org/article/agsifaamr/120859 .htm.

3! Pratibha, G., P.P. Biswas, and S.K. Chaudhari. 2017. “Best Practices of Conservation Agriculture in India.” In , edited by
Pradyumna Raj Pandey and Tayan Raj Gurung, 190. Dhaka: SAARC Agriculture Centre. http://www.doa.gov.bt/wp-
content/uploads/2020/03/Conservation-Agriculture-in-South-Asia.pdf.

32 Richards, Meryl, Tek Sapkota, Clare Stirling, Christian Thierfelder, Nele Verhulst, Theodor Friedrich, and Josef Kienzle.
2014. “Practice Brief - Climate Smart Agriculture.” http://dx.doi.org/10.1016/S2095-6339(15)30053-8.

3% Bhadu, Kavita, Rakesh Choudhary, Tanuja Poonia, Payal Patidar, KM and Choudhary, and SK Kakraliya. 2018. “A
Review Paper on Concept , Benefits and Constraints of Conservation Agriculture in India.” International Journal of
Chemical Studies Table 6 (4): 36-40. http://www.chemijournal.com/archives/2018/vol6issue4/PartA/6-3-449-877.pdf.

3 Bhan, Suraj, and U K Behera. 2014. “Conservation Agriculture in India — Problems , Prospects and Policy Issues.”
International Soil and Water Conservation Research 2 (4). Elsevier Masson SAS: 1-12. doi:10.1016/S2095-
6339(15)30053-8.

35 Bhadu, Kavita, Rakesh Choudhary, Tanuja Poonia, Payal Patidar, KM and Choudhary, and SK Kakraliya. 2018. “A
Review Paper on Concept , Benefits and Constraints of Conservation Agriculture in India.” International Journal of
Chemical Studies Table 6 (4): 36—40. http://www.chemijournal.com/archives/2018/vol6issue4/PartA/6-3-449-877.pdf.

3¢ Gathala, Mahesh K., Virender Kumar, P. C. Sharma, Yashpal S. Saharawat, H. S. Jat, Mainpal Singh, Amit Kumar, et al.
2013. “Optimizing Intensive Cereal-Based Cropping Systems Addressing Current and Future Drivers of Agricultural
Change in the Northwestern Indo-Gangetic Plains of India.” Agriculture, Ecosystems and Environment 177 (September).
Elsevier B.V.: 85-97. d0i:10.1016/j.agee.2013.06.002.

37 Aryal, Jeetendra Prakash, Meera Bhatia Mehrotra, M. L. Jat, and Harminder Singh Sidhu. 2015. “Impacts of Laser Land
Leveling in Rice—Wheat Systems of the North—Western Indo-Gangetic Plains of India.” Food Security 7 (3): 725-38.
doi:10.1007/s12571-015-0460-y

38 Jat, Ram A, Suhas P Wani, P Pathak, Piara Singh, Kanwar L Sahrawat, Girish Chander, and R S Sudi. 2015. “Evaluating

L [ ]

THE COUNCIL



Climate Change Mitigation and Adaptation Potential of Conservation Agriculture in Semi-Arid Tropics of Southern
India.” British Journal of Environment & Climate Change 5 (4): 324-38. doi:10.9734/BJECC/2015/18479.

% Ghosh, Sonaka, T K Das, D K Sharma, and Kamlika Gupta. 2019. “Potential of Conservation Agriculture for Ecosystem
Services : A Review.” Indian Journal of Agricultural Sciences 89 (10): 1572-79.

“ Duary, B, K. Charan Teja, M.K. Bhowmick, and N.R. Chakraborty. 2016. “Conservation Agriculture - A Viable Option
for Diversification, Mitigation of Climate Change and Rural Livelihood Security in Eastern India.” In Essays on Indian
Economic Problems, edited by P.K Chattopadhyay, First Edit, 153-62. New Delhi: Renu Publishers.
http:/fwww.akdcentrevisvabharati.org/pdf/Essays on Indian Economic Problems.pdf.

1 Pradhan, Piyush, Ajay Verma, and Mithlesh Kumar. 2018. “Need of Conservation Agriculture in India: Sustainability.”
International Journal of Current Microbiology and Applied Sciences 7 (1): 308—14. doi:10.20546/ijcmas.2018.701.033.
42 Jat, Ram A, Suhas P Wani, P Pathak, Piara Singh, Kanwar L Sahrawat, Girish Chander, and R S Sudi. 2015. “Evaluating
Climate Change Mitigation and Adaptation Potential of Conservation Agriculture in Semi-Arid Tropics of Southern

India.” British Journal of Environment & Climate Change 5 (4): 324-38. doi:10.9734/BJECC/2015/18479.

4 Sapkota, T. B., R. K. Jat, R. G. Singh, M. L. Jat, C. M. Stirling, M. K. Jat, D. Bijarniya, et al. 2017. “Soil Organic
Carbon Changes after Seven Years of Conservation Agriculture in a Rice-Wheat System of the Eastern Indo-Gangetic
Plains.” Soil Use and Management 33 (1). Blackwell Publishing Ltd: 81-89. doi:10.1111/sum.12331.

# Ghosh, Sonaka, T K Das, D K Sharma, and Kamlika Gupta. 2019. “Potential of Conservation Agriculture for Ecosystem
Services : A Review.” Indian Journal of Agricultural Sciences 89 (10): 1572-79.

# Aryal, Jeetendra Prakash, Tek B. Sapkota, M. L. Jat, and Dalip K. Bishnoi. 2015a. “On-Farm Economic and
Environmental Impact of Zero-Tillage Wheat: A Case of North-West India.” Experimental Agriculture 51 (1).
Cambridge University Press: 1-16. doi:10.1017/5001447971400012X.

% Shyamsundar, P., N. P. Springer, H. Tallis, S. Polasky, M. L. Jat, H. S. Sidhu, P. P. Krishnapriya, et al. 2019. “Fields on
Fire: Alternatives to Crop Residue Burning in India.” Science, August. doi:10.1126/science.aaw4085.

47 Powlson, David S., Clare M. Stirling, Christian Thierfelder, Rodger P. White, and M. L. Jat. 2016. “Does Conservation
Agriculture Deliver Climate Change Mitigation through Soil Carbon Sequestration in Tropical Agro-Ecosystems?”
Agriculture, Ecosystems and Environment 220 (March). Elsevier: 164-74. doi:10.1016/j.agee.2016.01.005.

# Sapkota, T. B., R. K. Jat, R. G. Singh, M. L. Jat, C. M. Stirling, M. K. Jat, D. Bijarniya, et al. 2017. “Soil Organic
Carbon Changes after Seven Years of Conservation Agriculture in a Rice-Wheat System of the Eastern Indo-Gangetic
Plains.” Soil Use and Management 33 (1). Blackwell Publishing Ltd: 81-89. doi:10.1111/sum.12331.

¥ Biswas, A.K., and RS Chaudhary. 2016. “Consortia Research Platform on Conservation Agriculture.” Bhopal.
htep:/fwww iiss.nic.in/CRP on Conservation Agriculture.pdf.

% Pratibha, G., P.P. Biswas, and S.K. Chaudhari. 2017. “Best Practices of Conservation Agriculture in India.” In , edited by
Pradyumna Raj Pandey and Tayan Raj Gurung, 190. Dhaka: SAARC Agriculture Centre. http://www.doa.gov.bt/wp-
content/uploads/2020/03/Conservation-Agriculture-in-South-Asia.pdf.

3! Biswas, A.K., and RS Chaudhary. 2016. “Consortia Research Platform on Conservation Agriculture.” Bhopal.
htep://www iss.nic.in/CRP on Conservation Agriculture.pdf.

THE COUNCIL


http://www.iiss.nic.in/CRP%20on%20Conservation%20Agriculture.pdf

Suggested citation: Gupta, Niti, Shanal Pradhan, Abhishek Jain, and Nayha Patel. 2021. Sustainable Agriculture in India
2021: What We Know and How to Scale Up. New Delhi: Council on Energy, Environment and Water

The Council on Energy, Environment and Water (CEEW) is one of Asia’s leading not-for-profit policy research institutions.
The Council uses data, integrated analysis, and strategic outreach to explain — and change — the use, reuse, and misuse of
resources. It prides itself on the independence of its high-quality research, develops partnerships with public and private
institutions, and engages with wider public. In 2021, CEEW once again featured extensively across ten categories in the 2020
Global Go To Think Tank Index Report. The Council has also been consistently ranked among the world’s top climate change
think tanks. Follow us on Twitter @ CEEWIndia for the latest updates.

FOLU Coalition: Established in 2017, the Food and Land Use Coalition (FOLU) is a community of organisations and
individuals committed to the urgent need to transform the way food is produced and consumed and use the land for people,
nature, and climate. It supports science-based solutions and helps build a shared understanding of the challenges and
opportunities to unlock collective, ambitious action. The Coalition builds on the work of the Food, Agriculture, Biodiversity,
Land Use and Energy (FABLE) Consortium teams which operate in more than 20 countries. In India, the work of FOLU is
being spearheaded by a core group of five organisations: Council on Energy, Environment and Water (CEEW), the Indian
Institute of Management, Ahmedabad (IIMA), The Energy and Resources Institute (TERI), Revitalising Rainfed Agriculture
Network (RRAN) and WRI India.
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