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Foreword

With abiotic stresses intensifying and reshaping the country’s production and
productivity landscape, Indian agriculture stands at a critical moment. Abiotic stresses
such as drought, heat, salinity, flooding, cold, and soil degradation pose mounting
pressures on national food security and farmer incomes. The challenges of climate
variability, resource constraints, and the increasing complexity of farming in
diversifying environment need immediate attention to address these in a coordinated,
science-led and systems-oriented policy response that integrates technological
advancement, evidence-based planning and institutional synergy for execution.

This document, “Abiotic Stress Resilience in Indian Agriculture: A Policy
Framework,” prepared by Bhaskar B. Gaikwad, N. P. Kurade, Santosha Rathod,
Nobin Chandra Paul, Navyasree Ponnaganti, K. Ravi Kumar, Sachin S. Pawar, Pratap
S. Khapte, Sushil S. Changan, Mukeshkumar P. Bhendarkar, A. Amarender Reddy,
K. Srinivas, Nalint Ranjan Kumar, Anjani Kumar, P. K. Rai, and K. Sammi Reddy,
synthesizes the understanding of the team and the deliberations of the Brainstorming
Workshop on Biotic and Abiotic Stress Management and Policy Issues in Indian
Agriculture held on 21-22 July 2025 at ICAR-NIBSM, Raipur.

This document outlines a strategic framework for enhancing India’s
preparedness for abiotic stresses through integrated research, climate-resilient
technologies, improved soll and water management, data-driven monitoring systems,
and strengthened institutional coordination. It emphasizes the need to scale stress-
tolerant varieties, modernize irrigation, restore degraded lands, and leverage digital
and precision tools that should lead to anticipatory and adaptive decision-making.

This document will serve as a valuable resource for policymakers,
researchers, development agencies, and state departments in shaping long-term
strategies for resilient agriculture. The recommendations presented here offer
actionable pathways to reduce vulnerability, safeguard productivity, and promote
sustainable growth across India’'s farming systems.

| congratulate the authors for their effort in bringing out this policy framework
that will help advance informed dialogue and decisive actions toward building a
climate-resilient and secure agricultural future for the country.

Ph. : +91-11-25848364 Fax : +91-11-25848366 E-mail : ddgnrm.icar@gmail.com, ak.nayak@icar.org.in Website : www.icar.org.in
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Executive Summary

Indian agriculture faces growing challenges from abiotic stresses such as
drought, heat, salinity, waterlogging, cold, and nutrient deficiencies, as
well as from the combined effects of these stresses. Together, they
threaten food security, farmer livelihoods, and the sustainability of
agricultural systems. With about 68% of India's cultivated area still
drought-prone and nearly 146.7 Mha (44% of the total land area)
degraded, abiotic stresses continue to cause yield gaps exceeding 50% of
the potential output, leading to majoreconomic losses.

Climate change is intensifying these challenges. By 2050, India is
projected to experience a rise in mean temperatures by 1.5 to 2.5°C
across agricultural regions, along with altered monsoon patterns showing
10to 15% variability in rainfall distribution. These shifts may lead to a 26%
increase in the risk of rice production failure at the district level, a 21.6%
reduction in rainfed rice yields under high-emission scenarios, and an
expansion of salinity-affected areas by an additional2to 3 Mha.

This policy paper presents a comprehensive, evidence-based
framework to strengthen abiotic stress resilience in Indian agriculture.
Drawing on recent scientific research, government programmes, and
global best practices, it outlines integrated strategies that combine
technology development, institutional support, policy reforms, and
farmer empowerment. The framework emphasizes preventive risk
management, climate-smart agriculture, precision-based interventions,
and active participation of all stakeholders aligned with India's
commitmentto sustainable developmentand climate action.

Key Recommendations:
e Establish a unified National Abiotic Stress Management Mission
with dedicated funding adequate over five years for field-level
implementation
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Promote climate-resilient crop varieties and stress-tolerant
germplasm along with corrective measures to cover at least 50%
ofvulnerable areas by 2030.

Expand irrigation coverage to 60 Mha with a strong focus on water-
use efficiency and sustainable resource management.

Develop district-level Climate Risk Atlases to enable targeted and
region-specificinterventions.

Strengthen soil health management to restore about 5 Mha of
degraded land by 2030.

Integrate evidence-based policy evaluation frameworks for better
decision-making.

Establish 1000 climate-smart villages in vulnerable districts to
promote participatory adaptation and community-led resilience.
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1. Background

Agriculture remains the backbone of India's food, nutritional and
livelihood security, supporting nearly half the population and contributing
about 18.3% to the national GDP. As a multi-sectoral system covering
crops, horticulture, livestock, fisheries and forestry, it plays a central role
not only in food supply but also in employment, rural incomes and
ecological stewardship. Despite its demographic importance, the
sector's share in GDP has gradually declined with economic
diversification, while more than 47% of the population still depends on
agriculture for livelihood, increasing overall exposure to production and
income shocks. The socio-institutional fabric further shapes vulnerability:
over 85% of Indian farmers are small or marginal, many facing limited
education, indebtedness and poor access to irrigation, inputs and credit.
Institutional intermediaries such as KVKs are pivotal for technology
dissemination, but they are often under-resourced, and many promising
innovations struggle to scale due to unstable financing.

CurrentVulnerabilities

India cultivates ~180.11 Mha, of which 43 Mha are fully irrigated, 23 Mha
partially irrigated and 68% of the cultivated area remains drought-prone
(DA&FW, 2023). Such a large dependence on rainfed agriculture
heightens susceptibility to weather variability. Simultaneously, about
146.7 Mha ~ 44% of the country's total land area is degraded, largely
through water erosion that removes nutrients, lowers soil productivity and
accelerates reservoir siltation (Bhattacharyya et al., 2015). Soil fertility
challenges further aggravate the situation. Imbalanced fertilizer use and
an overreliance on subsidized NPK formulations have reduced soil
organic matter and led to widespread deficiencies of micronutrients such
as zinc, boron and sulfur (Das et al., 2022). Results from the Soil Health
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Card Mission indicate that more than 70% of soils are either acidic or
alkaline and that 55-60% contain low soil organic carbon, pointing to
systemic nutrient imbalances and declining soil health. Mechanization
levels in India is still limited (247% compared with over 75% in several
developed agricultural economies) (Singh, 2020). Mechanization levels
also remain skewed (generally lesser in abiotically stressed areas),
hampering timeliness and field efficiency leading to higher yield penalties
particularly during shortened or unpredictable weather windows and
labour shortage scenarios. About 69% of India's landholdings are
marginal (<1 ha), and fragmented ownership combined with low access
to capital, limits the adoption of climate-resilient and resource-efficient
technologies (Das et al., 2022). While livestock, poultry and fisheries now
contribute >35% to agricultural GDP (2021-22), supporting
infrastructure, veterinary services, cold chains and extension systems is
frequently inadequate. Rising input costs, market volatility and
inconsistent extension support further contribute to chronic stress on
farm viability. In essence, the current status of the sector reflects a
convergence of ecological degradation, resource constraints and
institutional bottlenecks that collectively reduce the system's adaptive
capacity.
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2. The Abiotic Stress Challenge

Agricultural productivity in India is significantly constrained by interacting
abiotic and biotic stresses. Abiotic stresses like drought, heat, cold, salinity,
flooding, acidity and erosion, create yield gaps that frequently exceed 50%
of potential productivity, while biotic stresses from pests, diseases and
weeds add another 20-30% loss (Anderson et al., 2016). Climate change is
intensifying these pressures by increasing the frequency and severity of
heat waves, prolonged dry spells, erratic rainfall, cyclones and other
extreme events (DA&FW, 2023). Land degradation—particularly water
erosion remains the dominant environmental constraint across many
regions and accounts for a major share of India's degraded geographical
area, contributing to nutrient loss, reduced productivity and siltation of
water bodies (NAAS, 2017). Importantly, these stresses are not static. They
vary across space and time, shifting with monsoon patterns, agroecological
conditions and seasonal cycles causing yield reduction and losses and is
not limited to the tabulated overview as given under Table1 (stress type-
wise), 2 (crop-wise).

Table 1: Estimated yield losses due to abiotic stresses in India

Abiotic Area Affected (Million Yield Primary References
Stress Type ha) Loss (%) | Affected Crops
Drought ~68 % of cultivated area | 30to 50 Rice, wheat, Deptt. of Agriculture
drought-prone (95 Mha) pulses, coarse & Farmers Welfare
cereals (2023); Anderson,
Johansen, & Siddique
(2016)
Heat Stress ~ 45 to 60 Mha in Indo- 15t0 25 Wheat, mustard, | IPCC (2022); JOEAR
Gangetic and central chickpea, (2024)
plains vulnerable vegetables
Heat stressed areas 50 Livestock (milk)
25-35 Poultry (Egg)
Salinity & ~6.73 Mha salt-affected | 20 to 40 Rice, wheat, Tyagi (2016, CSSRI);
Alkalinity land (CSSRI data) cotton, Prevention Web
sugarcane (2023)
Waterlogging | ~8to 12 Mha chronically | 25to 45 Rice, pulses, Central Water
& Flooding waterlogged (CWC & vegetables Commission (2012,
IIWM) 2023); Ahmed (2012)
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Cold Stress / ~5 to 8 Mha in northern 10to 30 Wheat, potato, DA&FW (2023); IPCC
Frost and hill regions vegetables, (2022)
horticultural
crops
Nutrient ~120to140 Mha 10to 20 All major crops NAAS (2017); Das et
Deficiency / degraded or nutrient- al. (2022)
Poor Soil deficient (37 % of total
Health land)
Table 2: Crop-specific yield reductions due to abiotic stresses
Crop Baseline Projected / Yield Loss Key Stress Factors Reference
Yield (t Observed Yield | (%)
ha™) (2030s —
2080s)
Rice (Irrigated) | 2.2 (1976 -3% (2020);-2 | -2to Heat, drought, Kumar et
t0 2005 to -5 % (2050- -5% rainfall variability al.,, 2019
baseline) 2080 RCP 2.6-
8.5)
Rice (Rainfed) | 2.13 -20 % (2050); - | -20to-47 Drought, heat, Kumar et
(1976 47 % (2080 % salinity al., 2019
102005 RCP 8.5)
baseline)
Rice (North 6.3t07.7 Decline to 6.0 -5to High temp. during Singh et al.,
India) (range) by 2050 -15 % reproductive stage 2017
(Approx.)
Wheat 3.2t03.5 -8t0-19% -8to-41% | Terminal heat, Kumar et
(Projected) (2050); -18to - moisture stress al.,, 2019
41 % (2080
RCP 4.5-8.5)
Wheat (2022 3.3 (2021 -10t0-25% -10to-25 Terminal heat, early | CRIDA,
Heatwave) to22 avg.) | (Punjab- % maturity 2022;
Haryana) CGIAR,
2022
Maize 2.9t03.0 -10t0-18 % -10to-18 Heat, drought, FAW CRIDA,
(2022 % attack 2022
heatwave
Punjab-MP)
Chickpea 0.9to1.1 -19t0-35% -20to -35 Heat, drought CRIDA,
(Pulses) (heat & drought | % 2022
episodes)
Sugarcane 70to 80 -20t0-37 % -20to-37 Drought, salinity, SBI, 2024
(drought, % waterlogging
salinity,
waterlogging)
Vegetables Variable -25t0 -50 % -25to0 -50 Heat, cold, flooding CRIDA,
(Horticultural (10to 25) | (heat, frost, % 2021;
Crops) flooding) IPCC,
2022
Green Gram 0.8t01.0 -151t0-20 % -15t0-20 Heat, whitefly CRIDA,
(Moong) (2022 % infestation 2022
heatwave)
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Spatial extent of the abiotic stresses

The spatial extent of the major abiotic stresses as listed in Table 3 and 4
reverify the important of addressing it on priority. The spatiotemporal
variability of the abiotic stresses make it increasingly difficult for farmers
and institutions to rely on traditional knowledge alone for risk
management. It also underscores the need for advanced modelling
frameworks capable of integrating weather, soil, water and crop data to
track stress dynamics and generate location-specific advisories. As
climate extremes intensify and stress interactions become more
complex, building such predictive and adaptive capacities becomes
central to India's broader strategy for climate resilience and sustainable
agriculturalgrowth.

Table 3: State-Wise Distribution of Major Abiotic Stresses.

State/Region | Primary Abiotic Stress | Major Crops Affected | Projected 2050 Impact
Rajasthan Drought, Heat, Salinity Pearl Millet, Pulses, Increased temperature,
Mustard yield reduction
Maharashtra Drought, Heat Cotton, Soybean, Increased drought
Pulses frequency, heat stress

Punjab & Waterlogging, Salinity, Rice, Wheat Salinity expansion,

Haryana Heat groundwater issues

Uttar Waterlogging, Salinity, Rice, Wheat, Rainfall variability, heat

Pradesh Frost Sugarcane stress

Bihar Flooding, Drought, Heat Rice, Wheat, Maize Heat stress, rainfall

extremes, yield loss

Tamil Nadu Drought, Salinity Rice, Pulses, Cotton Drought vulnerability, water
(coastal) scarcity

Gujarat Salinity (coastal), Cotton, Groundnut, Salinity, erratic rainfall
Drought Wheat

Odisha Flooding, Cyclones, Rice, Pulses Cyclone damage, coastal
Salinity vulnerability

Madhya Drought, Heat Rice, Wheat, Pulses, Rainfall variability, heat

Pradesh Oilseeds stress

North-East Flooding, Soil Acidity, Rice, Maize, Heavy rainfall, soil

States Erosion Horticulture degradation

Himalayan Cold Stress, Frost, Wheat, Potato, Erratic snowfall, frost

States Erosion Horticulture damage

Source: (Rao et al., 2022; Sahana & Mondal, 2023; Balaganesh et al., 2020;
Tesfaye et al., 2017; Jha et al,, 2021)
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Table 4: Area affected by different abiotic stresses in India.

Abiotic Stress Area (Mha) References
Type
Drought-prone 68 Tyagi et al., 2020
Area
Waterlogging 14 Kumar & Sharma, 2020
Degraded Land 147 Bhattacharyya et al., 2015; Kumar & Sharma, 2020
Salinity & 6.7-7.3 Kumar & Sharma, 2020; Arulmathi & Porkodi, 2020
Alkalinity
Nutrient widespread but not Bhattacharyya et al., 2015; Kumar & Sharma, 2020
Deficiency mapped as a distinct
area
Edaphic Stresses

The total land area affected by degradation in India is estimated at 146.8
Mha, reflecting a major constraint to sustainable agricultural productivity.
Water erosion is the most dominant form, accounting for 93.7 Mha,
followed by soil acidity (16.0 Mha) and waterlogging (14.3 Mha). Other
forms such as wind erosion (9.5 Mha), salinity/alkalinity (5.9 Mha) and
complex degradation issues (7.4 Mha) also contribute significantly.
(Bhattacharyya et al., 2015; Mythili and Goedecke, 2016; CSSRI, 2016).
The predominance of water erosion highlights the critical need for soil and
water conservation strategies, particularly in rainfed and hilly regions,
while problems like salinity and acidity require region-specific

Extent of Land Degradation in India (Grand Total)
Source: NBSS&LUP-ICAR (1:250,000 scale)
120

93.7 Mha

Area (million hectares)
(-] w0
o o

(=3
=3

14.3 Mha

5.9 Mha 7.4 Mha 9.5 Mha

0

Salinity/Alkalinity Complex Problems Wind Erosion Water Logging Soil Acidity Water Erosion
Type of Land Degradation
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Salt-Affected Soils by State

Area in million hectares

2.23 M ha

1.37 M ha

Area (M ha)

0.44 M ha

0.38 M ha

o

Rajasthan West Bengal Maharashtra Uttar Pradesh Gujarat

reclamation and nutrient managementinterventions. Indiahas about6.73
million ha of salt-affected soils, with nearly 75% of the salt-affected area
is concentrated in Gujarat (2.23 Mha), Uttar Pradesh (1.37 Mha),
Maharashtra (0.61 Mha), West Bengal (0.44 Mha) and Rajasthan (0.38
Mha).

Production and Monetary Losses Due to Salinity

Salinity poses a significant challenge to agricultural productivity in India.
Accordingto estimates from ICAR-CSSRI, salinity leads to a loss of nearly
5.66 million tonnes of crop production annually at the national level,
which corresponds to an economic loss of around Rs. 80,000 million (Rs.
8,000 crore) (Sharma et al. 2016). A state-wise analysis shows that
Gujaratexperiences the maximum production loss (2.72 M 1t), followed by
Maharashtra (0.92 M t), West Bengal (0.89 M t) and Andhra Pradesh (0.40
M t). In monetary terms as well, Gujarat incurs the highest loss of about
Rs. 49,000 million, followed by West Bengal (Rs. 12,000 million),
Maharashtra and Andhra Pradesh (each Rs. 5,000 million (Approx.),
Rajasthan (Rs. 4,000 million), Odisha (Rs. 3,000 million) and Haryana (Rs.
1,000 million). The adverse effects are also evident across crop types:
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pulses sustain the greatest losses in Gujarat, followed by Rajasthan and
West Bengal, while oilseed losses are highest in Gujarat, with smaller
impacts observed in West Bengal, Rajasthan, and Maharashtra (ICAR-
CSSRI,2016).

Production Loss Due to Salinity (India)
State-wise contribution (million tonnes)

Gujarat 272 Mt
Maharashtra State
Andhra Pradesh
West Bengal 0.89 Mt e
Maharashtra
Others
Others 0.73 Mt West Bengal
Andhra Pradesh l 0.4 Mt
0 1 2 3
Production loss (Mt)
Monetary Loss Due to Salinity (India)
State-wise economic loss (Z crore)
6000
4900 ¥ crore
State
4000 Andhra Pradesh
Gujarat
Haryana

Maharashtra
Qdisha

Rajasthan
West Bengal

Loss (¥ crore)

2000

500 % crore 500 ¥ crore
300 % crore 400 ¥ crore
100 ¥ crore
g A —
Haryana Odisha Rajasthan Andhra Pradesh Maharashtra West Bengal Gujarat
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Abiotic stress impacts Cross pronounced by other sectoral
challenges

The cross sectoral challenges additionally amplify the impact of current
abiotic stress challenge. They become more pronounced by fragmented
policies, poor resource management, and limited technology integration
as tabulated below that shows the core threat across crops, livestock,
and fisheries sectors.

Table 5: Impact of current abiotic stress challenges intensified by other
categories of challenges

Constraints

smallholder states.

* Fragmented landholdings (~1 ha average)
and declining rural labor (<40% workforce)
limit timely operations.

¢ Custom-hiring services, FPO machinery
pools, and women’s mechanization
initiatives remain underdeveloped.

* Repair, training, and service infrastructure
are inadequate.

Category of Common Challenges & Impacts Across Sector-Specific Examples
Challenge Sectors

1.Mechanization | ¢ National mechanization level ~47%; - Crops: Low mechanization
and Labor Punjab-Haryana (~75%) far exceed (<45%) delays harvests,

especially in pulses and millets.
- Livestock/Fisheries: Minimal
mechanized feeding, cooling, or
aeration systems.

2. Infrastructure

* Poor storage, processing, and cold chain

- Crops: 10-15% post-harvest

and Technology | infrastructure across sectors. losses due to weak logistics.
Gaps * Weak adoption of precision agriculture, - Livestock: Poor cooling

10T, and digital tools due to cost and training | facilities reduce milk quality. -

barriers. Fisheries: Inadequate cold

chains and hatchery systems.

3. Policy and * Sectoral programs operate in silos —e.g., - All sectors: Fragmented
Institutional PMKSY (irrigation), NMSA (watershed), governance leads to inefficient
Gaps IWMP (soil) lack integration. stress management and limited

* Disconnected input and sustainability cross-sectoral convergence.

policies — fertilizer subsidy not aligned with

soil health goals.

¢ Absence of national land-use policy, weak

coordination between weather advisories,

insurance (PMFBY), and extension.

* Limited coverage of weather-index

insurance and credit for climate-proofing

smallholders.
4. Market and * Price volatility, lack of MSP for horticulture | - Horticulture & Fisheries:
Value Chain and animal products, weak cold chains, and | Price crashes and perishability
Issues poor aggregation reduce profitability. losses.

- Livestock: Milk and meat
marketing unorganized.
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5. Knowledge
and Extension
Gaps

¢ Research-adoption divide: stress-tolerant
varieties and conservation practices not
widely used.

* Weak feedback loops between farmers,
KVKs, and R&D systems.

* Limited awareness of sustainable soil and
water management.

- Crops: Poor uptake of
climate-resilient genotypes.

- Livestock: Low awareness of
cooling and nutritional stress
mitigation.

- Fisheries: Limited capacity on
water quality and climate-risk
management.

6. Socio-
Economic
Vulnerabilities

* 86% of farms under 2 ha; low income,
limited insurance, and low adaptive
capacity. ®* Gender inequities in
mechanization and credit access persist.

- All sectors: Small and
marginal producers most
exposed to shocks; women
farmers under-supported.

10
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3. Technologies for Stress Management in Indian Agriculture

India has developed a diverse set of climate-resilient, biological, and
digital technologies for managing abiotic stresses. Following tables
summarizes its Primary Function / Application; Key Benefits / Impact;
Current Adoption / Status; Constraints / Gaps and Lead Implementing
Agencies/Supporting Schemes by Government of India.

Table 6. Existing Technologies for Abiotic Stress Management in Indian
Agriculture

Technology / Primary Key Benefits Current Constraints | Lead
Intervention Function / / Impact Adoption / / Gaps Implementing
Application Status Agencies /
Supporting
Schemes
Stress-Resilient Drought, ¢ Yield Widely Limited seed | ICAR, SAUs,
Crop Varieties flood, stability (1-3 deployed in access, National
salinity and t/ha eastern, weak Innovations in
heat advantage). ¢ coastal, and extension, Climate
tolerancein | Key semi-arid regional Resilient
cereals, examples: regions via adaptation Agriculture
pulses, Sahbhagi ICAR-SAU issues. (NICRA),
oilseeds, Dhan, networks. National Food
millets. Swarna-Sub1, Security
HD-3086. Mission
(NFSM).
Plant Growth Regulate * Improves Usedin High cost, ICAR institutes,
Regulators plant root growth, cotton, fruits, need for State
(PGRs) physiology antioxidant and precise Horticulture
under defense, and vegetables; application, Missions, RKVY
drought, photosynthesi | trials low farmer (forinput
salinity, and | s. ® Salicylic expanding to awareness. support).
heat stress. | acid cereals.
enhances
drought
tolerance.
Biofertilizers Enhance * Improve N Expanding Quality NMSA,
(Rhizobium, nutrient fixation, P under organic | inconsistenc | Paramparagat
Azotobacter, uptake, soil | solubilization, | and y, limited Krishi Vikas
Mycorrhiza)* health, and soil structure; | sustainable shelf life, Yojana (PKVY),
stress sustainyields | farming low RKVY,
resilience. under programs. extension NMOOP, ICAR-
drought/salini outreach. NBSS&LUP.
ty.
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Biopesticides Eco-friendly | e Induce Usedin Slower Central
(Trichoderma, pest/diseas | systemic horticulture, action, Insecticides
Bt, neem e control resistance, cotton, and product Board &
extracts)* under protect pulses. quality Registration
stress stressed variation, Committee
conditions. crops, reduce limited (CIBRC), ICAR-
residues. training. NBAIR, NMSA,
NABARD bio-
input projects.
Soil Test-Based Optimize * Enhances Implemented Low lab DAC&FW,
Nutrient fertilizer nutrient-use via Soil Health | coverage, ICAR-
Management use based efficiency, Card Scheme awareness NBSS&LUP,
(STBNM) on soil reduces input | and KVK gaps, SHC Scheme,
diagnostics | costs, demonstratio inadequate RKVY.
(4R improves ns. extension
principle). drought follow-up.
tolerance.
Seed Treatment | Chemical/b | ¢ Improves Commonin High cost, State Seed
/ Priming iological germination, cotton, maize, | variable Corporations,
pre-sowing seedling vigor, | pulses; efficacy, low | NSC, ICAR
treatment and pathogen | growingvia smallholder institutes, Seed
for vigor and | resistance. private sector. | access. Village
stress Programme
tolerance. (MoA&FW).
Water Efficient * 20-30 % Adopted High cost, PMKSY, NMSA,
Management irrigation yield increase, | under micro- maintenance | State Micro-
Technologies and water 25-50 % irrigation , subsidy Irrigation
(Drip, Sprinkler, conservatio | water savings. | projects; delays. Missions,
Rainwater n. wider uptake NABARD RIDF.
Harvesting) in Gujarat,
Maharashtra,
Tamil Nadu.
Smart/ Automated, | ® Improves Pilots in High capital ICAR-IIT-
Precision data-driven | water select cost, Kharagpur
Irrigation (loT, irrigation efficiency, ICAR/KVK technical Precision Agri
Sensors) scheduling. stabilizes clusters; early | know-how Lab, Digital
yields, adoption by barriers. India Agritech
reduces FPOs. Mission,
energy use. PMKSY Phase
Il pilots.
Mechanization Improve *10-20 % National Small Sub-Mission on
(Farm timeliness higher mechanizatio landholdings | Agricultural
Machinery, and reduce productivity; n ~45 %; , low repair Mechanization
CHCs) labour 15 % lower CHCs networks, (SMAM),
drudgery. labour cost. expandingin credit Custom Hiring
most states. access Centres
limits. Scheme, RKVY.
Precision Optimize e Water Drone High Digital
Agriculture (loT, resource savings (~18 spraying technology Agriculture
GPS, Al, Drones) | use and %), fertilizer supported cost, limited Mission (2021-
stress accuracy (%98 | under Gol training, 26), ICAR-
monitoring. | %), improved programs; smallholder NAARM Al4Ag
decision- pilots scale Initiative,
making. expandingin barriers. MoA&FW
states. Drone Subsidy
Scheme.
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Policy Paper

India possesses a strong technological foundation for abiotic stress
management—spanning resilient genetics, bio-inputs, nutrient and water
precision tools, and mechanization. However, adoption remains uneven
due to cost, quality assurance, and institutional gaps. Greater
coordination among ICAR, DAC&FW, SAUs, and state missions, coupled
with targeted credit, digital support, and localized extension, is essential
toachieve scale and equity in stress-resilientfarming.
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4. Factors Influencing the Adoption and Non-Adoption
of Abiotic Stress Management in Indian Agriculture

The adoption of technologies to manage stresses in Indian agriculture is
crucial for India's food and livelihood security. Such stresses cause
51-82% of global yield losses, with India's rainfed systems being
especially vulnerable (Yadav et al.,, 2023). Technologies like stress-
tolerant varieties, precision farming, and improved water management
offer resilience, but adoption depends on institutional, economic,
technological, socio-cultural, environmental, and political factors.
Farmer capacity is shaped by resource access, landholding size,
knowledge, credit, and risk-bearing ability. Government programmes
such as DPAP, DDP, and NWDPRA (1970-1990s) initiated integrated
watershed approaches, later consolidated into IWMP (2009-10) and
PMKSY (2015) to expand irrigation and improve water-use efficiency.
NICRA developed digital vulnerability maps (cyclone, flood, drought,
exposure and sensitivity indices) guiding national stress mitigation efforts.

Institutional Factors

Institutions like ICAR-NARS and SAUs have released 1,956+ stress-
tolerant varieties (e.g. SUB1 rice, salinity-tolerant lines). Yet adoption
remains low due to weak extension networks, limited coordination, and
absence of centralized data. Schemes such as Rainfed Area
Development (RAD) (7.13 lakh ha coverage) and PMKSY micro-irrigation
(benefiting 22 lakh farmers) illustrate progress. FPOs and KVKs help
bridge outreach gaps but have limited reach. Institutional effectiveness,
extension contact, and market conditions strongly influence participation
in watershed programmes. (i1 U A&Ri ONMSA promotes climate-
resilientpractices; ATMAimproves dissemination.
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