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Abstract—Climate change is an increasing source of risk for agricultural productivity, natural
resources and rural livelihoods. Rising mean temperatures, shifts in the timing and intensity of
rainfall, more frequent heat extremes, droughts, floods and changing pest and disease pressures can
affect crop growth, livestock health, soil processes and farm income. These risks are especially
important in rain-fed and smallholder farming systems, including many parts of India where
production depends strongly on monsoon conditions. This paper reviews the principal pathways
through which climate change affects agriculture and synthesises practical adaptation and
sustainability options relevant to Indian agriculture, with attention to Maharashtra. A narrative
review approach was used to examine authoritative assessment and technical sources, including the
Intergovernmental Panel on Climate Change (IPCC), the Food and Agriculture Organization of the
United Nations (FAO), the Indian Council of Agricultural Research (ICAR) and a Maharashtra
climate-change assessment. The synthesis indicates that no single intervention is sufficient: resilience
requires locally appropriate crop and cultivar choices, improved soil health, efficient water
management, diversified farming, weather-informed decisions, integrated pest management and
supportive institutions. Measures should be selected according to agro-climatic conditions, farm
resources and local evidence, while avoiding maladaptation such as unsustainable groundwater
extraction or input-intensive practices that increase long-term vulnerability. The paper concludes that
climate-resilient agriculture depends on coordinated action by farmers, researchers, extension
services and policymakers, supported by accessible climate information, finance and participatory
evaluation.

Index Terms—climate change, agriculture, climate risk, adaptation, climate-smart agriculture, soil
health, water management, Maharashtra

I Introduction

Agriculture is both highly exposed to climate conditions and an important part of the response to
climate change. Temperature, rainfall, humidity, solar radiation and extreme events influence crop
phenology, pollination, water demand, soil moisture, pest populations and livestock productivity. Climate
change therefore affects not only the quantity of agricultural output but also its stability, quality, cost of
production and availability across seasons. The IPCC identifies climate change as a growing risk to food
security and agricultural production, with impacts shaped by exposure, sensitivity and the capacity of
communities to adapt [1].

In India, agricultural vulnerability is influenced by the large role of monsoon rainfall, diverse
agro-ecological regions, small and marginal holdings, unequal access to irrigation and the economic
importance of farming for rural households. Climate-related hazards include heat waves, delayed or uneven
monsoon onset, prolonged dry spells, intense rainfall, floods, unseasonal rain and hail. These hazards can
occur at sensitive crop stages, causing effects that cannot always be reversed by later favourable weather.
ICAR’s National Innovations on Climate Resilient Agriculture (NICRA) programme has focused on
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understanding climate risks, demonstrating adaptation technologies and building the capacity of farmers and
institutions [2,3].

Mabharashtra illustrates the need for region-specific planning. Its agricultural systems range from relatively
high-rainfall Konkan areas to drought-prone parts of the Deccan plateau, with distinct crops, soils and
irrigation access. Climate risks and suitable responses therefore vary by district and farming system. A
practice that works in a rain-fed millet system may not be appropriate for irrigated horticulture or coastal
orchards. The objective of this paper is to review key agricultural risks associated with climate change,
describe feasible adaptation pathways and propose an integrated framework for sustainable, climate-resilient
agriculture.

Il. Objectives

e To summarise major climate-related risks to crops, livestock, soils, water resources and farm
livelihoods.

e To review practical adaptation and mitigation options relevant to Indian agriculture, including
Maharashtra.

e To outline an evidence-informed implementation procedure for identifying, prioritising and
monitoring locally suitable interventions.

1. Materials and Methods

This paper uses a narrative literature-review design based on secondary information. It is not a field
experiment and does not report newly collected farm data, measured treatment effects or original statistical
estimates. The source base was selected to combine scientific assessment with agricultural implementation
guidance. Priority was given to: (i) the IPCC Sixth Assessment Report for broad evidence on climate
impacts and adaptation; (ii) FAO material on climate change and climate-smart agriculture; (iii) ICAR and
NICRA publications describing Indian climate-resilience research and demonstrations; and (iv) the
Government of India’s Maharashtra climate-change assessment for regional examples [1-5].

The review proceeded in four stages. First, the sources were screened for relevance to climate-related
agricultural risks, adaptation, mitigation and sustainability. Second, information was grouped into thematic
categories: crop and livestock impacts; soil and water stress; farm-economy and food-security implications;
and adaptation options. Third, interventions were compared qualitatively according to their potential
contribution to resilience, resource efficiency, environmental sustainability and practical feasibility. Fourth,
the findings were synthesised into a proposed farm-level implementation procedure. Because the review is
narrative rather than a formal systematic review, it does not claim exhaustive coverage, pooled effect sizes
or a formal risk-of-bias assessment.

The recommendations should be treated as a decision framework, not a universal package. Local adoption
should be guided by district-level weather records, soil testing, crop calendars, water availability, farmer
priorities and advice from qualified agricultural extension personnel.

IV. Climate Change Risks to Agriculture

4.1 Temperature rise and heat stress

High temperatures can accelerate crop development and shorten the time available for biomass
accumulation and grain filling. Heat around flowering and pollination may reduce pollen viability, fruit set
and grain formation in sensitive crops. Increased evaporative demand also raises crop water requirements
and can intensify moisture stress even where total seasonal rainfall changes little. Heat stress reduces
livestock feed intake, fertility and milk production, while increasing the need for shade, drinking water and
suitable housing. Effects depend on crop variety, timing, duration of exposure and the interaction between
heat and water availability [1,4].
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4.2 Rainfall variability, drought and flooding

Changes in rainfall distribution can be as damaging as changes in seasonal totals. Delayed monsoon onset
may disrupt sowing; long dry spells after sowing can impair germination and establishment; and intense
rainfall may cause runoff, erosion, waterlogging and nutrient loss. Drought can reduce yields and fodder
availability, while floods can damage standing crops, infrastructure and stored produce. In rain-fed regions,
these risks underline the value of moisture conservation, diversified crops, contingency plans and water
harvesting designed for local hydrology.

4.3 Soil, biodiversity, pests and diseases

Heavy rainfall and bare soil increase erosion, while prolonged heat and dry conditions can reduce soil
moisture and biological activity. Loss of organic matter and soil structure weakens water-holding capacity
and can make farms more sensitive to extremes. Warmer and more variable conditions may alter the
geographic range, seasonal timing or intensity of insect pests, weeds and plant diseases. Responses must be
based on field scouting and reliable local advisories; indiscriminate pesticide use can harm beneficial
organisms, raise costs and create resistance.

4.4 Economic and social consequences

Climate shocks can reduce both farm output and household income, increase the cost of irrigation and crop
protection, and create uncertainty around labour and market decisions. Smallholders and households with
limited savings, insurance, irrigation or access to timely information may have less capacity to recover.
Climate risks can also affect food prices and supply chains. Adaptation planning must therefore include
financial risk management, extension support, market access and inclusive participation, rather than
focusing on crop technology alone [1,4].

V. Adaptation Pathways and Sustainable Solutions

5.1 Climate-resilient crops and cropping systems

Farmers can reduce exposure by selecting crop species and varieties suited to local heat, drought, flood or
disease risks, and by adjusting sowing dates in response to credible seasonal and short-range forecasts.
Short-duration varieties may help where the growing season is becoming less reliable, while locally adapted
traditional crops can contribute to diversity. Intercropping, crop rotation and diversification across crops or
farm enterprises can spread risk. Seed choice and calendar changes should be tested locally and aligned with
soil, market, labour and water constraints.

5.2 Soil health and moisture conservation

Soil organic matter improves aggregation, nutrient cycling and water retention. Appropriate practices
include returning crop residues where feasible, adding well-decomposed farmyard manure or compost,
using cover crops, reducing unnecessary soil disturbance, contour cultivation on suitable slopes and
maintaining vegetative barriers. Integrated nutrient management combines soil-test-based fertiliser use with
organic sources where available. These practices can reduce erosion and improve resilience, but residue use
must account for livestock feed needs, pest risks and local availability.

5.3 Water management

Efficient water management is central to adaptation in dry regions. Options include farm ponds and
rainwater harvesting where technically and environmentally suitable, field levelling, mulching, irrigation
scheduling and drip or sprinkler systems where appropriate. Watershed management can improve infiltration
and reduce runoff when implemented at landscape scale. Water-saving technologies should be paired with
groundwater monitoring and collective rules: improved irrigation efficiency alone does not guarantee water
savings if it encourages expansion of irrigated area or more water-intensive crops.
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5.4 Agroforestry, biodiversity and integrated farming

Trees on farms can provide shade, fodder, fruit, fuelwood, wind protection and additional income, while
storing carbon and supporting biodiversity. Species selection must consider local rainfall, soil, rooting
patterns, competition with crops and market demand. Integrated crop—livestock systems can recycle
nutrients and diversify income, provided stocking rates and fodder supply remain within local resource
limits. Pollinator habitat, field margins and diverse rotations can support ecosystem services and reduce
dependence on single production pathways.

5.5 Weather services, digital tools and risk finance

Accessible weather forecasts, crop advisories and early-warning systems can improve decisions about
sowing, irrigation, fertilisation, pest management and harvest. Information should be timely, understandable,
locally relevant and available in farmers’ preferred languages. Mobile services and digital tools can
complement—not replace—extension workers and local knowledge. Crop insurance, savings, producer
organisations, access to credit and reliable markets can strengthen recovery after climate shocks. Public
support is important where adaptation costs are high or benefits extend beyond an individual farm.

5.6 Mitigation co-benefits

Agriculture can contribute to mitigation by improving nitrogen-use efficiency, avoiding unnecessary
fertiliser application, managing manure appropriately, increasing soil carbon where durable, integrating trees
and reducing avoidable energy use. Methane emissions from livestock and rice systems and nitrous oxide
emissions from soils require context-specific management. Mitigation measures should not compromise
food security, animal welfare, soil health or the livelihoods of smallholders. FAO’s climate-smart agriculture
framework emphasises the joint consideration of productivity, adaptation and mitigation, with choices
tailored to local conditions [5].

VI. Proposed Farm-Level Implementation Procedure
A practical adaptation programme can be organised into the following sequence:

1. Baseline assessment: document the farm’s location, major crops, soil type, water sources, sowing dates,
yields, input costs and recent weather-related losses. Use available local weather and agricultural records
rather than relying on memory alone.

2. Risk diagnosis: identify the main hazards (for example, dry spells, heat at flowering, waterlogging or
pest outbreaks), the crop stages exposed and the households or assets most at risk. Rank risks by
likelihood, potential loss and ability to respond.

3. Option selection: shortlist locally suitable practices with farmers, extension staff and subject experts.
Compare costs, labour, water demand, time to benefit, evidence of effectiveness and possible unintended
effects.

4. Small-scale trial: test one or more options on a manageable area or through a demonstration plot. Where
possible, compare with the current practice using similar soil, variety and management, while recording
weather and management differences.

5. Seasonal implementation: use weather advisories to guide sowing and field operations; monitor soil
moisture, crop condition, pests and livestock stress; and maintain records of inputs, yields and costs.

6. Evaluation and adjustment: after harvest, compare yield stability, gross returns, water and input use, soil
indicators and farmer feedback. Continue, adapt or discontinue practices based on evidence and
affordability.

7. Scaling and learning: share results through farmer groups, Krishi Vigyan Kendras (KVKs), agricultural
universities and local institutions. Update the plan each season as climate information and farm
conditions change.
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VIl. Discussion

The literature points towards a portfolio approach rather than dependence on a single technology. A
drought-tolerant variety may reduce risk, but its benefit can be limited without timely sowing, healthy soil
and sufficient establishment moisture. Micro-irrigation may improve water delivery, but it cannot substitute
for sustainable water governance. Weather information can support better decisions, yet farmers need access
to seeds, labour, finance and markets to act on that information. The strongest adaptation plans combine
farm-level practices with public investment in research, extension, climate services, water infrastructure and
social protection [2,3,5].

For Maharashtra, adaptation should reflect the state’s agro-climatic diversity. Rain-fed areas may prioritise
moisture conservation, resilient crop choices, contingency sowing and fodder planning. Irrigated areas
should combine efficient application with safeguards against groundwater depletion. Horticultural systems
may require crop-specific attention to flowering, fruit development, heat, unseasonal rainfall and pest
pressure. These are planning priorities, not identical prescriptions for every district; local validation and
farmer participation remain essential.

Implementation also requires attention to equity. Small and marginal farmers, tenant cultivators, women
farmers and remote communities may face barriers to credit, land tenure, technology and extension services.
Programmes should make information and training accessible, support collective action where useful and
evaluate whether benefits reach groups with the greatest exposure. Adaptation success should be judged not
only by yield in a favourable year but by reduced losses, stable income, improved resource condition and
the ability to recover after shocks.

VIll. Conclusion

Climate change presents interconnected risks to agricultural productivity, water availability, soil
health, livestock, farm income and food security. Rising temperatures, variable rainfall and more frequent
extremes can interact with existing resource constraints, making vulnerable farming systems less stable. A
sustainable response requires locally adapted crops and calendars, healthy soils, efficient and responsibly
governed water use, diversified farming, integrated pest management, weather-informed decisions and
accessible risk finance. For India and Maharashtra, institutions such as ICAR, agricultural universities,
KVKs and farmer organisations have an important role in translating research into practical,
location-specific solutions. The proposed procedure—baseline assessment, risk diagnosis, option selection,
small-scale testing, monitoring and iterative learning—offers a transparent way to implement and evaluate
adaptation. Future work should prioritise district-level field studies that measure yield stability, costs, water
use, soil health and farmer outcomes across multiple seasons. Climate-resilient agriculture is most likely to
succeed when scientific evidence, local knowledge, environmental safeguards and inclusive public support
are brought together.
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