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Abstract- The central tool of agricultural policy in India is the government
subsidies that aim to stabilize the farm incomes, promote the uptake of technology,
minimize agricultural risk and enhance food security. However, subsidies also have a
tendency to pervert the input decisions, increase disparities between irrigated and
rainfed areas, and hasten environmental pressure, in particular, groundwater drainage
and nutrient unequal distribution. This paper summarizes the peer-reviewed findings
on the role of major subsidy channels (i.e. input subsidies (fertilizer, power, irrigation
equipment and mechanization), (ii) risk subsidies (public procurement/price
incentives: crop insurance premium support), (iii) price support (crop insurance
premium support), and (iv) transfer-type subsidies (direct benefit transfers and
targeted rebates) in influencing the outcomes of farmers in India. The paper builds a
cohesive conceptual framework based on the characteristics of subsidy design
(targeting, conditionality, delivery mechanism) and the farmer response (input
intensity, crop choice, investment and risk management) and subsequently to
economic outcomes (yields, profits and volatility) and resource outcomes (water
extraction, soil health and emissions). The synthesis suggests that subsidies tend to
increase adoption and short-run production, although the effect depends largely on the
farm size, access to irrigation, and market connectivity. Regressive incidence is
typical where the benefits are proportional to land, pump ownership or access to
procurement. It has also been demonstrated that redesign, the shift of price distortion
to medium-specific, meter-specific, or performance-specific incentives can maintain
welfare of farmers and decrease fiscal and ecological expenses. Implications on
policy include (1) improved targeting at smallholders and susceptible areas, (2)
moving to output-based subsidies instead of open-ended input price subsidies
(efficiency, resilience) and (3) combining water-energy governance with subsidy
institution.

Keywords- agricultural subsidies; fertilizer subsidy; electricity subsidy; crop insurance;
MSP; solar pumps; micro-irrigation; India; farmer income; groundwater.

. Introduction

Small and fragmented farms, high weather risk, and massive inter-regional irrigation,
soil, and market access differences characterise agricultural activities in India. There
are three reasons underpinned by government subsidies in this environment. To
respond to the constraints of affordability and credit friction, which does not allow the
use of productivity-enhancing inputs and technologies (e.g., fertilizer, irrigation
equipment, mechanization) may be first provided through subsidies. Second,
production volatility can be mitigated by subsidizing welfare losses by encouraging
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risk management tools like crop insurance. Third, price stabilization and incomes
under subsidies can be achieved by using procurements and price incentives and thus
contribute to food security and less distress sales.

Nevertheless, unintended results can be brought about using the same instruments.
Subsidies on input prices can stimulate excessive consumption of subsidized inputs
and inefficient consumption of complementary inputs (e.g. biased application of
fertilizers which impairs soil condition). Irrigation subsidies (especially the free or
flat-tariff electricity) can reduce the marginal cost of pumping to zero to motivate
groundwater pumping above sustainable recharge (Mukherji, 2007). Empirical results
between subsidized irrigation energy and shifts in the cropping style and the use of
resources, the results yielded are also described being dependent upon local
hydrogeology and regulation possibilities (Badiani et al., 2012). Such trade-offs are
becoming even more topical when it comes to climate stress, as groundwater is also
one of the most important buffers of adaptation (Fishman et al., 2018).

The subsidy situation in India is not uniform: the programs vary in terms of purpose,
identification of beneficiaries, the method of delivery, and conditionality. The
subsidies can be implicit (e.g., low electricity tariffs), explicit budget outlays (e.g.,
premium subsidies to crop insurance), and the quasi-fiscal ones in terms of public
procurement and price support (Aditya et al., 2017). The main research question is not
then whether subsidies have any effect, but what are the best subsidy schemes that
maximize welfare of farmers at minimum cost and restrict distortion and adverse
environmental effects.

The value that this paper brings is that it encapsulates evidence on all forms of
subsidies in one integrated framework that emphasizes upon behavioral channels
(how subsidies alter the decisions made by farmers) and incidence (who benefits). It
highlights three policy dilemmas which are practical such as: (1) production support
which is sustainable? (2) universal subsidies or targeted support? (3) price distortion
or direct transfer and performance-based incentive.
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Il. Literature Review

Input subsidies: quality soil and fertilizer subsidies.

The justification of input subsidies is often in defense in terms of increasing
productivity, but this will differ depending on whether input subsidies will address a
real market failure (credit constraints, risk aversion) or will primarily distort relative
prices. Responses to subsidization of modern inputs can be nonlinear, and therefore
the broader literature demonstrates that subsidizing modern inputs can lead to an
increase in adoption, although excessive subsidization can lead to efficiency and
crowd out private investment (Duflo et al., 2011).

The debate on fertilizer subsidy in India is based on nutrient imbalance and the
externalities on the environment. In the event that a particular nutrient (or a single
fertilizer product) is comparatively inexpensive, based on subsidy arrangements,
farmers could over-use it in comparison with the agronomic requirements, reducing
the productivity of factors and eroding soils in the long term. The recent findings
indicate the joint yield and environmental contribution of fertilizer policy and
management changes with specific focus on context-specific effects and the
significance of balanced nutrient application (Sapkota et al., 2025). The most
important point is that the productivity of using the fertilizer subsidies may be
increased in the near future and then decrease in the long-term in case they promote
biased utilization and undermine the motivation to control the health of the soil.

Ground water extraction and power subsidies.

One of the most examined instances of distortion of the environment by subsidies is
power subsidies to agriculture. As the marginal cost of pumping declines
dramatically, farmers will switch to more water-intensive crops as well as increase the
intensity of irrigation, at sustainability costs. Indian evidence associates electricity
subsidy regimes with the nature of groundwater extraction processes, as well as
distributional outcomes, as pump ownership is also associated with land and wealth
(Badiani et al., 2012).

According to the literature indicating the energy-groundwater-agriculture nexus, there
is a set of ideas that fiscal costs can be reduced without compromising the welfare of
farmers, both by targeting and improving transparency and by implementing direct
delivery systems and reshaping entitlements (Gulati & Pahuja, 2015). It is noted that
policy deliberations highlight the need to have reforms that are politically viable and
to have viable alternative (metering, feeder separation, solar buyback, or cash
rebates).

The second-order challenge caused by the renewed push of solar irrigation is that
solar pumps decrease fuel prices and emissions, but may also increase groundwater
extraction in case energy becomes virtually free. An overview of the pumping
developed with solar-based technologies emphasizes the importance of tying solar
irrigation subsidies to groundwater management in order to prevent the accelerated
depletion (Closas & Rap, 2017). Meanwhile, it is demonstrated in Rajasthan that the
adoption of solar pumps can increase the intensity of cropping and profit rates and
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generate mixed water impacts related to the pre-existing access to water and climatic
conditions (Gupta, 2019).

More recent grid-connected solar irrigation designs are also of special interest as they
provide an option of selling: when farmers have excess electricity, they can sell it and
conservation become economically viable. The experience of the SKY program in
Guijarat indicates that the buyback can reduce the rate of increase in energy use in
pumping, which can lead to better groundwater results and higher revenues of farmers
(Varshney et al., 2026). These results point to the policy importance underlying the
incentive-compatible subsidy design, and not just the subsidy size.

subsidies on irrigation technology and mechanization.

Micro-irrigation subsidies (drip/sprinklers) should be able to boost productivity of
water. Adoption is based on initial cost, land parcel size, choice of crop and credit
availability. It has been shown that adoption is influenced by socioeconomic
(education, caste, income), asset (orchard ownership, irrigation source), and
institutional access (e.g. credit cards, type of pump) factors and farmers cite
insufficiency of subsidies and high start-up costs as obstacles (Mohan et al., 2024).
Nevertheless, subsidies do not necessarily raise adoption: one study concludes that the
features of schemes and transaction costs may diminish adoption incentives,
particularly in complex or inefficiently-targeted schemes (Malik et al., 2018). The
same situation applies to the support and adoption of mechanization, which is
contingent on the size of the farms, labor markets, and complementary services, and
can be more advantageous in the case of combining it with access to custom hiring
and repair ecosystems (Jena et al., 2023).
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Figure 4. Energy—Groundwater—Agriculture Nexus Diagram (Power Subsidy —
Pumping — Crop Choice — Groundwater)

Risk subsidies: crop insurance premium subsidy.

The subsidies on crop insurance premium are aimed at raising enrolment, stabilizing
revenue and spreading distress. However, the experience of crop insurance in India
reveals that the settlement of claims is still slow, the benefits are not evenly
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distributed and the program is not financially sustainable. Critiques of PMFBY write
that the flaws of design and governance are capable of undermining the trust of
farmers and minimizing welfare impact (Tiwari et al., 2020). There is also empirical
evidence of the effectiveness of insurance, which stresses that the subsidy design
should be accompanied by a credible loss assessment and a timely payout to provide
welfare benefits (Hazell and Varangis, 2020). Recent evidence of the coverage,
household welfare, and political economy of insurance support in India is given in a
policy analysis of food policy (Birthal et al., 2022)

Case price support and market-linked subsidies.

The procurement policy and the price support affects regional specialization and
cropping patterns. It has been shown that crop choice and state-wide trends can be
influenced by social approval and procurement subsidies, which tend to favor those
areas that are more prone to procurement and irrigation opportunities (Aditya et al.,
2017). It has equity implications since it might result in less benefiting farmers in
remote or rainfed regions as compared to those areas that are linked with
procurement.

Reform of leakage, targeting, and delivery.

The key idea in the subsidies categories is the focus on efficacy and leakages.
Reforms that have been suggested to curb diversion and enhance incidence will
commonly include digital delivery systems and direct benefit transfer reforms. The
data in India reveals that leakages can be minimized significantly by enhancing
targeting and accountability (Barnwal, 2024). This implies that welfare gains can be
obtained without having to raise the subsidy budgets, in the event that delivery is
redesigned.
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Figure 3. Causal Pathway Model: Input Subsidies — Input Intensity — Yield/Income
+ Environmental Externalities
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I11. Methodology

Research design

The paper employs a systematic narrative review (evidence synthesis) along with

conceptual causal model. The methodology is suitable since the subsidy package of

India is vast and diverse; some of the programs have causal estimates (e.g.

power/solar pump interventions), whereas other fields can be estimated more based

on observational data and policy analyses.

The inclusion logic and evidence mapping will be performed as 3.2.

The studies were selected based on the fact that they:

e considered India itself or relied on India-specific data;

e identified effects on outcomes of farmers (adoption, yields, income, risk, resource
use);

e an explicit empirical plan or powerful policy assessment rationale; and

e were peer-reviewed or reputable working papers that had DOI records.

Strategy of conceptual identification (interpretation of evidence)

In an attempt to present the heterogeneous results in a similar manner, the paper

applies the similar quasi-experimental logic:

Difference-in-differences (before/after comparison groups)

Policy discontinuities / instrumental variables.

Random field experiments (used more often in insurance adoption literature)

Supply-chain or procurement and distribution design Sub-models Structural or

supply-chain optimization models.

Outcome domains

Synthesis of findings is made under four outcome clusters:

e Economics: yields, profits, net farm income, cost of cultivation.

e Risk outcomes: under uncertainty investment, volatility of income, shock
resilience.

e Adoption outcomes: technology adoption, crop adoption, input adoption.

e Resource indicators: energy consumption, energy, groundwater mining,
emissions, health indicators of soil.

( Subsidy Design Farmer Decisions Outcomes )

)
Crop Yield ‘
Resource Efficiency

Input Subsidies

Technology
Adoption

Price Support

Risk Mitigation

Resource

Practices Environmental Impact

Direct Cash Transfers

& \

Figure 1. Integrated Conceptual Framework: Subsidy Design — Farmer Decisions —
Outcomes
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Table 1. Major subsidy channels in India and expected pathways

Primary Common
Subsidy channel Typical instrument intended s .
risk/distortion
effect
Fertilizer subsidy Lower input price Increase Nutrient imbalance;

nutrient use &
yields

OVEruse; soil
degradation

(Sapkota et al.,

2025)
Power subsidy Low/flat tariff | Lower Groundwater over-
electricity irrigation cost; | extraction (Badiani
stabilize et al., 2012;
output Mukherji, 2007)
Irrigation tech | Capital subsidy | Adoption; Free-energy effect
subsidy (drip/sprinkler/solar water can increase
pumps) productivity pumping (Closas &
Rap, 2017; Gupta,
2019)
Mechanization Capital  subsidy /| Reduce labor | Benefits skewed
support custom hiring bottlenecks toward larger farms
(Jena et al., 2023)
Crop insurance | Govt pays share of | Raise Delays/low trust
premium subsidy premium enrollment; reduce welfare
stabilize gains (Tiwari et al.,
income 2020)
Procurement/price | Minimum price + | Reduce price | Regional
support procurement risk; stabilize | concentration; crop
returns skew (Aditya et al.,
2017)
Delivery  reforms | Digital targeting, | Reduce Exclusion errors if
(DBT) authentication leakage; access gaps exist
improve (Barnwal, 2024)
incidence
V. Results

Input subsidies often raise short-run production, but effects vary by constraints

In different settings, the subsidy of important inputs may enhance the uptake rate and
the output generated when farmers are denied by liquidity or risk. The greatest
benefits will come when subsidies open up the use of productivity-enhancing inputs,
first time or under application. However there are also indications that blanket price
subsidies may entrap farmers in more input-intensive lines of production even in the
face of falling marginal returns.

In the case of fertilizer, the key outcome is heterogeneity: the effects of the yields are
determined by the underlying soil health, irrigation, and equal application. Where
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subsidies distort relative prices, farmers will use excessively one nutrient and
insufficiently use the other and will decrease efficiency. The evidence about India in
the recent past emphasizes that incentives towards balanced nutrition management
can be reformed to enhance the yields and the performance in the environmental front
(Sapkota et al., 2025).

The power subsidies have a very close relationship with groundwater stress and
unequal incidence

The synthesis is repeatedly supported by the evidence that low-cost electricity to
irrigate the fields promotes groundwater pumping and benefits the owners of the
pumps, who are more likely to be large or better-endowed farmers. Below, subsidized
electricity in most states influences the patterns of cropping towards water-intensive
crops, and diminish incentives of conservation. There is a noticeable evidence of
electricity subsidies vis-a-vis the dynamics of groundwater and the outcomes of
welfare (Badiani et al., 2012).

Nevertheless, the literature also demonstrates that the modes of power subsidy
delivery are also important. Such suggestions and pilot logics highlight substituting
the implicit forms of price distortion with transparent and purposeful transfers or
entitlement, which can maintain farmer support and allow conservation incentives
(Gulati and Pahuja, 2015).

Solar pump subsidies Income gains are real but water outcomes are related to
incentive design.

In certain environments, solar pumps can enhance irrigation reliability, decrease the
reliance on diesel, as well as maximize profits. Rajasthan evidence demonstrates that
there are cropping intensity and profit measure growths and mixed water-use
responses between districts (Gupta, 2019).

One of the policy lessons is that the key risk is the free energy. A study dedicated to
solar pumping describes that subsidies should be accompanied by groundwater
monitoring and control to prevent a rapid decrease (Closas & Rap, 2017).

The most favorable design innovation is grid-connected solar irrigation, with
buyback, which compensates farmers on excess electricity export. The experience of
the SKY program in Gujarat shows that these designs can increase the income of
farmers and reduce the rate at which farmers grow the use of energy to pump in the
dry seasons (Varshney et al., 2026). This implies that subsidy design may be effective
in agitating the incentives of farmers toward conservation, instead of relying on big
enforcement only.
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Figure 5. Solar Pump Policy Mechanism: Off-grid Solar vs Grid-connected Buyback

subsidies of micro-irrigation and mechanization: adoption inhibited by
transaction costs and supplementary services.

The adoption of micro-irrigation depends on household assets and institutions;
farmers mention the absence of subsidies and high costs of installation as the
obstacles, and it depends on the state conditions and patterns of crops (Mohan et al.,
2024).

Notably, at least a study that is India-specific concludes that the structure of subsidies
may affect the adoption of drip indirectly, implying that transaction costs and the
specifics of the design are important (Malik et al., 2018).

Mechanization support also seems to be more effective when it is paired with access
models (custom hiring, local service markets) as opposed to using asset purchase
incentives by itself, which may concentrate benefits in larger farms (Jena et al., 2023).
Crop insurance premium subsidies: welfare benefits on trust, timeliness and
governance.

The fact is that premium subsidies may raise the number of enrolment, however, the
effect on welfare is insignificant in case of the delay of claim settlement or when it is
believed that loss assessment is unfair. The reviews of PMFBY note governance and
implementation constraints, which decreases the benefit that is achieved by farmers
(Tiwari et al., 2020).

The concept of best-practice synthesis in the field of insurance economics stresses
that the efficiency of subsidizing products demands the credibility of products,
reduced basis/assessment error, and timely payouts (Hazell and Varangis, 2020).
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Figure 6. Adoption Barriers & Enablers for Micro-irrigation

Delivery reforms have the potential to produce a head of hidden gains by means
of reducing leakage and targeting.

One of the main conclusions of India is that efficiency in leaking subsidy delivery
systems can be achieved as well as reinforcing incidence with a minimal rise in fiscal
cost. It has been demonstrated that the diversion in subsidy program can be
significantly decreased through strengthening accountability and targeting
mechanisms (Barnwal, 2024).

This justifies a redesign agenda: abandon price distortions in favor of more purposeful
transfers and verifiable entitlements.

Table 2. What the evidence implies by subsidy type

Jan-Feb 2026, PP 1-16

Average Income/profit Design lever
Subsidy type effect on Key risks with strongest
. effects -
adoption promise
Fertilizer price | 1 Mixed (short- | Nutrient Balanced
subsidy run 1; long-run | imbalance, soil | nutrient
uncertain) stress incentives;
targeting
Electricity subsidy | 1 irrigation | Mixed Groundwater Metered
(depends  on | depletion; entitlements /
water & crop) | regressive cash rebates
incidence
Solar pumps 1 Often 1 “Free energy” | Grid-
— over- | connected
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Average Income/profit Design lever
Subsidy type effect on Key risks with strongest
. effects :
adoption promise
pumping buyback (sell
surplus)
Micro-irrigation 1t (when | 1 for suitable | high  upfront | simplify
feasible) crops cost; mismatch | access +
credit +
service
Mechanization 1 1 when labor | benefit custom hiring
constrained concentration + shared
access
Crop insurance 1 | downside | delay, low | faster
enrollment | risk if payouts | trust settlement  +
work better
assessment
Procurement/price | 1+  certain | 1 where | crop skew; | diversify
support crops procurement regional procurement
exists inequality + targeted
support

V. Discussion & Conclusion

Interpreting the trade-offs

There are three key conclusions that the synthesis provides.

First, subsidies are better at increasing the welfare of farmers when on constraints,
although not evenly. Subsidies are beneficial most when they allow binding
restrictions to be eased (liquidity, risk, access to technology). When constraints are
slack or where subsidy formulation generates major distortions there is a decline in
marginal returns and an increase in fiscal cost.

Second, average impact is not as important as distributional incidence. A lot of
subsidy services are dependent on the area under irrigation, possession of pumps, and
access to purchasing avenues. This may result in marginal and rainfed farmers getting
small returns, with richer farmers taking more subsidy rents. Therefore, when
assessing the issue of impact, one must assess beneficiaries.

Third, it can be redesigned: the environmental harm can be decreased by incentive-
compatible subsidies. The most powerful construction message of the energy-water
nexus literature is that moving away open-ended cheap energy to either entitlements,
metered rebates, or solar buyback can be used to maintain income support to farmers
but discourage over-extraction. What has been learned about SKY program in Gujarat
is that conservation incentives can be incorporated into the subsidy architecture
(Varshney et al., 2026).
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Policy implications

e Target has subsidies that are based on vulnerability rather than the type of input.
Focus on the smallholders, rainfed areas, and those areas that have worse market
access.

e Get out of price distortion to transparent transfers wherever feasible. Fiscal waste
and leakage can be minimized through direct methods of delivery (Barnwal,
2024).

e Connect irrigation-energy subsidies with conservation. Incentives can be redone
grid-connected solar buyback and metered entitlement (Gulati and Pahuja, 2015;
Varshney et al., 2026).

e Service subsidies Bundle technology. Maintenance, extension, facilitation of
credit, and easy application procedures should be incorporated in the support of
micro-irrigation and mechanization (Mohan et al., 2024).

e Mend governance hottlenecks in insurance. The key to whether the subsidies on
premiums will lead to lowered distress is the timeliness and plausibility of the
payout systems (Hazell and Varangis, 2020; Tiwari et al., 2020).

V1. Conclusion

Subsidies of agriculture are still critical in the Indian agricultural political economy,
though their welfare effect is more on design and delivery than the amount of
headline expenditure. It has been demonstrated that, as much as subsidies may
increase yields and incomes, it may also lead to retrogressive incidence and resource
strains. The new best practice is to switch towards focused, straightforward, and
incentive-compatible assistance: replacing open-ended cheap provision with smarter
transfers, verifiable claims and conservation-compatible mechanisms. This redesign is
capable of enhancing the farmer welfare and resilience and decreasing the ecological
and fiscal risks over the long run.
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