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ndia's fisheries sector has undergone a profound structural transformation over the past two decades,

with inland fisheries emerging as its dominant source of growth. The share of inland fisheries in total

fish production has increased from about 52 percent in 2001-02 to nearly 75 percent of 19.5 MMT of
fisheries productionin 202425, with an average annual growth rate (AAGR) of 7 percent during the period
(MPEDA, 2025). Within this transition, Litopenaeus Vannamei (hereafter L. Vannamei) shrimp has
emerged as a critical driver of productivity, export earnings, and rural livelihoods. Its euryhaline nature
allowing tolerance across a wide range of salinity levels combined with rapid growth and high feed
efficiency has enabled shrimp aquaculture to expand beyond traditional coastal belts into inland saline and
degraded regions.

This biological and technological shift has opened new economic possibilities for farmers in salinity-
affected areas like Sirsa in Haryana, where conventional cropping systems have yielded declining and
often unviable returns. What were once considered unproductive lands are increasingly being converted
into high-value aquaculture zones, turning environmental stress into an opportunity for income
diversification and employment generation. The inland expansion of shrimp aquaculture aligns closely
with several Sustainable Development Goals (SDG), particularly SDG 9 (Industry, Innovation and
Infrastructure) and SDG 12 (Responsible Consumption and Production), by promoting efficient resource
use, rural industrialisation, and diversified livelihoods.

Against this backdrop, this report examines the structure, governance, and dynamics of India's shrimp
value chain with a specific focus on inland saline water aquaculture in Sirsa, Haryana. It goes beyond
production growth to the sustainability of livelihoods, the distribution of risks and returns, and the
institutional conditions required to scale aquaculture in emerging inland geographies. Using Andhra
Pradesh, the country's dominant shrimp-producing state—as a benchmark, the report draws lessons on
value-chain integration, vertical coordination, and the role of public—private investment for the
development ofthe sector.

The core contribution of this report lies in its detailed case study of Sirsa district cluster in Haryana, where
inland shrimp aquaculture has expanded rapidly since 2020 under the Pradhan Mantri Matsya Sampada
Yojana (PMMSY). By combining primary field data, farmer case studies, cost and profitability analysis,
and risk simulations, the report assesses whether inland shrimp farming can deliver durable income gains
for small and marginal farmers in salinity affected areas. It analyses that net returns from shrimp farming is
3.6 to 4.7 times higher than traditional paddy-wheat (or cotton-wheat) cropping systems. However, the
report also highlights the risk and vulnerabilities associated and the role of access to finance for the
sustainability of the sector.

The findings underscore a central message: inland shrimp aquaculture can be a viable livelihood strategy,
augmenting farmers' incomes many folds, but only if supported by integrated value chains, robust risk
management, and access to institutional finance at low interest rates. Replicating success in inland states
will require more than technological feasibility; it demands coordinated policy action that aligns
infrastructure development, extension services, credit and insurance, environmental safeguards, and
marketaccess.

Shrimp Farming in Haryana: ‘!“@
Learnings from Andhra Pradesh {2

5 I



This report seeks to contribute to that policy conversation by offering an evidence-based roadmap for
scaling sustainable inland shrimp aquaculture in Haryana and other inland states. In doing so, it aims to
inform policymakers, practitioners, financial institutions, and development partners engaged in shaping
the future of India's aquaculture-led growth and of rural livelihoods.

Shekhar Aiyar
Director and Chief Executive
ICRIER
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hrimp aquaculture has emerged as one of the fastest-growing segments of fisheries production

globally, with total farmed shrimp output increasing from 4.6 million metric tonnes (MMT) in 2013 to

9.2 MMT by 2023, representing a 97 per cent rise over the last decade (FAO, 2024; latest data
available). This growth has been driven by rising global demand for high-value animal protein and the sector's
ability to generate employment and income across the Global South. In India, the shrimp sector experienced a
structural transformation following the introduction of Specific Pathogen Free (SPF) Litopenaeus Vannamei,
enabling rapid productivity gains and integration into global value chains. More recently, shrimp farming has
expanded into inland saline water (ISW) regions, offering a pathway to transform salinity-induced adversity,
characterised by degraded soils, groundwater salinisation, and declining crop profitability—into an
opportunity for augmenting farmers' income. However, the expansion of shrimp aquaculture into non-coastal
regions also raises critical concerns related to high capital intensity, higher biological and market risks,
uneven value-chain integration, environmental externalities, and limited institutional capacities.

Against this backdrop, the central research problem addressed in this report is whether inland shrimp
aquaculture can serve as a sustainable and scalable income augmentation strategy in salinity-affected regions,
and under what conditions this transition can be made inclusive and resilient. Specifically, the study examines
the key success factors underlying Andhra Pradesh's shrimp aquaculture model, India's dominant producing
state (~82 percent of 1.08 MMT of shrimp production, MPEDA 2023-24 latest available data) and export hub
and assesses the extent to which this model can be replicated in Sirsa district in Haryana, given its distinct
inland saline ecology. It compares farmer incomes from shrimp aquaculture with traditional paddy—wheat
based cropping systems in saline belts to evaluate relative profitability and livelihood outcomes. The report
adopts a comparative, value-chain-based research framework to examine the economic viability, risk
exposure, and scalability of inland shrimp aquaculture. It combines an in-depth case study of Sirsa district in
Haryana where ISW shrimp farming has expanded rapidly under the Pradhan Mantri Matsya Sampada
Yojana (PMMSY) with benchmarking against the case studies of Bhimavaram, Krishna belt in Andhra
Pradesh. Using mixed research methods, including farm-level cost and return analysis, risk simulation
models, stakeholder consultations, and qualitative farmer case studies, the report analyses the sustainability
of'the sector to augment farmers' income.

A global overview situates India's shrimp sector within international production and trade dynamics,
highlighting its dependence on imported broodstock, exposure to export market volatility, trade policies, and
rising input costs—particularly feed prices linked to global fishmeal supply shocks. These factors directly
influence domestic production decisions related to stocking density, harvest size, and value addition, while
simultaneously tightening margins for small and medium farmers and increasing vulnerability to market
shocks (Chapter 2).

The analysis of Andhra Pradesh reveals how vertically integrated value chains supported by strong private
sector participation, targeted public subsidies, and access to export infrastructure—have enabled compliance
with international traceability, quality, and food safety standards. Contract farming arrangements, assured
procurement, technical support, and access to certified seed and feed have reduced production risk for
participating farmers. However, the benefits of integration remain uneven, with persistent gaps in disease
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diagnostics, pre- and post-harvest services, price transparency, and insurance coverage, particularly affecting
smaller producers (Chapter 3).

Drawing from the Andhra Pradesh experience, the report focuses on the scope of shrimp aquaculture
expansion in salinity affected areas in Haryana. The emerging inland shrimp aquaculture has gained
momentum through strategic policy interventions under the Blue Revolution and the PMMSY since 2020.
Technological advancements in the use of ISW have played a pivotal role in converting previously
unproductive saline lands into functional aquaculture clusters, effectively transforming ecological adversity
into a viable opportunity for rural development and livelihood diversification. Sirsa district, in particular, has
emerged as a promising site for shrimp aquaculture. However, multiple structural and institutional constraints
continue to hinder its scalability and long-term sustainability. These include high production costs, the
absence of processing units, limited technical skill among farmers, and weak integration across the shrimp
value chain (Chapter 4).

Despite these challenges, shrimp aquaculture in Haryana demonstrates considerable economic potential. The
net returns from a single shrimp crop per year (targeting large-sized shrimp of 30 counts) are estimated at INR
6.3 lakhs per hectare. In contrast, traditional cropping systems such as the wheat-paddy and wheat—cotton
combinations yield significantly lower net returns of INR 1.74 lakhs and INR 1.32 lakhs per hectare per
annum, respectively (based on A2 cost estimates from the Commission for Agricultural Costs and Prices,
CACP). Thisreflects a 3.6 to 4.7 times higher return from shrimp aquaculture, even when comparing two crop
cycles of traditional agriculture with a single shrimp cycle, which is the norm in Haryana. This ratio could
easily be 4 to 5 for saline lands, as the crop productivity on these saline soils is much lower than for Haryana as
whole, which is the basis of CACP's profitability estimates.

However, the capital-intensive nature of shrimp aquaculture makes it more vulnerable to production risks.
Simulation results in this report show that even a single crop failure within a five-year cycle significantly
heightens the farmer's reliance on informal credit channels, thereby increasing the risk of indebtedness and
distress. Drawing lessons from Andhra Pradesh, India's leading shrimp producing state, this report highlights
successful risk mitigation strategies that have stabilized incomes for farmers based on the analysis of case
studies. These include partial harvesting to manage price volatility, adherence to Best Management Practices
(BMP) to reduce disease risks, use of nursery-based bio-floc systems for improving survival rates,
diversification through polyculture and the adoption of higher stocking densities to improve productivity. In
Haryana, while targeting 30-count shrimp offers high profitability, it simultaneously demands stringent
compliance with BMPs, mechanisms for input quality assurance (e.g., Polymerase Chain Reaction (PCR)
testing of seed), and more robust backward and forward market linkages. The long-term viability of inland
shrimp aquaculture in the state will depend on the development of region-specific value chains, access to
formal credit and insurance, and institutional capacity-building to support smallholder farmers in
transitioning to this high-value but risk-prone livelihood option (Chapter 4).

Finally the report outlines a comprehensive policy framework to strengthen the institutional ecosystem for
sustainable inland shrimp aquaculture in Haryana and similar inland states (Chapter 5). First, reducing
variable costs is critical to improving the viability of shrimp aquaculture in inland saline areas. This includes
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lowering input costs such as feed and electricity. Feed alone constitutes nearly 50 percent of variable costs.
Establishing local feed mills can significantly cut transportation and procurement expenses. Electricity is
another major cost burden—shrimp farmers in Haryana pay between INR 4.65— INR 5.00 per unit, compared
to just INR 1.25 per unit in aqua-zoned areas of Andhra Pradesh. To improve energy efficiency and reduce
operational costs, the adoption of solar-powered aerators and aqua voltaic systems should be actively
promoted under PMMS Y-supported capital investments.

Second, the development of processing infrastructure and market access is essential to support value addition
and reduce post-harvest losses. Our stakeholder consultation indicates that a shrimp processing plant with a
capacity of 50-60 tonnes per day requires approximately 8,800 tonnes of annual raw material to operate
viably. In 2023-24, Haryana produced around 8,162 tonnes of shrimp, with Sirsa district alone contributing an
estimated 4,000—4,500 tonnes from over 678 hectares under cultivation. With shrimp farming expanding to
districts such as Fatehabad, Hisar, and Rohtak under the PMMSY cluster model, production is expected to
exceed the viability threshold for a processing unit. Establishing decentralized processing facilities would not
only improve farmer returns through value addition but also facilitate processing of partial harvests, which
allows for better risk management and continuous cash flow.

Third, adoption of BMPs is central to reduce production risk. These practices include pond poly-lining to
improve water retention and reduce seepage, the use of automatic feeders or feeding trays instead of manual
broadcasting to improve feed efficiency and reduce waste, and adherence to biosecurity protocols such as
pond disinfection, water inlet filtration, and controlled stocking. PCR testing of shrimp seed should be
institutionalized through labs at block level to ensure disease-free stock. To do that, it is important to enhance
farmers' knowledge through targeted extension services, especially in BMPs, disease diagnostics, and input
management.

Fourth, strengthening the finance and risk management ecosystem is imperative. Access to formal credit,
micro-finance, tailored aquaculture insurance products are essential to support capital-intensive investments
and safeguard against production shocks. Simulation results in the report suggest that even a single crop
failure over a five-year cycle can push farmers into informal credit loops and increase the risk of distress.
Therefore, bundling credit access with insurance, micro finance group lending through FPOs and extension
networks can significantly improve farmers' returns.

In conclusion, a three-pillar approach—cost reduction, value-chain development, and BMP compliance,
complemented by robust financial risk instruments offers a comprehensive roadmap for scaling sustainable
inland shrimp aquaculture in India. With strategic policy support, coordinated investment, training of
farmers, and institutional innovation, the sector holds immense potential to transform saline-prone regions
into vibrant hubs of rural employment, income diversification, and livelihood resilience.
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CHAPTER
D 4

A

Infroduction

1.1. Context

The fisheries and aquaculture sector in India recorded an impressive average annual growth rate (AAGR)
of 8.7 percent in gross value added (GVA) during FY 2014-15 (FY 15) to FY 25. This growth has been
driven primarily by the rapid expansion of inland fisheries, which accounted for nearly 75 percent of total
fisheries production (~19.5 million metric tonnes) in 2024-25 (DoF, 2025). The increasing dominance of
inland fisheries underscores the sector's growing role in diversifying farmers' incomes beyond traditional
crop agriculture. Within aquaculture, shrimp farming has emerged as a particularly dynamic segment,
supported by rising global export demand for seafood and its capacity to generate substantial livelihood
opportunities, especially in tropical and subtropical regions. At the global level, Litopenaeus Vannamei
(hereafter L. Vannamei) has become the dominant farmed shrimp species, contributing nearly 81 percent
of'total aquaculture shrimp production by 2023 (FAO, 2025; latest data available).

In India, the rapid growth of the shrimp sector is closely linked to the introduction of L. Vannamei
following regulatory approval by the Coastal Aquaculture Authority in 2009 and its commercial adoption
from 2011 onwards. Since then, shrimp farming has expanded at a compound annual growth rate of about
18 percent between FY 13 and FY 24, underscoring its potential to augment farmers' income and support
livelihood diversification. As a euryhaline species, it can thrive across a wide range of salinity conditions,
from near freshwater to highly saline environments. This biological flexibility has played a crucial role in
expanding shrimp farming into inland saline areas, especially in regions with degraded or salt-affected
soils (Sharma et al., 2024). What was once viewed as unproductive land is now being converted into
valuable aquaculture zones, effectively turning environmental challenges into an opportunity to augment
farmers' income. The inland growth of L. Vannamei supports several Sustainable Development Goals
(SDGs), particularly SDG 9 (Industry, Innovation, and Infrastructure) and SDG 12 (Responsible
Consumption and Production). It encourages sustainable land use, diversified rural livelihoods, and
efficient resource use.

However, the shrimp farmers face substantial risks, including disease outbreaks, environmental
degradation, and market volatility that challenge its financial sustainability. This industry is connected by a
complex global value chain (GVC) linking primary producers in the Global South to consumers in the
Global North (FAO, 2022). Major shrimp-producing areas are in Asia, that includes India, Vietnam,
Thailand, Indonesia, and Latin America, particularly Ecuador. The main consumer markets are the United
States, the European Union, and China. A critical component of the shrimp value chain is adherence to
international food safety and sustainability standards such as the Aquaculture Stewardship Council (ASC)
certification and Best Aquaculture Practices (BAP) that ensure traceability, environmental responsibility,
and ethical labour practices across production and processing stages. These standards are set by importing
countries and global retail chains. They ensure export market access and impact practices during
production and processing creating livelihood opportunities with environmental sustainability. Integration
across the supply chain creates jobs in input supply, production, processing, and export. However, the
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CHAPTER-1

sector often faces serious challenges, including risks like disease outbreaks, access to finance, and price
fluctuations. In this context, the report looks at the structure, governance, and dynamics of the shrimp value
chain in India. It assesses how these factors impact sustainable livelihoods and explores how the
organization of actors, market relationships, and institutional support affect income generation, job
opportunities, and environmental outcomes in the fast-growing shrimp aquaculture sector in India.

Within India, the sector is concentrated in the coastal state of Andhra Pradesh that accounts for nearly 82
percent of the total domestic shrimp production. The state exemplifies a mature, export-oriented shrimp
production model in India driven by vertically integrated private actors, robust infrastructure, and enabling
policy support. However, in India the geographic range of shrimp aquaculture is expanding and requires
attention to make the value-chain integrated that impacts farmers' livelihood outcomes and creates job
opportunities. For instance, Haryana, with its expansive saline ground water belt, represents a frontier for
shrimp-based livelihood diversification. The inland saline aquaculture model in the state has gained policy
traction under the Blue Revolution schemes since 2015 and gained momentum following the launch of the
Pradhan Mantri Matsya Sampada Yojana (PMMSY) in 2020, which aims to transform unproductive saline
lands into income-generating aquaculture zones. However, the potential for adaptability of the Andhra
Pradesh's success in inland states faces key constraints—biophysical risks, distance from coast, limited
farmer knowledge, lack of backward and forward linkages in the value-chains, and environmental trade-
offs. The report presents a comprehensive analysis of the economics of shrimp farming, focusing on cost of
cultivation, associated risks and financing mechanisms, and examines how insurance, institutional
frameworks, and technological innovations can enhance farmers' income and strengthen livelihood
resilience.

1.2. Objectives

The objective of this report is to assess the potential of shrimp aquaculture in inland saline regions as a
diversification strategy to augment farmers' income, with Sirsa district in Haryana examined as a detailed
case study. The study uses Andhra Pradesh's shrimp aquaculture cluster as a reference to understand the
shrimp value chain from production systems and input provisioning to processing, export strategies, global
value chain integration, and regulatory compliance, and to examine how this model has contributed to
higher farmer incomes compared to traditional crop based agriculture. By mapping the shrimp aquaculture
ecosystem in Andhra Pradesh, the report evaluates the applicability of key elements of this model to inland
saline conditions in Sirsa. It examines how salinity affected lands can be converted to shrimp farming at
scale while ensuring environmental sustainability, including the management of salinity, effluent
discharge, biosecurity, and disease risks. The analysis compares profitability with the dominant paddy-
wheat, and wheat-cotton cropping system and assesses the production, financial, and market risks
associated with shrimp aquaculture.

The report further evaluates access to finance, working capital requirements, and insurance mechanisms
that shape farmers' ability to adopt and sustain shrimp farming. It identifies critical value chain gaps,
institutional constraints, and risk mitigation mechanisms, and develops a policy matrix outlining the
interventions required to support environmentally sustainable, financially viable, and scalable inland
shrimp aquaculture in saline affected regions.

1.3. Methodology

This study adopts a mixed-methods approach, drawing on the Global Value Chain framework and the
Sustainable Livelihood Framework, to analyse shrimp aquaculture as a transformative rural enterprise to
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augment farmers' income. Using the Global Value Chain approach (Gereffi, Humphrey, and Sturgeon,
2005), the study examines the structure of the shrimp value chain, including the roles of hatcheries, feed
suppliers, farmers, processors, exporters, and lead firms. The approach is also used to assess how inland
producers can integrate into export-oriented networks and to evaluate opportunities for technological,
process, product, and functional upgrading. The Sustainable Livelihood Framework is applied to assess
how farmers' access to livelihood assets shapes participation in shrimp aquaculture and income from
farming. The analysis covers natural capital such as saline land and water resources, physical capital
including capital intensive infrastructure, human capital reflected in skills and technical knowledge,
financial capital encompassing credit, subsidies, and insurance, and social capital such as farmer producer
organisations and market networks. To capture income differentials and diversification outcomes, the
study conducts a comparative profitability analysis of shrimp aquaculture and dominant crop-based
systems. Crop profitability is estimated using both paid out and fixed costs, based on official cost of
cultivation data of Commission for Agricultural Costs and Prices. Net returns from shrimp farming are
compared with returns from paddy—wheat and other prevalent cropping systems in the Sirsa district,
Haryanato assess relative income gains and economic viability.

The analysis further incorporates a risk and finance framework that identifies production risks related to
disease outbreaks and water quality, market risks arising from export price volatility and trade restrictions,
financial risks associated with high input costs and limited credit access. To quantify risk exposure, the
study employs simulation-based risk models that assess income variability and financial vulnerability over
multiple production cycles. These simulations examine scenarios of crop failure, yield shocks, and price
fluctuations, and evaluate their impact on cash flows, credit dependence, and indebtedness for shrimp
farmers.

Fieldwork was conducted for the reference period of 2025 crop cycle in Krishna, West Godavari, and
Kakinada districts of Andhra Pradesh, and in Sirsa district of Haryana. Primary data were collected through
farmer interviews, focus group discussions, and stakeholder consultations with hatchery operators, feed
suppliers, processors, traders, consultants, and government officials. Quantitative data collected during
field visits include income per hectare per production cycle, capital and working capital requirements,
frequency of crop failure, payback periods, and employment generation. Cost and profitability estimates
are based on case studies of 14 farmers in Sirsa district, and 10 shrimp farmers in Andhra Pradesh.

1.4. Structureofthereport

The report is organized into five chapters, Chapter 1 provides an overview of the global shrimp value chain
and looks atits impact on rural livelihoods. It also outlines the study's objectives, framework, and methods.

Chapter 2 provides a snapshot of the global landscape of shrimp production and the features of GVC. The
chapter also shows the shrimp production trend and regional dimension in India.

Chapter 3 gives a detailed analysis of the coastal shrimp farming models including vertical integration
models, hub and spoke models, contract farming in Andhra Pradesh as the state is the major producer of
shrimp farming in India. It uses interviews with stakeholders, case studies, and secondary data to map the
structure of the state's shrimp value chain. The chapter identifies the drivers of shrimp value-chain growth
in the state.

Chapter 4 focuses on the potential for expanding shrimp farming into inland saline areas, specifically in
Haryana. It uses Sirsa district as a case study to trace the development of shrimp farming in the state. The
chapter identifies value-chain bottlenecks and analyses farmers' risks, credit issues, and income
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generation. It considers if the coastal model of Andhra Pradesh can be modified for Haryana's inland
setting, the current gaps highlighting opportunities for connecting to global markets. The chapter looks at
the risks and financial health of shrimp farming by simulating five-year business models in various farming
settings. These simulations assess the long-term viability of shrimp businesses, considering changes in
input costs, disease outbreaks, market prices, and crop failures. By modelling profitability, payback
periods, and break-even points, the chapter identifies factors that affect farmers' financial results. It
examines the main causes of risk, including poor biosecurity, limited access to affordable credit, and
market volatility. It also highlights where specific policy changes are needed to improve resilience and
support the sustainable growth of the sector.

Finally, Chapter 5 presents policy recommendations aimed at strengthening institutional support,
improving farmer resilience, and enabling the scalability of sustainable inland shrimp aquaculture in India.
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Shrimp is the second-largest seafood as measured by world trade followed by salmon. The global shrimp
market is worth USD 68.84 billion in 2024. It has been growing quickly and will continue growing at a rate
of 4.5 percent during the period 2025 to 2033 (Market Intel Report Shrimp, 2025). Shrimp farming grew
significantly between 2013 and 2023. Total production of farmed shrimp increased from 4.6 million metric
tonnes (MMT) inthe 2013 t0 9.2 MMT by 2023 (FAO, 2024, latest data available). This rise represents a 97
percent increase, during a decade. China continued to lead global production, contributing 3.05 MMT in
2023, up from 1.2 MMT in 2005. China's long coastline, technology-driven aquaculture practices, and
rising domestic demand for shrimp have contributed to significantly higher productivity—averaging
around 30 tonnes per hectare compared to India's average yield of 7.5 tonnes per hectare (China fisheries
stat, MPEDA, 2023). China's share in global production has consistently been around one-third, making up
nearly 33.3 percent in 2023 (FAO, 2024). Ecuador, known for its sustainable and integrated shrimp
production, seeing a remarkable increase of 930 percent in production through large scale vertical
integration from 0.12 MMTin 2005 to 1.22 MMTin 2023 (FAO, 2024).

Global Trends, Indian Trajectories

Thailand's production dropped sharply after 2012, mainly because of repeated outbreaks of White Spot
Syndrome Virus (WSSV). This situation shows the sector's vulnerability to disease outbreaks. From 2011
onwards, shrimp farming saw rapid growth in all these countries —India, China, other Southeast Asian
countries, and Ecuador. This growth was largely driven by the adoption of L. Vannamei, the Specific
Pathogen Free (SPF) strain, which allowed for faster growth, intensive culture and better survival rates in
various environmental conditions.

India emerged as the world's second-largest shrimp producer, surpassing Ecuador and Vietnam by making
use of its vast coastal and brackish water resources (Figure 2-1). This fluctuation highlights the need to
tackle structural problems such as high mortality rates, inconsistent farm management, disease prevention,
and focus on geographical expansion. These issues are critical as global shrimp markets remain very
competitive and sensitive to production shocks. More recently the punitive tariff of the US has also
impacted the sector. On August 27,2025, the United States of America, India's single largest shrimp export
market (48 percent share in value) imposed an additional 25 per cent penalty tariff on Indian shrimp, raising
the total tariff burden to 50 per cent. This followed the imposition of a 25 per cent reciprocal tariff on July
30, 2025, over and above existing anti-dumping and countervailing duties of about 8.26 per cent. As a
result, the effective tariff on Indian shrimp exports to the US has escalated sharply from 33.26 per cent to
58.26 per cent (Das, Gupta, and Gulati, 2025).
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Figure 2-1: Shrimp and Prawn Production in Major Countries
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2.1. Exportof Shrimp from India

The distribution of India's shrimp exports from 2013 to 2024 shows a steady upward trend that highlights
India's position in the global aquaculture export market. The total export value of shrimps has more than
doubled, increasing from USD 2.6 billion in 2013 to USD 5 billion in 2024 (calendar year, ITC Trade map).
This growth underscores the sector's resilience to respond to changes in the global market. A closer look at
regional demand shows significant shifts in India's shrimp export portfolio. By 2024, the United States,
Southeast Asia, and China have become major markets, making up most of India's shrimp exports (Figure 2-
2). China prefers to import Head-On Shell-On (HOSO) shrimp. Ecuador dominates this market, providing
nearly 60 percent of China's shrimp imports. In contrast, India only contributes about 13 percent (Figure 2-3).
This is because India's processing facilities focus on peeled or value-added shrimp. Additionally, India's
capacity for quick freezing technologies, which are vital for HOSO exports, is fairly limited.

The USA remains an important market for Indian shrimp, making up about 37 percent of its shrimp imports.
However, growth has slowed in recent years. This change is likely due to stricter trade regulations and a rising
consumer demand for certified sustainable and traceable aquaculture products. The European Union and Japan
have shown stable but slower import trends, indicating mature markets with strict quality and sustainability
standards. Exports to the Middle East have grown modestly, showing early steps toward diversifying beyond
traditional markets. This diversification is crucial for protection against trade risks and price fluctuations,
especially with rising sanitary and phytosanitary (SPS) standards and geopolitical issues in key markets.

From a policy standpoint, this export trend emphasizes the need to maintain product quality, traceability, and
adherence to international certification standards like the ASC and BAP. Improving infrastructure in non-
coastal areas for post-harvest management and cold chain logistics, is essential to sustain growth and reduce
regional gaps in export readiness.
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Figure 2-2: Shrimp Exports from India in Value (USD billion)
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Figure 2-3: Major Import Partners of USA (left) and China (right) 2024 by Value
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2.2. Global Value Chain of Shrimp

The shrimp GVC includes several connected stages, each needing specialized inputs, technologies, and
coordination. The global aquaculture value chain affects many sectors by bringing in foreign exchange,
supporting rural livelihoods, and boosting industrial growth in hatcheries, feed, processing, and export
markets. It offers income and jobs, especially in developing countries, but it also raises environmental
issues related to disease, waste, and resource use. The constituents of shrimp value-chain are hatcheries,
nurseries, grow-out farms, feed and health management, aggregation and logistics, processing, and export
and retail.

Hatcheries

The GVC starts with hatcheries, where broodstock are bred to produce post-larvae (PL) seeds. The quality
of PLs is crucial because it affects survival rates and growth in later stages. SPF broodstock are increasingly
used to reduce disease risks, like WSSV and Acute Hepatopancreatic Necrosis Disease (AHPND)
(Karunasagar, Karunasagar, & Raghunath, 2016). In India and Thailand, hatcheries are usually operated by
specialized firms. However, small-scale producers in Vietnam and Indonesia depend on unregulated
suppliers that increases their risk of disease. Acclimatisation of seed before stocking and transporting to
grow out ponds is necessary step to ensure survival and growth of PLs.

Nurseries

Nurseries act as an intermediary stage, helping PLs adapt to farm conditions and boosting their resilience
before they are stocked into grow-out ponds. This stage lowers mortality rates and improves production
efficiency, especially in intensive systems. In Ecuador, the use of nursery systems has expanded
significantly, contributing to the country's growth as a top exporter (Marcillo, 2017). The high cost of
nursery facilities limits its use among small-scale farmers in Asia, where direct stocking is more common
(Bottema, Bush, & Oosterveer, 2018).

Feed market

Global shrimp feed companies are located in Global South countries including Ecuador, Peru, Brazil, in
South America and South and south-east Asian countries including India, China, Thailand, Vietnam,
Indonesia, and Philippines.
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Figure 2-4: International Prices for Fish Meal, Soybean Meal and Shrimps
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Figure 2-4 shows rise in fish meal cost 2007 onwards with expansion of aquaculture and increase in demand.
However, the output price has not shown corresponding increase due to increase in global competitiveness
during this period with expansion of L. Vannamei. More recently in 2022, first the geopolitical tension surged
the soybean meal and wheat prices, two other key components of fish meal. Early 2023, the global fish meal
prices further increased sharply, driven largely by the cancellation of the anchovy fishing season in Peru, one
of the world's largest producers. This disruption has created a global shortage of fishmeal, a key ingredient in
aquaculture feed, resulting in record-high feed costs (Intrafish, 2023). At the same time, shrimp prices have
declined after mid- June, and slumping through 2023-24. This fall is likely attributed to an oversupply in
global shrimp markets, particularly from major producers like Ecuador, where expansion of shrimp farming
has outpaced demand recovery post-pandemic through vertical integration. This price-cost squeeze, rising
input costs and falling output prices of shrimp is impacting shrimp farmers' profitability.

Global production network (GPN) of shrimp value-chain is largely integrated, where hatcheries brood stock
supply comes from Global North countries and feed companies and processing units are located in Global
South countries. Feed market is concentrated in major producing countries, like Skretting constitutes 39
percent share of Ecuador shrimp feed market, Avanti feed in India comprises 25 percent share of India shrimp
feed market (Shrimp Insights, 2022). Managing feed and health is essential for shrimp growth and controlling
diseases. Feed, mainly made from fishmeal, constitutes 50-60 percent of the production costs. Health
management includes using probiotics, monitoring water quality, and implementing biosecurity measures to
address diseases, which are responsible for around 40 percent of the annual global production losses. In
Thailand, technologies that use sensors for real-time water quality monitoring are emerging, but their use is
limited by cost and the need for technical expertise (Thitamadee, etal., 2016).
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Aggregation and Logistics

The global shrimp value-chain is concentrated as many players are involved in the value-chain and cluster
model is the key to success in shrimp value-chain dynamics. For instance, the Mekong delta is the major
shrimp hub in Vietnam and comprises 89 percent of the production. After harvest, shrimp are aggregated
through collection centres or middlemen and transported through cold chain logistics to processing plants. In
Vietnam's Mekong Delta, middlemen play a key role but their involvement cuts into the farmers' profit
margins (Nguyen, Nguyen, & Jolly, 2019). Cold chain logistics are vital for maintaining product quality,
especially for export markets. In Ecuador, investments in refrigerated transport have bolstered its competitive
position, while logistical challenges in Indonesia create obstacles and fosters inefficiency (Marcillo, 2017).

Processing

Processing facilities convert raw shrimp into market-ready products through grading, de-heading, peeling,
freezing, and adding value, such as making breaded or pre-cooked shrimp. These facilities, typically near
production sites, meet international market specifications for size, packaging, and traceability. In India,
processing plants are increasingly using automation to comply with strict EU and U.S. standards. However,
small-scale processors find it difficult to manage compliance costs (Mandal & Singh, 2025). Adding value
increases profitability but needs significant capital investment.

Export and Retail

The final stage involves distributing shrimp to global export markets and large retail chains like Walmart and
Tesco. These retailers have significant power, setting private standards for quality, sustainability, and
traceability through certifications like the ASC and Global GAP (Bush, Belton, Little, & Islam, 2019). The
US and EU markets emphasize sustainability and food safety, while China's increasing demand focuses on
affordability. Export dynamics are influenced by trade policies, tariffs, and consumer preferences.

Governance of the Shrimp GVC

The shrimp GVC is governed by international buyers, retailers, and processing firms that control standards
and certifications. These entities located in the Global North, shape upstream practices by enforcing
requirements for environmental sustainability, social responsibility, and product traceability. For example,
ASC certification requires reduced environmental impact and fair labour practices, affecting farm
management in Vietnam and Thailand (Lebel, Lebel, & Lebel, 2016). However, compliance with these
standards can be expensive, often pushing small-scale producers out and reinforcing power imbalances
within the chain (Nayak, 2021).

Private governance is supported by public regulations, such as import inspections in the EU and US that focus
on antibiotic residues and food safety. In producing countries, government policies differ; Ecuador has a
supportive integrated framework while Indonesia has regulatory gaps ( Boyd, et al., 2021; Rimmer, Sugama,
Rakhmawati, Rofiq, & Habgood, 2013). The interaction of private and public governance highlights the need
for coordination to balance profit with sustainability and and inclusivity.

2.3. Challenges and Opportunities

The shrimp GVC faces various challenges. Disease outbreaks caused by pathogens like AHPND remain a
constant threat, worsened by intensive farming practices and global trade in broodstock (Restrepo, Bayot,
Betancourt, & Pinzon, 2016). Environmental damage, including mangrove loss and water pollution,
jeopardizes long-term sustainability (Das, Das, & Roy, 2016). Market fluctuations, influenced by global
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supply shocks and trade policies impact farmers' incomes. Small-scale producers encounter financial
barriers, such as limited access to credit and insurance that makes it harder to adopt modern technologies or
meet certification requirements and the cooperative model and horizontal integration of farmers which is key
to increase small farmers' adoption of shrimp aquaculture (Nguyen, Nguyen, & Jolly, 2019). There are also
strategies of diversification of shrimp farming with other species like salinity tolerant tilapia to reduce the risk
(Setyawan, etal.,2022).

There are opportunities for innovation, including sustainable technologies like Biofloc and Recirculating
aquaculture systems (RAS), which lower environmental impact and increase yields (Boyd, et al., 2020).
Digital tools, such as blockchain for traceability and sensors for farm management have the potential to boost
efficiency and satisfy market needs (Thitamadee, et al., 2016). Public-private partnerships improve access to
financing and training helping small-scale farmers enter high-value markets (Lebel, Lebel, & Chuah, 2019).
Alternative feed sources like Black Soldier Fry (BSF) reduce costs and lessen reliance on fishmeal (Chia, et
al.,2021).

In sum, the chapter shows that the global shrimp aquaculture has expanded rapidly over the past decade,
driven by technological innovation, the spread of SPF L. Vannamei, and consumer demand across major
importing regions. China and Ecuador show two distinct but successful growth pathways: technology-driven
intensification in one case, and vertically integrated export-oriented production in the other, highlighting how
scale, efficiency, and biosecurity shape competitiveness. India has emerged as the world’s second-largest
producer and a major exporter, the major challenges in the value-chain are vulnerability to disease risks,
infrastructure gaps, traceability, and processing capacity. The global value chain analysis underscores that
shrimp aquaculture is both highly interconnected and governance-intensive, with standards increasingly
imposed by retailers and certification bodies that requires traceability from crop management practices to
processing. For India, leveraging these opportunities while strengthening domestic value chains,
technological change in production system vulnerabilities will be central to maintaining competitiveness and
ensuring that shrimp aquaculture contributes meaningfully to rural incomes and exports in the years ahead.
The next chapters will focus on the value-chain ecosystem of shrimp in Andhra Pradesh and it’s potential to
expand in the inland saline shrimp aquaculture with a focus on Sirsa, Haryana.
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Andhra Pradesh Model of Shrimp Aquaculture

A

Andhra Pradesh is a distinct fisheries economy with 32 percent share of fisheries in agriculture GVA in
2023-24 with an AAGR of 17 percent during 2013-14 and 2023-24 (Gol, 2023-24). The state has a long
coastal line of 754 km and 1.74 lakh ha. of brackish water area. Since 2011 after introduction of L.
Vannamei which is a higher disease tolerant variety first imported from Taiwan has expanded in India.
Andhra Pradesh accounts for nearly 82 percent of India's total farmed shrimp production, contributing
approximately 9.64 lakh tonnes out of the national total of 11.71 lakh tonnes in 2023-24 (Figure 3-1)
(MPEDA 2024). In terms of L. Vannamei production, the share is higher at 87 percent of the total
production. The state's dominance is driven by its robust infrastructure, established hatchery network,
proximity to ports, and integrated value chains. While other coastal states such as West Bengal, Odisha, and
Gujarat show considerable potential for growth, their expansion is constrained by environmental
challenges, higher costs of electricity, feed, and PL supply and gaps in cold chain and processing
infrastructure.

Figure 3-1: Shrimp Production in India and Andhra Pradesh
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Figure 3-2: Field Locations for Stakeholder Consultations
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The value-chain of AP is concentrated and controlled by stakeholders. Major players are hatcheries, feed
industries, farmers, processors and exporters. The sector has matured in the state over the years and the
majority entered the business from 2011 onwards. The shrimp value-chain in Andhra Pradesh has both
vertical integrated models and networks of open markets (Figure 3-3).

Figure 3-3: Andhra Pradesh Value Chain Landscape
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3.1. Hatcheries: Challenges and Opportunities

Andhra Pradesh is the backbone of India's shrimp seed production network, housing about 364 hatcheries,
which make up over 79 percent of the country's total. These hatcheries are the first part of the shrimp value-
chain connecting imported broodstock to seed production and, to export-oriented farms. This important
segment of the value chain faces challenges like risk, finance, and sustainability.

Functional Complexity and Operational Risk

Field observations from hatchery units in AP show complex but very sensitive production processes.
Seawater is drawn into 3-tiered 1200-ton reservoirs and treated through multi-stage filtration, including sand,
activated carbon, and manganese-based iron removal. After this, the water undergoes ultra-filtration and UV
sterilization. It is chilled and adjusted for salinity before it goes into the maturation tanks. Although this
system is technically advanced, it is vulnerable to seasonal disruptions like rainfall and changes in water
quality. Keeping environments free from pathogens is essential, especially due to the spread of
Enterocytozoon Hepatopenaei (EHP), which persists in farm systems. While EHP contamination is rare in
hatcheries, the risk of transmission after distribution remains high (Patil, et al., 2021).

Genetic Diversity and Brand Segmentation

To meet different salinity and disease resistance needs, hatcheries maintain various brood stock lines,
including SyAqua, Kona Bay, and SIS, sourced from certified suppliers in the US, Singapore, and Indonesia.
These lines include disease-tolerant (RT), fast-growth (FAST), and hybrid (HY) variants to match the
environmental and economic preferences of farmers in regions like AP and Haryana. However, providing PL
supply that meets specific salinity and growth cycle needs is a challenge for hatcheries that must adjust their
operations to fit diverse buyer requirements.

Financial Constraints and Small-Scale Ownership

Most hatcheries in AP are small-scale and individually owned, facing limited access to affordable capital or
formal credit lines, despite their technical role in the GVC. Of roughly 450 hatcheries across India, only 89
hatchery groups imported or sourced brood stock in 2023. Around 200-250 hatcheries only grow nauplii to
the PL stage, operating on a small scale with high operating costs. This restricts their ability to invest in
advanced filtration systems, biosecurity measures or certified SPF brood stock. The financial weakness of
these units is critical during disease outbreaks or market downturns when seed demand drops.

Market Consolidation and Governance Shift

The shrimp hatchery segment is slowly consolidating. The import share of the top 10 hatchery groups
increased from 35 percent in 2019 to 44 percent in 2023, and the top 25 groups now account for 65 percent of
all brood stock imports. This shift shows a move toward integrated hatchery-farm-export connections that
may exclude smaller players lacking the necessary capital, technical skills, or certifications.

Opportunities for GVC Integration

Despite the challenges, the hatchery segment holds strategic potential for strengthening India's position in the
global value chain. Innovations such as genetic line customization (e.g., FAST, RT, SPF lines), on-demand
salinity adjustment, pathogen control through UV and chemical treatments, and real-time seed health checks
by farmers offer opportunities for improving seed quality, disease resistance, and traceability across the
shrimp production ecosystem. These technical advancements must be supported by enabling policy
interventions. like targeted incentives to promote genetic diversification and SPF certification, low-interest
financing schemes to upgrade hatchery infrastructure, stronger regulatory frameworks for biosecurity and
water quality management, and formalized contracts between hatcheries and farmers to ensure predictable
demand for PL and mitigate market volatility. While there is technical capacity, the sector faces
fragmentation, financial constraints, and environmental risks that challenge sustainability. Helping small and
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mid-sized hatcheries upgrade, innovation in regional expansion, and meeting global quality standards will be
essential for inclusive growth in India's aquaculture exports.

Case Study I - Sapthagiri Group — Hatchery Segment
Leadership in India's Shrimp GVC

Sapthagiri Group is a leading player in India's shrimp hatchery sector. Established in 2001 and based
in Andhra Pradesh, the group has grown to become the largest importer and producer of L. Vannamei
broodstock in the country, with 27 hatchery units as of 2023, where the next company Vaisakhi has 8
hatchery units. In 2023 alone, Sapthagiri imported over 15,000 broodstock units, outpacing any other
hatchery group and underlining its key role in India's shrimp seed supply chain.

Operational Capacity and Consolidation

With 27 hatcheries, Sapthagiri has one of the largest hatchery networks in India. Its growth reflects the
wider consolidation trends in the industry, where the top 10 hatchery groups now make up 44 percent
of all broodstock imports, up from 35 percent in 2019. This growth often comes from acquiring or
outpacing smaller hatcheries, allowing Sapthagiri to maintain scale, consistency, and year-round

supply.
Regional Anchoring and Spatial Advantage

Sapthagiri operates mainly in Andhra Pradesh, which hosts about 75 percent of India's L. Vannamei
hatcheries. This location gives access to a dense network of broodstock multipliers, infrastructure
support, and proximity to major farming areas in East Godavari, Nellore, and Prakasam. Unlike
hatcheries in Tamil Nadu that primarily supply other states, AP-based hatcheries like Sapthagiri enjoy
close ties to local production systems.

Technology, Genetics, and Biosecurity Practices

Field observations from a Sapthagiri hatchery show advanced water treatment systems with multi-
stage filtration, UV sterilization, and cooled water management. The group uses several broodstock
lines, such as SyAqua, Kona Bay, and SIS, to meet environmental needs. Seeds are salinity-tested
based on client samples, and genetic diversity is preserved to lower disease risk. While
Enterocytozoon Hepatopenaei (EHP) is a concern for the sector, Sapthagiri uses high-quality filtration
and season-specific water protocols to minimize biohazard risks.

Business Model and Risk Management

Sapthagiri's size helps it handle market and biological risks better than smaller hatcheries. It offers
customized PL solutions, ranging from PL9 to PL15, based on buyer preferences and salinity profiles.
By maintaining three genetic lines-RT (resilience), FAST (growth), and HY (hybrid), Sapthagiri
balances productivity and survivability, addressing issues seen in mono-line hatcheries. The group's
ability to operate year-round and diversify product offerings positions it well within the global value
chain.

Sapthagiri hatchery focuses on integration, biosecurity, and genetics-based customization. Policy
frameworks should therefore aim to help smaller players upgrade while ensuring consistent
regulations on genetic imports, water protocols, and disease surveillance.
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3.2. Riskand Finance of Farmers

Krishna has the largest shrimp farming production, followed by Bapatla, SPS Nellore, and West Godavari
districts (Figure 3-4). Because of this significant concentration, the field visit and stakeholder key interviews
have been focused on Krishna and West Godavari districts to assess the risks shrimp farmers face and their
access to finance. The study examines the vulnerabilities, such as disease outbreaks, crop failures, and market
fluctuations and the challenges, including credit access, insurance coverage, and input supply, that shrimp
farmers face.

Figure 3-4: District-wise Brackishwater Shrimp Production in Andhra Pradesh 2022-23
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Finance

Shrimp culture is a capital-intensive business. Farmers use formal and informal loans. The sector comes
under the priority sector lending (PSL). The Kisan Credit Card (KCC) for Animal Husbandry and Fisheries
under the PSL guidelines, effective from July 1, 2025, offers formal credit access to fishery farmers with
structured interest rates—7 percent for loans up to INR 2 lakh, MCLR +1.25 percent for loans up to INR 20
lakh, and MCLR +2 percent for loans between INR 20-50 lakh—providing tiered financing support for
different scales of operation. With a revolving credit structure valid for five years and annual enhancement
provision of 10 percent, the scheme ensures flexibility, while interest repayment for fishery loans is
mandated on a half-yearly basis (30th September and 31st March), easing cash flow pressures for
aquaculture farmers. The scheme provides an interest subvention of up to INR 3 lakhs annually (with a INR
2 lakhs cap per farmer) to incentivize timely repayments. Crop loan component is prioritized for
subvention, and only residual capacity applies to fishery. However, there is lack of formal credit
availability particularly among the small farmers due to lack of collaterals.
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The data from shrimp farmers in Andhra Pradesh highlights the credit situation that supports the growth of
shrimp farming. Farmers rely on informal loans from moneylenders, with interest rates between 18 percent
and 24 percent per year. Although these loans do not require formal collateral, they come with high
financial costs. Farmers like Javvadi Yesu and N. Sivarama Raju often depend on these informal loans to
cover their shrimp farming costs, paying back both interest and principal after the harvest. While
repayment terms seem flexible and often match seasonal cash flow, the overall financial pressure can be
significant, especially when survival rates or market prices are low.

On the other hand, formal credit options provide more predictable repayment terms and lower interest
rates. For instance, K. Adinarayana Chowdary, a shrimp farmer, has had along-term overdraft account with
a commercial bank since 2010, with an interest rate of 10.5 percent per year. This formal credit allows him
to finance high-value operations, showing that bank loans can create a more stable foundation for
commercial shrimp farming when they are managed well. Similarly, first-time farmer R. Venkateswara Rao
has taken out a gold loan of INR 70 lakhs, distributed over three months with a repayment deadline of one
year. Although the interest rate is not stated, the strict terms—including losing the collateral if he
defaults—show the reluctance of formal lenders to take risks on large aquaculture loans.

These trends expose a gap in agricultural finance. Informal loans are a necessary lifeline for farmers
needing cash, but they lead to long-term financial struggles. Formal loans have better interest rates and
more stability but are often hard to reach or rigid for many small and medium shrimp farmers. Closing this
gap calls for a comprehensive policy approach—improving access to official agricultural credit, creating
specific loans for aquaculture with seasonal repayment options, and increasing financial awareness. Better
integration of shrimp farmers into formal financing can boost profits, lessen reliance on exploitative loans,
and enhance livelihood security in India's growing inland shrimp farming sector.

Case study II - Diversification, Nursery Management, and
Technological Integration in Shrimp Aquaculture

K. Adinarayana Chowdary, an aquaculture farmer with a Class X education from Korangi village in
Tallarevu Mandal, Kakinada, showcases how technology and risk management can improve
livelihoods in inland shrimp farming. He operates on 40 acres, with 11 acres owned and the rest
leased from family members. His farming approach significantly diverges from traditional
monoculture methods. He uses a polyculture model that combines L. Vannamei shrimp and carp,
along with Biofloc technology and nursery-based planning to boost output and minimize losses.

A key aspect of his model is the Biofloc-based nursery tanks, which received initial support of 60
percent of capital costs from PMMSY. Chowdary invested around INR 30 lakhs to establish six
biofloc tanks, each with a 60,000-litre capacity. These tanks mainly serve as nurseries for PL9
L. Vannamei shrimp. This controlled environment helps him maintain seed quality and survivability
before they move to grow-out ponds. While the PMMSY support aimed to promote standard
practices, Chowdary's decision to expand and adapt the biofloc system shows his innovation and
response to local conditions.

Shrimp Farming in H )
rimp Farming in Haryana §§>127 _

Learnings from Andhra Pradesh



CHAPTER-3

He stocks these nursery tanks with up to 5 lakh seeds per tank, managing them for 20 days. By
carefully monitoring conditions, adding oxygen, and using probiotics, he ensures better survival
rates. He times the transfer to grow-out ponds based on the shrimp's maturity and practical factors
like pond location and oxygen needs during transport. The nursery also cushions against unexpected
seed supply issues and provides flexibility for the 4 to 5 shrimp cycles he plans to manage each year.

Chowdary also reduces production risks by diversifying species. Besides shrimp, he raises carp,
which are added after a brief nursery phase and grown to market size in the same polyculture ponds.
The staggered harvesting of fish, typically after 5 to 7 months, aligns with shrimp harvest times and
ensures cash flow even if some shrimp sub-cycles do not perform well. He expects carp to yield
about 2.5 tonnes per acre, selling for INR 117 per kg, which offers a stable revenue stream estimated
atINR 2.92 lakh per acre.

The cost structure on the farm shows significant investments in both fixed and variable capital.
Infrastructure includes aerators, borewells, generators, transformers, and bio-security fencing
across all 40 acres. The electrical setup alone, which consists of five transformers and the wiring,
costs over INR 90 lakhs. He meets his working capital needs through a formal loan of INR 1 crore at
10.5 percent interest via an overdraft facility, making regular interest payments. He does not rely on
middlemen and has access to bank crediteven on leased land as collateral.

Labour management is centralized, with 17 full-time workers across the farm. Feed is sourced from
established companies like Devi Sea Foods and Godavari Edible Oil, and it constitutes the main
variable expense, with carp feed adding to the cost per acre. Other inputs include probiotics,
minerals, oxygen cylinders, and disease control measures, all managed effectively through
Chowdary's knowledge and experience.

While he experiences partial crop failures in about 3 out of 10 shrimp sub-cycles, he has never faced
a total loss due to his diversified stocking, mid-cycle re-seeding, and various harvesting strategies.
During failed shrimp sub-cycles, he reduces feed for a few days, allowing fish to eat and clean up
diseased shrimp, thus recovering part of the revenue through fish sales.

_ 28% Shrimp Farming in Haryana:

Learnings from Andhra Pradesh



CHAPTER-3

3.3. Shrimp Feed Marketin Andhra Pradesh

Functional Overview

As mentioned earlier, feed costs range from INR 78 to 95 per kg, making up 45-60 percent of total variable
farming costs. Andhra Pradesh has over 30 shrimp feed mills that produce about 1.5 to 2 million tonnes each
year. Major players in the industry are Avanti Feeds, CP Aquaculture, and BMR Industries, along with several
medium and small producers. The two main ingredients, fishmeal and soybean meal, are unstable in price due
to global supply fluctuations and reliance on imports. Fishmeal, which makes up 20 to 30 percent of the feed,
comes from marine by-products like sardines and anchovies, while soybean meal is mostly imported (Figure
3-5). In 2024, fishmeal prices increased significantly due to falling anchovy catches in Peru, highlighting
sustainability and pricing concerns.

Figure 3-5: Composition of Fish Feed for Shrimp 2024
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Source: Stakeholder consultation

Role of Credit Agents and Dealers

Shrimp feed distribution depends on a network of over 2,000 dealers and sub-dealers, many of whom are local
business owners or large shrimp farmers. Most feed is sold through these intermediaries instead of directly to
farmers. These dealers handle many brands and also sell farm health inputs. The top 100 dealers make up
about 50 percent of the market, while the top 500 control 90 percent. The relationships between dealers and
farmers are mainly based on credit. While about 70 percent of the feed is sold by manufacturers to dealers for
cash, nearly 90 percent of dealer-to-farmer transactions are on credit. Payment periods often exceed 60 days,
and dealers earn margins on product sales and the interest they collect during the credit term.

Finance and Risk Dynamics

The feed distribution system is essential for financing in the shrimp aquaculture ecosystem. Most farmers
have limited working capital, so this informal credit arrangement helps them access inputs. It also increases
the financial burden on small farmers and exposes dealers to repayment risks. Delays in feed delivery due to
transport issues, labour shortages, or global disruptions like COVID-19 can raise costs and interrupt
production cycles. Over reliance on fishmeal also raises sustainability concerns, making the move to
alternative protein sources, such as plant-based or microbial ingredients, an important area for innovation.
However, research and development for these alternatives can be costly.
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Overall, the shrimp feed value chain in Andhra Pradesh is crucial for maintaining production and farmer
profitability. However, challenges such as rising input costs, reliance on credit, and resource sustainability
require coordinated policy and investment efforts. Fish feed market is interlinked with processing segment,
where farmers purchase feed with buy back transaction and the value get adjusted while selling the shrimp to
processors. In feed major challenges are quality of feed, increase in cost depending on the input prices.

3.4. Vertical Integration Models in the Shrimp Value Chain: Lessons from the
Global South and Insights from Andhra Pradesh

In the Global South, vertical integration has become a key strategy to increase efficiency, traceability, and
market access in the shrimp value chain. Countries such as China, Vietnam, and Ecuador have developed
integrated production-export systems that connect small-scale farmers to global buyers. These systems offer
structured farming, technical support, and post-harvest logistics (Figure 3-6). They are also supported by
environmental and food safety certifications like ASC and BAP. These certifications are essential for entering
premium markets in the United States, Europe, and Japan.

Figure 3-6: Andhra Pradesh Value Chain Map
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Vertical Integration Model of Sandhya Aqua

Hatchery Processing Own Farming
Sandhya Aqua %} %} 4}
Own 400 ha.,
Year 2021 2023 2005 Contract farmers area 2730
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. 1,000 million
Capacity PL/year 66,000 MT/year 56,000 MT/year

Export: Majority exported to US Largest exporter of cooked shrimp, 10,000 MT in 2023. Owns seafood import and distribution business in the US.
Marketing models: Vertically integrated company

Source: Authors' field visit

India, the second-largest shrimp exporter in the world, has seen the growth of vertically integrated models,
though there is regional diversity and a mix of private and public support systems. To learn how farmers fit
into these models and how they might be adapted to new areas like inland saline regions, we conducted case
studies of two leading companies in Andhra Pradesh: Devi Seafoods and Sandhya Aqua.

Devi Seafoods uses a hybrid integration model. It has over 1,400 farmers in its procurement network and a
processing capacity of more than 100,000 metric tonnes. The company combines its own production,
contract farming, and open market purchases. Farmers voluntarily approach the company, which leads to
on-farm testing. Only after a batch meets the company's quality and biosecurity standards do negotiations
begin. This approach prioritizes farmers' flexibility, allowing them to accept or decline offers. About 45
percent of its procurement comes from contract farming, and Devi Seafoods tracks its supply through
internal audits and certifications like BAP. Its Individual Quick Freezing (IQF) technology and
investments in cold-chain infrastructure help it serve global markets, especially the US, which takes 60
percent of its exports.

Vertical Integration and Contract Farming Model of Devi Seafoods

Hatchery Processing Own farming
Devi Sea food M %} ™
Own (100 ha.)
Year 2000 2017 1992 Contract farmers area 2000
ha.
. 200 million
Capacity L e 300,000 MT/year 53,000 MT/year

Export. Devi Sea Foods Inc., is one of the US's largest shrimp suppliers.
Marketing models: Vertically integrated company

Source: Authors' field visit
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In contrast, Sandhya Aqua represents deep vertical integration. Since 2005, it has developed a complete
model that includes hatcheries, feed mills, contract farms, owned farms, processing units, and a direct
export network. It does not purchase shrimp from the open market, relying entirely on its controlled system
of over 1,800 hectares and four processing plants. Farmers are part of a contract farming setup that
guarantees buy-back, technical support, and certification assistance. This model reduces market risk and
ensures stable income. The company has expanded its product line to include cooked shrimp and maintains
direct retail relationships in the US through its own import-distribution businesses. This direct connection
helps itachieve better prices and reduce payment uncertainties for the company and the farmers.

Sandhya Aqua supports certifications like ASC and BAP, ensuring its farmers meet international standards.
The certifications allow the export of various shrimp sizes, which broadens market opportunities and
lowers rejection risks. Farmers who grow two or more crops a year are encouraged to invest in biosecurity
and technical upgrades, with incentives for premium size counts.

While the two companies differ in integration levels, several common lessons arise. First, certification
systems and technology investments—such as IQF, loT-based feeders, and traceability platforms—are
vital for building sustainable supply chains. Second, integrating farmers means not just assured
procurement but also facilitating learning, sharing risks, and maintaining decision-making flexibility.
Lastly, financing is a challenge. Formal financial institutions often hesitate to lend because of the biological
and market risks involved in shrimp aquaculture. As a result, companies provide informal credit or rely on
relationships based on trust. Farmers engaged in this vertical integration model are less vulnerable to risk
because of higher traceability and integration across markets, however there can be other economic
coercion in transaction.

As India looks to expand aquaculture into inland saline regions like Haryana, combining elements from
both models shows promise. For instance, localized primary processing units like processing units in
Andhra Pradesh for quality preservation, could work alongside Sandhya Aqua's strong farmer services and
certification systems. Such blended models can help newcomers in the sector access global markets
without being hindered by infrastructure or compliance issues.

This chapter shows that vertical integration in shrimp aquaculture is not a one-size-fits-all approach. It
consists of a range of practices that need to be adapted to local ecological, infrastructural, and institutional
conditions. The success of companies like Devi Seafoods and Sandhya Aqua demonstrates the importance
of meaningfully involving farmers in value chains through technology support, readiness for certification,
adoption of BMPs, and financial access. These models can boost productivity and income while building
long-term resilience for aquaculture in the Global South.
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Financial Viability and Risk Assessment of Inland Shrimp ~”
Farming in Salinity-Affected Regions of Haryana with
reference to Andhra Pradesh model

4.1. Introduction

This chapter evaluates the financial viability and risk exposure of inland shrimp farming as a scalable
livelihood option in salinity-affected regions of Haryana. It traces the shift from traditional paddy
cultivation to shrimp farming and assesses if inland aquaculture offers a sustainable economic alternative
for small and medium farmers. It looks at cost structures, return patterns, and capital intensity across
production cycles. It identifies key sources of production, market, and financial risks. Additionally, the
chapter investigates if the shrimp farming model from Andhra Pradesh can be replicated in Haryana's
inland conditions. It explores the necessary technological, institutional, and infrastructure changes
needed. Finally, it analyses the potential to create an integrated shrimp export hub in Haryana by improving
value-chain connections, processing capacity, and access to global markets. This would help position the
state within India's overall aquaculture export landscape.

The primary objective of this study is to assess the potential of salinity-affected areas in Haryana for
aquaculture development. The analysis will focus on estimating the capital costrequired for transition from
traditional crop cultivation to aquaculture, and it's economic and environmental impacts. Sirsa district in
Haryana, which has recorded the highest growth in inland aquaculture, has been selected as the primary
case study site. The chapter will identify the risks and challenges involved, and recommend policies for
scaling up aquaculture in salinity-affected regions in India to augment farmers' income.

Inland saline aquaculture is becoming a viable alternative to coastal shrimp farming. It offers several
benefits, especially in disease control and biosecurity management. Inland areas, unlike coastal regions,
provide more controlled environments. This reduces the risk of spreading pathogens and improves hygiene
on farms. Haryana's move to adopt shrimp farming takes advantage of its saline groundwater, which was
previously seen as a drawback for agriculture. Districts like Sirsa, Hisar, Bhiwani, and Rohtak report
groundwater salinity levels between 5 and over 50 parts per thousand (ppt). These levels are similar to
brackish water, which is suitable for Penaeus Vannamei.

4.2. WhyHaryana? - Livelihood Potential from Shrimp Aquaculture

Globally, about 65 percent of the area affected by salinization is in Asia, with India holding a significant
portion. Soil salinisation and degradation is a growing global concern, particularly in arid and semi-arid
regions, where it significantly undermines the productivity of crop agriculture. Soil salinisation can be of
two types: primary salinization and secondary salinization. In India, there are 6.74 million hectares (Mha)
of salt-affected soils (SAS), and roughly 1.20 Mha is in the north-western states, classified as Inland Saline
Water (ISW). This includes Haryana (2.32 lakh ha), Rajasthan (3.75 lakh ha), Punjab (1.51 lakh ha), Bihar
(1.53 lakh ha), Uttar Pradesh (1.37 lakh ha), and Madhya Pradesh (1.39 lakh ha) (Figure 4-1 and 4-2).
Alarmingly, studies by the Central Soil Salinity Research Institute (CSSRI) in Karnal predict that SAS in
India could rise to 16.25 Mha by 2050 due to unsustainable irrigation practices, groundwater overuse, and
climate change.
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In north-west India, secondary salinisation is the major issue, due to intensive groundwater extraction and
canal irrigation practices since the green revolution period of 1960s. States like Punjab and Haryana have
experienced increasing salinity levels as a result of anthropogenic interventions that have altered the
hydrological balance (Ansal and Singh, 2025). The exposure of saline aquifers and the accumulation of
salts in the topsoil have deteriorated soil quality, posing challenges for crops that require freshwater for
optimal growth.

In Haryana, the problem is particularly acute in the southern, western, and central districts, including Sirsa,
Fatehabad, Hisar, Jind, Jhajjar, Bhiwani, Mewat, Mahendragarh, Rewari, and Faridabad. Aeolian
groundwater in these areas is predominantly saline, with Electrical Conductivity (EC) levels exceeding
3000 ps/cm. Such high salinity levels render conventional irrigation unsuitable for most crops,
necessitating alternative livelihood strategies like inland saline aquaculture to convert adversity into
opportunity. The district Sirsa is close to Rajasthan border which has both confined and unconfined aquifers
which can be extracted for inland saline aquaculture. There is also challenge of waterlogging and the issue
ofrising ground water level due to poor discharge mechanism because of the canal irrigation (Singla, Patel,
Pal, & Hussain, 2018) (Kumar & Jain, 2021).

Though the ISW regions are not suitable for traditional farming systems like paddy or wheat, they provide a
unique chance to transform them into profitable aquaculture zones, especially for shrimp farming. Inland
saline aquaculture offers a practical alternative for livelihoods and fits with climate-resilient farming
strategies. Around 21 percent of the soil in Haryana is salinity affected, the share is second highest among
the landlocked states following Rajasthan with 52 percent (ICAR-CSSRI, 2025; Singh, 2018). If used
properly, these "wastelands" could become "wealth lands." Due to long term canal irrigation, the state has
large section of water logged and salinity affected soils. Seeing the potential, the Central Institute of
Fisheries Education (CIFE) partnered with the Haryana Fisheries Department to start pilot demonstrations
in the 2010s. These projects clearly showed that salinity-affected lands, covering over 100,000 hectares in
Haryana, could reach productivity levels like coastal aquaculture, yielding about 7 tonnes per hectare per
cycle. Building on these results, the state has encouraged farmers to turn salinity-affected land into
aquaculture zones. As a result, a growing network of shrimp farms has emerged. This not only improves
land use efficiency but also diversifies incomes for rural communities in water-stressed areas.
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Figure 4-1: Groundwater Salinity in Haryana

Source: Haryana Water Atlas 2025

The economic and employment effects of this change are significant. Shrimp farming has strong
connections in both directions—input supply (seed, feed, and equipment), pond construction, harvesting,
processing, and marketing—each stage creating a demand for skilled and semi-skilled workers. With an
average yield of 8 tonnes per hectare, every tonne of shrimp production is estimated to provide around four
jobs throughout the value chain. This means a single hectare of shrimp farm can create up to 32 jobs
indirectly. Additionally, 2 to 3 workers are needed per hectare for daily pond operations, boosting local
employment.

Calculations indicate that if India taps into its potential for inland shrimp farming, about 18.24 lakh jobs
could be created from production-linked activities. Another 1.71 lakh jobs may arise from pond-level
operations, while 54,720 farmers would receive direct income and job security. If just one-fourth of
Haryana's ISW land is used for shrimp farming, the state could generate around 20.49 lakh job
opportunities, significantly impacting rural employment, particularly in ecologically stressed areas. This
analysis shows that inland saline aquaculture is a model for inclusive rural change that combines
environmental recovery with livelihood outcomes.
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Figure 4-2 : Groundwater Quality Map for Irrigation Purposes
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Now let's discuss the achievement of shrimp production in a primarily vegetarian state. The area under
shrimp in Haryana has started escalating 2019-20 onwards with expansion of PMMSY scheme. Area
expanded from 440 hectares to 655 hectares, while production increased from 2860 tonnes to 8162 tonnes
(Figure 4-3 and 4-4). However, the growth is concentrated in Sirsa for inland saline water shrimp and in
Nuh for canal fisheries. That is why Sirsa as a case study from Haryana inland fisheries potential zone was
selected.
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Figure 4-3: Shrimp Production and Area in Haryana
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Figure 4-4: District-wise Area Under Fisheries in Haryana (2023-24)
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4.3. The Case of Sirsa: Shrimp Aquaculture Cluster

Shrimp farming in Sirsa, Haryana has witnessed notable growth in recent years, driven by the availability of
inland saline water resources, which were previously considered unsuitable for conventional agriculture.
Recognizing this potential, the Government of India, under the PMMSY, has designated Sirsa as a saline
aquaculture cluster to enhance production and improve farmer incomes through diversification from crop.
This strategic focus reflects a broader effort to transform ecological challenges into economic opportunities
through sustainable aquaculture. As of 2023-24, over 678 hectares of land in Sirsa had been brought under
shrimp cultivation, up from just 18 hectares in 2020-21, reflecting rapid adoption and substantial production
gains (rising from 908 MT to 4,500 MT over the same period) (Figure 4-5).
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Figure 4-5: Area and Production Growth Under Shrimp in Sirsa District
2020-21 to 2024-25
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Source: Sirsa district office of fisheries collated during field visit

The dramatic growth was enabled by favourable soil and water conditions, improved connectivity through
NH-9 and regional rail and road infrastructure, and increasing interest among farmers seeking higher returns
compared to traditional crops like paddy or cotton. A single hectare of shrimp cultivation in Sirsa can generate
a net profit ranging between INR 5.2 lakh to INR 8 lakh per crop cycle. Sirsa's saline and loamy soils,
groundwater's salinity range of 5-20 ppt, align well with the ideal parameters for shrimp farming.

Status of Sirsa in shrimp aquaculture infrastructure

There are no hatcheries, nurseries, processing units, or feed mills in Sirsa specific to shrimp farming
requirements. It has three newly commissioned cold storages and a private testing lab.

The field visit covers three blocks: Dabwali, Ellenabad, and Baraguda comprising key farmer interviews,
primary cold storage, and government officicals (Figure 4-6). These blocks have distinct share of area under
shrimp aquaculture and have potential to expand shrimp farming due to large share of salinity affected
regions. We visited multiple blocks in the Sirsa district for our field study:
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Figure 4-6: Location Map of Study Area in Sirsa, Haryana
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4.4. Economicsof Shrimp Farming in Andhra Pradesh and Haryana

Shrimp culture relative to other aquacultures is a high cost, high risk and high reward practice. The costs
and profits in shrimp culture are a function of a set of primary factors like desired harvest size, expected
prices, export demand, and certain secondary contributing factors like biological and climatic risks,
farmers' technical knowledge and management practices. Unlike crop production where risks majorly arise
due to weather shocks and pests which bring yields down, shrimp farming experiences a higher degree of
biological risks like diseases and stunted growth with high mortality.
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Factors determining net returns

Apart from variations in raw costs, there are other factors which cause significant variations in net returns
(Figure 4-7). Understanding each factor is crucial to make sense of farmers' microeconomic decision
making in both the geographies and from that infer sustainability of this initiative in Haryana.

Figure 4-7: Factors Affecting Net Returns
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=  Harvest size: The key to making profits in Haryana is the harvest of bigger shrimps. In Andhra
Pradesh markets, where the Haryana farmers sell, the price of smaller sized shrimps (100
counts/10 grams) can be as low as INR 220 per kg while that of bigger sized shrimps (20 counts/50
grams) can be as high as INR 515 per kg. So, for covering costs and earning profits comfortably,
the farmers in Haryana aim for bigger shrimps, not less than 40 counts (25 grams). Net returns
from shrimp culture in Andhra Pradesh or Haryana cannot be interpreted in isolation of
specifications of that particular culture cycle. A farmer culturing 90-100 counts may make only
INR 20-30 per kg in one cycle while in the next cycle the same farmer can culture 20-30 counts
shrimp and may make INR 80-100 per kg or more. Hence, cropping practices, partial harvest
strategies, access to market for different counts of shrimp are important for price realization of
farmers.

=  Cropping cycles: Unlike farmers in Andhra Pradesh where they take up at least two cycles in a
year and sometimes three, farmers in Haryana are doing just one cycle a year. The primary reason
reported by farmers is unsuitability of winter season for shrimp culture. Eliminating the three
winter months, a farmer still has 9 months of suitable weather but are choosing a risk-averse
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strategy of only culturing in the summer months. Additionally, two cycles in a year require
innovative management practices concerning the optimisation of stocking and harvesting time
for both the cycles which also increases risk exposure. Farmers are choosing to culture single
cycle in a year expecting good enough returns from that. As mentioned, targeted shrimp size
during stocking or during initial crop period is a primary determinant of variable costs. Targeting
larger shrimps will in proportion increase the FCR (1.1-1.4), culture duration (80-120 days), and
electricity usage. This is true for both geographies. However, in Andhra Pradesh, farmers practice
culture in a way where they can choose which shrimp size to target based on their budget
constraints, risk estimation (winter season carries more culture risk), and market demand. For
example, if a farmer has less capital for a culture cycle, he can go for culturing smaller shrimps of
70-90 counts. This reduces required costs and also realised profits. Farmers in Andhra Pradesh
can also change their decision on shrimp size mid-cycle based on their assessments of shrimp
growth performance. This is not the case in Haryana currently. Due to high costs per cycle,
farmers need to target bigger shrimps for higher yield, higher revenues and earn moderate profits.
But this lack of choice means more exposure to risk. Haryana farmers can also use similar
optimisation method as Andhra Pradesh farmers but currently they stand relatively constrained by
market access for smaller shrimps.

=  Management practices: This is another key factor. Farmers in Andhra Pradesh are on average
more experienced than Haryana. Haryana farmers are new to this. Their source of technical know-
how is primarily the handful of successful farmers in the region and middlemen who operate in the
input, output and credit markets. These middlemen bring knowledge from the coastal belt and
their incentives do not always align with the interests of the farmers. For example, optimal use of
feed and subsequently reducing costs is in the farmers' interests but not in the middlemen's
interest who are appointed by the feed mill itself with sales linked incentives.

= Accesstocredit: Creditis another factor. Formal credit is out of reach for such a high-risk activity
especially for farmers with leased-in lands. Borrowing from informal sources at higher interest
rates increases costs. In Haryana and Andhra Pradesh, this credit market gap is filled by
middlemen appointed by few vertically integrated firms or independently. These middlemen
provide inputs (seed, feed and probiotics) on credit to the farmers for one cycle with a markup
over market prices. These markups over input prices and margins in output prices make up the
middlemen's profits. Efficiency in value-chain will bring these costs down for Haryana farmers.

= Access to markets: Market access in Haryana is constrained through the network of middlemen
operating in the region. These middlemen connect the producers to the integrated firms in coastal
states. Farmers in Haryana report a comparatively lower price realisation of 5-7 percent than
Andhra Pradesh even after adjusting for the logistical costs. Since there is no processing unit in
Haryana, the market for them remains constrained to coastal states.

Costs Estimations

Farmers in Haryana provide an average fixed capital requirement of around INR 15.1 lakhs per hectare and
an average working capital requirement of INR 15 lakhs per hectare per cycle for shrimp culture. Whereas
in Andhra Pradesh, fixed costs are in the same range as in Haryana but variable costs are substantially less at
INR 9.5 lakhs per hectare per cycle on average (Figure 4-8). We verified our averages with all stakeholders
since our sample is not representative. Main finding which is also our focus is that per cycle cost in Haryana
isonaverage 58 percent higher than in Andhra Pradesh.
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Figure 4-8: Fixed and Variable Costs in Rs. Lakhs per hectare 2025
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Source: Field visits and stakeholder consultations

As compared to Andhra Pradesh counterparts, farmers and entrepreneurs in Haryana face higher costs,
lower revenues and subsequently lower profits due to value-chain gaps. This is primarily due to distanced
input and output markets from culture ponds. They source seed, feed and probiotics from Andhra Pradesh,
Tamil Nadu, Pondicherry, etc. and sell produce to processing plants in this coastal belt itself. This
inevitably increases input costs and logistics costs which reflect in their profits. The bulk of it is feed cost. It
makes 63 percent (INR 5.9 lakhs) of the variable cost per cycle in Andhra Pradesh and 50 percent (INR 7.5
lakhs) in Haryana. Feed is sourced in Haryana from Andhra Pradesh although there exists one feed mill in
the state itself. The local feed mill reports that their policy of no credit is the reason for their minor share of
the market (~25 percent). The constraints of input market access limit Haryana farmers' ability to optimise
costs.

Apart from feed, seed is another input that significantly increases costs for Haryana farmers. Seed, i.e., PL
9-12 (Post Larvae 9-12 days old), is procured from the coastal hatcheries in Andhra Pradesh and Tamil
Nadu. The price per PL is INR 0.30 to 0.35 paisa in Andhra Pradesh whereas it is INR 0.60 - 0.65 paisa in
Haryana. Though seed constitutes only 9-12 percent of total variable costs, the absolute cost per hectare is
double in Haryana than Andhra Pradesh. The logistics costs make up a large portion because of the air
freight. And again, geographical proximity and market information about hatcheries and their seed
varieties in Andhra Pradesh give farmers better choices for determining quality. Haryana farmers depend
upon middlemen for sourcing the seed.
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Electricity cost is on an average INR 1.8 lakhs per hectare per cycle in Haryana versus INR 0.25 lakhs in
Andhra Pradesh. This is a huge difference. Electricity is subsidised in Andhra Pradesh for aqua farmers. Itis
INR 1.25 per unit for farmers in declared aqua-zones with culture area of less than 10 acres. There is no such
subsidy in Haryana. Farmers in Haryana pay FPO rates of around INR 4.65 per unit. The share of electricity
intotal costis 12 percent in Haryana, whereas it is only 2 percent in Andhra Pradesh. There are two layers to
analyse these high electricity costs. First is the high unit price. Second is the power requirement in Haryana
compared to Andhra Pradesh. Farmers in Andhra Pradesh culture in brackish waters with geographical
access to creeks and drains for saline water requirements and use pumps for groundwater extraction for
maintaining appropriate composition only. In contrast, Haryana farmers extract groundwater for all needs,
increasing their power requirements. Also, as mentioned earlier, farmers in Haryana maintain high
stocking density and target larger shrimps that increases their aeration requirements. Both these
characteristics of Haryana shrimp farming increase power requirements and higher unit price multiplies
that.

4.5. Diversification to Shrimp Farming from Crop Agriculture

We compare profitability from crops versus shrimps in Andhra Pradesh and Haryana. Farmers in Haryana
are dependent on wheat-paddy or wheat-cotton systems, especially in Sirsa district. The net returns from
these crop systems are 3.6 to 4.7 times less as compared to single cycle shrimp culture in a year. We are
comparing two crop cycles with single shrimp cycle as is the case in Haryana. A single cycle of shrimp in
one year provides a Haryana farmer on average INR 6.3 lakhs of net returns. This is the case of culturing
large sized shrimps of 30 counts. While wheat-paddy system provides him only INR 1.74 lakhs per year and
wheat-cotton system provides only INR 1.32 lakhs per year at A2 cost methodology of CACP (Figure 4-9).

Figure 4-9: Comparison of Profitability in Shrimps and Crops (Haryana and AP) 2025

Imputed Net Returns
assuming AP farmers do
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large-sized shrimp farming
as in Haryana
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Note: Shrimp profits calculated at A2 and C2 costs from data collected during our field visits to Sirsa, Haryana and three districts in Andhra Pradesh.
Sample not representative of population. Numbers verified from diverse stakeholders during the field visits. Net returns for crops calculated through
datafrom CACP 2025-26 Kharif and Rabi reports (CACP, 2025-26).
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4.6. Shrimp Farmers' Risk Perception

On the face of'it, the profitability comparison makes a stellar case for diversification to shrimp cultivation.
The case is strong but requires a carefully and thoughtfully curated policy environment. There is a need to
consider all associated factors that disincentivises farmers to diversify to shrimp culture. First is the high
capital requirement. Access to credit is a structural issue in Indian agriculture. Second is high risk. Any
disease shock holds the potential to wipe out the entire crop. Third is the lack of technical know-how. All
shrimp farmers in Haryana are first generation and lack the knowledge base. Fourth, low market power.
Haryana is considered as isolated in shrimp cultivation considering the concentration of markets,
hatcheries and processing units in coastal belts.

To test the question of sustainability of profits for a farmer considering all these above factors and
uncertainty, we simulate some scenarios for both Haryana and Andhra Pradesh for a sound comparison.
Next, we present two contrasting case studies, one highlighting a successful farming experience and the
other reflecting repeated failures to examine farmers' risk perceptions, identify key vulnerability factors,
and inform targeted policy interventions.

A Monte Carlo-based, agent-level financial risk simulation for shrimp aquaculture systems under
biological shocks and market level variations is discussed here. We accommodate for production risks,
financing and insurance. We ground our assumptions from our field study, literature and from stakeholder
consultations and verifications. Our estimations of profitability per hectare per cycle from the field in the
absence of risks indicate high profits without any contest. But the story will be different accommodating
risks which will be clearer through these simulations.

Profitability Simulations adjusting for risk
AndhraPradesh case

General: This study models close to realistic scenarios for assessing the risk-insurance trade-off and the
sustainability of returns in case of crop failure. For Andhra Pradesh, we simulate 1000 farmers' 5-year
culture period involving two cycles each year, i.e., a total of 10 cycles in 5 years. We simulate for farmers
who aim to harvest larger shrimp size of 25 grams (40 counts). [t is important to mention that not all farmers
in Andhra Pradesh aim for larger shrimps which also increases costs and risks. They either decide before
stocking about the desired harvest size or decide mid-cycle after assessment of the culture growth and
associated risk-profit trade-off. We assume a moderate 11 percent interest rate on formal borrowing and an
18 percent rate on informal borrowing. Also, a 10 percent annual depreciation has been assumed on fixed
investments. Over the 5-year period, inflation is assumed at 3 percent annually.

Shocks: We model two crop failures in 5 years randomly in two different years, i.e., 2 out of 10 cycles will
be affected randomly. In Andhra Pradesh, winter season culture is more prone to diseases and growth
problems than summer season. So, we assume a 30 percent survival rate in case of summer season shock
and a 20 percent survival rate in case of winter season shock. These percentages are adjusted over the beta
(14,6) distribution of survival rates with mean 0.8.

Insurance: There are not many studies estimating either the willingness-to-pay for aquaculture insurance or
insurance premium rates in India. In Vietnam, Nguyen et. al 2021 estimate the willingness-to-pay for
shrimp producers and find almost all farmers did not have insurance but are willing to pay some insurance
premium for covering risks. The farmers were willing to pay 15-30 percent of costs incurred till 40 days of
stocking and a 100 percent compensation in the case for disease, which will translate into 5-10 percent of
total costs and a marginally lower percentage if calculated on expected revenue. In Bangladesh among
shrimp producers, the mean willingness-to-pay is in the range of 1-8 percent of total costs with distribution
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skewed towards lower premiums (Akter, Alam, Mondol, & Ullah, 2021). We assume that the insurer
charges 5-7 percent of expected revenue as premium and pays out 50 percent of the expected revenue (sum
insured). Insurance triggers when the survival rate falls below 50 percent of the stocking density. The
insurance premiums and payouts can vary depending on the conditions agreed upon by the insurer and the
farmer. Our assumptions are moderate considering the high risks involved and our objective is to build a
functional insurance cushion for farmers in our simulations. We assume no government subsidy on
premiums.

Borrowing: We simulate over 8 scenarios of formal borrowing. Four cases each of insured and uninsured
farmers. Within all scenarios, farmers are able to access 70 percent of their fixed capital requirement as
formal loan and then four cases include 0, 50, 70 and 100 percent formal borrowing on working capital
requirements. The credit market is weakly functioning in the case of shrimp farming due to high risks.
Interviews with farmers confirm this. In Andhra Pradesh, formal lending institutions are hesitant in
providing credit especially if the land is leased and not owned. In a realistic scenario, post a disease shock,
farmers borrow informally their working capital requirement for the next cycle. We accommodate for this
in our simulation by allowing farmers to borrow informally twice to cover up the working capital
requirements in such a post disease scenario but capped at INR 15 lakhs and a higher interest rate than
formal borrowing. If even after exhausting the informal borrowing limit the farmer's equity falls negative,
we assume the farmer opts out of the business.

AndhraPradesh simulation results

The general coping mechanism for a farmer after a disease shock is to face losses and expect the loss
recovery from subsequent successful cycles. For farmers who do not have surpluses from previous cycles
optto borrow or use their accumulated surplus from previous successful cycles. Farmers in Andhra Pradesh
do expect production shocks from factors not in their control like contamination from shared drains, etc.
and make accommodations for that. In our simulations, we analyse net returns annually. Annual mean net
returns for an insured farmer in Andhra Pradesh are in the range INR 8.6 to INR 9 lakhs over 5 years. For an
uninsured farmer, returns are lower in the range of INR 7.4 to INR. 7.9 lakhs (Figure 4-10). This makes
sense since insurance provides some cushion in case of crop failure.
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Figure 4-10: Simulation Results for Andhra Pradesh at A2 Cost Methodology 2025
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Mean net wealth post all borrowing repayments after five years is higher for insured farmers at INR 71.2
lakhs than uninsured farmers at INR 60 lakhs. Figure (B) and (C) show how insurance shifts the density
curve to the left for net wealth and return on equity partially protecting the farmers from adverse negative
shocks.

The interpretation of these results is straightforward. Even for farmers who are not insured in Andhra
Pradesh which is almost the universal case, profits can be sustained post disease shocks. This can be
through accumulated equity from previous successful cycles or informal borrowing. Over time the
incurred losses are distributed over 10 cycles enabling a farmer to sustain the enterprise. No farmer in our
simulation for Andhra Pradesh exits the business. The prospects can be relatively tougher for farmers who
are new to the practice and face crop failures in their initial years. All the above calculations are at A2 cost
methodology. See Annex for results at C2 cost methodology.

Haryanasimulation results

Our objective with this simulation exercise is to assess sustainability of returns over a 5-year period
adjusting for crop failures. While Andhra Pradesh farmers have adjusted to this probability over time,
Haryana farmers are new to this shrimp farm economics. As mentioned earlier, Haryana farmers are doing
single cycle a year. In our simulation we change for this specification keeping all else same as Andhra
Pradesh. So, in Haryana, one farmer does 5 cycles in the 5-year period and faces one shock randomly in any
one of the 5 years. The costs and prices distributions adjusted to reflect ground reality in Haryana.
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Figure 4-11: Simulation Results for Haryana at A2 Cost Methodology 2025
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The mean annual net returns for insured farmers are in the range of INR 2.4 to INR 3 lakhs for each year over
5 years. For uninsured farmers the fall is significant, INR 0.60 to INR 3.2 lakhs (Figure 4-11). The mean net
wealth post borrowing repayments are negative for some farmers. Insurance helps cushion some of the
losses but only partially. Mean return on equity falls to negative especially in case of uninsured farmers.

To understand what's happening in Haryana, the primary factor is high variable costs. A shock wipes out a
single cycle's working capital plus over that the next cycle's working capital is also high. So, when a farmer
faces ashock, he loses ~INR10-15 lakhs of working capital (uninsured case) and then he needs another INR
15 lakhs for the next cycle to sustain the business and recover losses. The returns from a next 'successful’
cycle may not be enough to recover loss or accumulate wealth, hence he depends on borrowing. 19 percent
ofthe farmers exit the business in our simulations over the five-year period.

Discussion

There are three important points to understand in the simulation results. First, high variable costs which we
discussed above. Second, number of cycles in a year. Andhra Pradesh farmers have 10 cycles to learn,
optimise and recover losses although they face two shocks. Haryana farmers depend on single cycle a year,
however interests need to be paid annually on borrowings. Third, the year in which a farmer faces shock.
For Haryana farmers, a shock in the first or even second year is disastrous. He now has losses plus
requirement of borrowings to continue the practice. While farmers who face losses in later years have
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accumulated some surplus to sustain the losses and minimal borrowing can sail them through. In our
simulation, a farmer who faces shock in the first year has a 0.68 probability of exiting the business over the
five years while a farmer who faces shock in the fifth year has a 0.02 probability of exit. Our discussions
with farmers who started practice after 2020-21 in Haryana corroborate this. Some farmers faced two
consecutive shocks, one in 2022-23 due to price volatility and the next due to growth failure. These farmers
have either reduced area under cultivation or have exited the business. However, our simulation is bounded
by the shrimp size targeted. We only simulate assuming farmers target larger sizes which is true in case for
Haryana but not for all of Andhra Pradesh. In Andhra Pradesh, some shocks are absorbed through
harvesting smaller shrimps and making moderate profits while some disease shocks still wipe out the entire
crop. Farmers have come up with their own risk minimising practices like weekly PCR tests, water tests,
partial harvesting, etc., which Haryana farmers are not practicing at large. Risk identifying and minimising
strategies are key to minimising losses from production shocks and recovering costs which Haryana
farmers are in the process of learning.

Case study III: The Successful Journey of Sumitra Devi in Sirsa, Haryana

Sumitra Devi lives in Karamsena village in Sirsa district, Haryana.
This area is near the Rajasthan border. She comes from a family that
traditionally cultivated paddy. She and her husband previously
operated a packing house in the city, but the business was
discontinued during the COVID-19 pandemic. After selling the unit,
they returned to their village. Like many returning migrants, they
initially explored local agriculture options such as jowar and bajra.
However, rising soil salinity made paddy farming unviable. Sumitra
and her husband identified shrimp farming as an innovative
alternative, leveraging both social networks and government
support.

Farm-Business Initiation and Financial Structuring

In 2021, Sumitra Devi began her shrimp farming business with just
two ponds over 2 acres of land. She benefitted from the PMMSY,
which provided a 60 percent subsidy for women. She invested INR 14 lakhs in capital expenses like
pond excavation, feed storage units, aerators, and water infrastructure, of which INR 8.35 lakh was
subsidized under PMMSY. Operating costs of INR 6 lakh per hectare were financed through personal
savings and informal loans of INR 2-3 lakh at zero interest from relatives. The business model enabled
regular returns-since harvest begins as early as 60 days into the 90-120 days crop cycle-making the
model financially viable.

In the first year, the farm yielded 25 counts, 40 grams shrimp at INR 500 per kilogram, generating INR
12-13 lakh profit. This surplus was reinvested, expanding operations from two acres to five acres in
2022-23. Despite a 40 percent market price drop during that period, she managed to break even and
continue growing. By 2023-24, her shrimp farm scaled to 15 ponds spanning 15 acres, becoming a
model of inland saline aquaculture success in the district.

Production Model and Technological Adoption

Sumitra Devi cultivates L. Vannamei with a stocking density of 25-30 PL per square meter and a
survival rate of about 70 percent, producing 3.5-4 tonnes per acre. Shrimp is sold at INR 380 per
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kilogram to buyers from Andhra Pradesh, Odisha, and Gujarat. Her linkages are strengthened through
digital platforms and intermediaries. With NABARD's support, she installed IoT-based automatic
feeders to enhance feed efficiency. In 2023, she collaborated with Vijayawada MO company and
Eruca under NABARD and Gol schemes to install tech infrastructure across two acres. The result:
savings of INR 20,000 per acre on feed and 15 percent in labour costs. Number of labourers required
reduced from 7-8 people to 3 with higher operational efficiency.

She also ensures BMPs by close supervision of the crop. Her close crop monitoring from a self-built
watchtower helps her minimize disease and stress. During the 2022-23 global shrimp price crash and
also yield loss impacted many farmers in the region, her yields remained normal due to better risk
management. As she puts it "Price is not in our hand but we try to keep the yield high to avoid losses".

Social and Institutional Dimensions

Asawoman in a predominantly vegetarian and male-dominated rural society, Sumitra Devi initially
faced resistance from family and the community. However, when they started making profits from
the business, the scenario has altered. Today, she is also part of FPO and has close social network
which helps for technical knowledge dissemination. FPO membership gives Sumitra access to
quality inputs and shared knowledge. She sources seeds from Pondicherry and Gujarat which is
critical due to the absence of hatcheries in Sirsa. Group procurement for feed and veterinary services
helps reduce operational constraints.

Challenges and Risk Management

Input costs remain a significant challenge because the farmer relies on distant hatcheries for seed
purchases. This reliance increases transportation and logistical expenses. Additionally, the lack of
local processing unit limits opportunities for adding value and reduces her ability to earn higher
profits along the value chain.

Despite these challenges, the farmer has consistently maintained a high survival rate, above 80
percent, due to her careful crop management practices. These practices include frequent water
quality testing, strict biosecurity measures, and close supervision throughout the production cycle.
Her input linkages are sustained through a trusted relationship with Sheng Long Bio-Tech (Haid),
which supplies feed and seed on credit when required. This relationship-based financing model
allows her operational flexibility, especially when upfront capital is limited.

Importantly, the short cultivation cycle of shrimp, usually 3 to 4 months, allows her to repay credit
promptly after harvest. This makes aquaculture a more financially viable option compared to
traditional crops that take longer to grow, at least 6 months or more with post-harvest operations.
This quicker turnaround improved the cash flow of her business. Overall, this case shows how good
management practices, along with technological adaption, can help small-scale shrimp farmers
remainresilient.

Impact and Scalability

Today, approximately 115 acres in Karamsena are under shrimp cultivation. Sumitra Devi's shrimp
farm growth-from two ponds and two acres in 2021 to fifteen ponds over 15 acres by 2025-
demonstrates the transformative potential of aquaculture. Her venture has created at least four direct
jobs and 10 indirect ones throughout these years. Her achievements have been recognized by
NABARD and Haryana's government. Her journey illustrates how saline land constraints can be
overcome with innovation, government support, and strong social networks. Her story provides a
scalable model for rural livelihood transformation through inland aquaculture.

Source: Authors field visit
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Case study I'V: Risk and Vulnerability in Inland Shrimp Farming
The Case of Kuldeep Singh, Sirsa, Haryana

Kuldeep Singh, a small farmer from Badhaguda block in Sirsa,
Haryana, began inland shrimp farming in 2020. He switched from
growing cotton and wheat. He started with a mixed production
model of polyculture with carp and shrimp. Encouraged by early
returns of INR 10 lakhs in the first year, he rapidly expanded
operations by leasing 12 acres at INR 50,000 per acre leased lands.
However, the subsequent production cycle in 2022 was complete
failure due to poor yield, high mortality (<10 percent survival), and
smaller shrimp sizes-culminating in losses of INR 30 lakhs. The
situation worsened due to a lack of early warning systems, no formal
technical advice, and limited lab test services availed by the farmer.

Facing serious cash constraints, Kuldeep borrowed INR 30 lakhs %
from HDFC Bank. The loan came with an annual interest rate of 11.2 8
percent for five years and was guaranteed by family members. The
loan helped him keep production going, but he did not make significant changes to his management
practices or risk-reduction strategies. In 2022, he invested the loan amount in the business and again
faced price glut as that was the year when global shrimp price dropped and also yield was low among
many farmers in the region.

By 2023, he had to stop shrimp farming because of increasing debt of about INR 60 lakhs and
operational pressure. Even after restarting in 2024 with a INR 15 lakh investment, shrimp farming
continued to be unstable. Indian Major Carps (IMC) farming became the steadier, though modest,
income source, with net returns of INR 1.13 lakh per hectare per cycle.

Kuldeep's story is a clear example of risky expansion without necessary support and technical know-
how. His approach relied on high stocking densities, and longer culture duration aimed at producing
30-count shrimp. This method requires strong biosecurity, and dependable feed management, and
access to processing facilities, which were not available locally in Haryana. The key concern is the
lack of awareness regarding the causes of crop failures.

Source: Authors field visit

Key Insights

= Vulnerability through scaling up without support: The rapid growth, encouraged by early success, was
not based on BMPs. This made the model vulnerable to bio-physical challenges.

= Debt-financed risk exposure: While formal financing helped meet short-term needs, it did not support
long-term sustainability, especially in a high-mortality environment.

= Lack of technical support: The absence of institutional guidance, lab access, and diagnostic help led to
repeated production failures.
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=  Income diversification as a buffer, not a fix: IMC polyculture offered some risk management, but
earnings were not enough to pay off the debt from shrimp farming.

= Need for policy and infrastructure changes: This case highlights the need for local hatcheries, feed mills,
and processing centres, lab testing facilities along with better understanding of risks and institutional
support.

Kuldeep's journey reflects the vulnerability of shrimp farming in new areas like Haryana, where ecological
potential—salinity-affected lands—does not yet match the available support. It highlights the urgent need
for appropriate financial tools, extension services, and risk-sharing systems to help the inland aquaculture
model grow sustainably. Triangulating both quantitative and qualitative data, the next section identifies the
gaps and risk-finance challenges in shrimp culture in the district.

4.7. Gaps and Risk-Finance Challenges in Shrimp Aquaculture: The Case of
Sirsa, Haryana

Shrimp aquaculture in Sirsa represents a new expansion of the coastal shrimp industry into inland saline
areas. While the model is technically viable and potentially profitable, its growth faces significant
structural gaps across the value chain. These gaps, along with weak institutional support and financial
issues, lead to high-risk exposure and limit growth. These biological risks can be due to pond
contamination, management malpractices or unsuitable environment for growth. So, shrimp farmers have
to monitor the shrimps at each step of the culture cycle which may not necessarily be the case in crop
production. Higher risk and high costs make the microeconomics of shrimp farming more challenging.
This section highlights the major gaps which can be targeted through policy interventions for value-chain.

1. Feed Logistics, Dealer Dependency, and Credit Risk

Shrimp cultivation is characterized by a high input-dependency cost structure, with feed emerging as the
most significant component of variable costs—constituting approximately 50 percent of total variable
expenditure. This is followed by electricity (12 percent) and a combined 12 percent attributed to potash and
probiotics, essential for maintaining optimal water and soil conditions. Seed costs account for another 13
percent, underscoring the capital-intensive nature of initiating each crop cycle. Shrimp farming in Haryana
has much higher production costs because of logistical challenges and value-chain gaps (Figure 4-12).
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Farmers need to transport feed, seed, and harvested shrimp over a round-trip distance of about 4,500
kilometers to and from Andhra Pradesh, the main hub for aquaculture inputs and processing in the country.
This dependence adds around INR 20 to INR 30 per kilogram to production costs, making it harder to
compete with farmers based in Andhra. This input-intensive model, while offering high returns under optimal
management, also poses challenges related to input price volatility, nutrient balance, and regional soil and
water constraints. Addressing these through localized feed production, balanced nutrient management, and
energy-efficient technologies could enhance cost-efficiency and sustainability in shrimp farming systems.
About 70 percent of the feed is sourced from outside the state, with only one operational feed mill in Haryana.
Long-distance logistics raise costs and cause delays. Farmers often depend on local dealers for inputs on
credit. Although this informal financing model addresses short-term cash flow needs, it creates hidden interest
costs, builds dependency, and increases repayment risks in case of crop failure. Credit issues are particularly
severe in Sirsa, where most shrimp farmers are smallholders with limited collateral. The lack of formal
aquaculture finance from banks or non-banking financial companies (NBFCs) exposes the system to high
non-institutional credit risks, increasing financial vulnerability.

2. Fragmented Backward Integration and Supply Chain Risks

Sirsa has no in-state hatchery infrastructure, creating complete dependence on imported PL from coastal
states like Andhra Pradesh, Tamil Nadu, Odisha, and West Bengal. Transporting PLs to Delhi increases costs
and risks quality degradation due to long-distance logistics. Farmers have limited control over quality
assurance. The lack of local genetic standardization or certified specific pathogen-free (SPF) lines adds
biological risks. From a business perspective, this highlights supply chain weaknesses and a lack of backward
integration. Higher procurement costs and mortality losses raise working capital needs and reduce return on
investment (ROI).

3. Inadequate Processing Infrastructure

The lack of local processing units worsens delays and operational inefficiencies. Shrimp farmers in Haryana
rely entirely on processing facilities in Andhra Pradesh. This leads to delays in supply chain management and
less freshness in the final product. Although one processing unit has been suggested for the district, the
existing infrastructure is minimal, with only three cold storage facilities, each having a capacity of just 50
tonnes. Sirsa or nearby districts lack local processing units. Harvested shrimp must be sent to coastal states
such as Andhra Pradesh, Tamil Nadu, or Gujarat, leading to high logistics costs, post-harvest delays, and
quality degradation (in terms of size and freshness). Farmers have little bargaining power, and price
realizations depend on fluctuating export market trends and processing plant gate prices. The lack of market
connections, buy-back contracts or assured procurement mechanisms increases price risks and cash-flow
instability. Without integration into end markets, farmers cannot advance in the value chain and remain stuck
atthe basic production level.

4. Technical Knowledge Gaps

Many shrimp farmers in Haryana have moved from traditional crop farming and do not have enough technical
knowledge to run aquaculture effectively. Our case studies show that a limited understanding of disease
identification and prevention and water quality management has led to higher mortality rates. Specifically,
farmers mentioned that they lack information about the causes of shrimp diseases, resulting in delayed
responses and financial losses. Unlike established clusters, Sirsa does not have a strong aquaculture service
ecosystem. Technical knowledge is shared through dealers or a few experienced farmers, leading to
inconsistent adoption of best management practices (BMPs). This raises operational risks related to stocking
density, feed schedules, pond management, and disease control. Without structured knowledge sharing or
bundled advisory services, the value proposition of shrimp farming remains unstable, especially for first-
generation farmers.
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5. Livelihood vulnerability

= Price risk: Shrimp farming has a range of risk and uncertainties impacting the returns from farming
(Joftre, Poortvliet, & Klerkx, 2018). One of the factors is global price dynamics which is dependent on
the supply from the major producing countries, feed cost, change in trade policies. As shrimp value-
chain is globally integrated fluctuations in global shrimp prices impact profitability. In 2022, farmers in
Haryana faced market glut due to higher supply from Ecuador.

= Biological Risk is high due to poor-quality seed, disease outbreaks (WSSV, EMS), and inadequate
biosecurity measures. Even though the seed price is doubled in Haryana at INR 0.65/PL compared to
0.35/PL in Andhra Pradesh, the biological risk is high. One of the reasons is lack of availability of PCR
test of sample in Haryana before stocking the grow out ponds. Second is the higher stocking density
which decreases the survival rates (Sharma, Chanu, & Muralidhar, 2024). Bacterial infections from
Vibrio species (e.g., V. Parahaemolyticus, V. Harveyi) cause symptoms like red discoloration, necrosis,
and slow growth, loose shells, white guts due to problems in management practices or poor-quality
seeds. Enterocytozoon Hepatopenaei (EHP) is another major disease, which is a microsporidian
parasite affecting the hepatopancreas, leading to slow growth, white faeces, and reduced feed efficiency
rather than mass mortality. EHP is a growing concern in India, with a 17 percent probability of
occurrence and losses of 1.80 tons/ha/crop. In Haryana, where shrimp are harvested after 110-120 days,
EHP could significantly lower yields (e.g., from 1.5 tons/ha to below 1 ton/ha), impacting profitability.

While shrimp farming in Sirsa has significant profit potential, it suffers from a fragile business model
characterized by missing value-chain elements, underfunding, and high-risk exposure. Addressing these gaps
with targeted investments and institutional support is vital for realizing the region's inland aquaculture
potential.

4.8. Environmental Considerations in Haryana

The first and primary consideration is of groundwater extraction. According to the National Compilation on
Dynamic Ground Water Resources of India (2024) report prepared by Central Ground Water Board (CGWB),
the total current annual groundwater extraction is 12.72 billion cubic metres (bcm) and annual extractable
ground water resource is 9.36 bcm, i.e., stage of ground water extraction stands at 135.96 percent. Out of the
total worthy recharge area in the state, 66.7 percent is classified as either over exploited or critical. But these
statistics are for dynamic fresh groundwater resources which are annually replenishable.

Shrimp farming requires saline waters with salinity ranging from 5-25 ppt. According to the report on Aquifer
Mapping and Management Plan of Sirsa district in Haryana (2017), the in-storage saline ground water
resources up to fresh-saline interface' is estimated at 1.78 bem while below fresh-saline interface, the saline
water resources are estimated to be 26.3 bem up to 300 metre depth. The concern is then not of volume of
ground water utilised but its treatment after extraction.

Expansion of shrimp culture requires environmental regulations especially regarding saline water drainage
and seepage to adjacent crop fields. Haryana needs to learn from the 1998-2006 case of Kolleru Lake in
Andhra Pradesh where saline water aquaculture led to high salinity in adjacent soils triggering Supreme
Court's intervention (CSE, n.d.). Some scientific studies are needed to determine the extent of saline water
seepage from shrimp ponds to the ground water table and policy should incentivize farmers to adopt poly
lining techniques to minimise these seepages. Regulation should be put in place regarding treatment of used
saline water before drainage.

' The zone of contact between freshwater (e.g., rain-fed recharge) and saline water (e.g., seawater, deep mineralized water)
in underground aquifers.
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Scaling up the Model of Inland Shrimp v
Aquaculture: Policy Framework y ¥

This chapter looks at the gaps in the shrimp value chain in Haryana. It covers everything from hatchery access
and feed supply to processing and market connections. It also compares these issues to Andhra Pradesh,
which produces nearly 80 percent of India's farmed shrimp and has created an efficient aquaculture system.
The growth trajectory of aquaculture in any national context is closely linked to five key policy domains:
strategic public investment in the sector, support for research and innovation, regulatory frameworks
governing trade and exports, value-chain development, and environmental and social governance
mechanisms (adapted from Naylor, Fang, & Fanzo, 2023). Evidence suggests that Andhra Pradesh has
fostered a well-integrated aquaculture value chain, marked by coordinated production, processing, and
marketing systems. This integration not only enhances price realization at the farm-gate but also creates a
stable environment for investment planning and risk management. In contrast, the aquaculture ecosystem in
Haryana is in an emergent phase, where progress is heavily dependent on state interventions, informal
knowledge sharing among farmers, and a higher degree of vulnerability to market and production risks. The
analysis aims to guide policy changes that can improve connections within Haryana's aquaculture sector. It
encourages farmer involvement through cooperatives and FPOs. It also suggests using technology and
partnerships between public and private sectors to create a stronger and more scalable inland aquaculture
value chain.

The Case for Technological Intervention to Increase Number of Crop Cycles in Haryana

In contrast to the coastal aquaculture-intensive regions like Andhra Pradesh, where climatic conditions
permit two or even three shrimp crop cycles per year, Haryana's inland shrimp farming faces a fundamental
biological limitation:temperature-induced seasonal constraints. The winter months in Haryana are too cold
for shrimp survival and growth, resulting in a natural ceiling of one shrimp crop per year in traditional pond
systems. However, two crop cycles can be conducted within 7-8 months during which temperature is viable
for shrimp farming (Ansal & Singh, 2025). Technological interventions like the adoption of nursery bio-floc
systems offers a potential pathway to overcome this challenge. By introducing PL 9-12 into a bio-secure
nursery environment for a period of 20-25 days before transferring them to grow-out ponds, farmers can
reduce the overall culture duration in the ponds and create room for a second cycle. This method shortens the
interval between two crop cycles and ensures healthier seed with better survival rates due to controlled
conditions. Moreover, during the transition from nursery to grow-out ponds, pre-transfer water quality and
disease screening tests can be conducted to mitigate risks (Figure 5-1).

While the adoption of nursery systems involves additional fixed investments-such as construction of lined
tanks, aeration infrastructure, and additional labour-it reduces risk, optimizes pond usage, and enhances
biosecurity. Such systems are already in use in parts of Haryana and are showing promise for replicating
Andhra Pradesh's two-cycle model under inland constraints. If adapted, this approach can transform the
biological limitations of inland shrimp farming into an opportunity for intensification and income
augmentation. The key lies in building capacity, offering financial incentives for nursery infrastructure, and
fostering technical training for farmers to effectively manage the bio-floc environment.
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Figure 5-1: Crop Management Calendar of Shrimp Farming with Nursery Bio-floc
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in grow-out in nursery in grow-out
ponds bio-floc ponds
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— capital for procuring
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Source: : Conceptualised by authors based on stakeholder consultations

Potential of Inland Hatcheries and Cost Reduction

Hatchery operations in India are located along the coastal areas, especially in Andhra Pradesh, where
natural seawater is easily available for maintaining brood stock and hatching larvae. These activities are
overseen by the Coastal Aquaculture Authority (CAA). Many hatcheries in this region are supplying seeds
to inland states like Haryana which includes a long-distance transport of PL. This reliance raises seed costs
due to transport and handling fees. An estimated INR 1,20,000 per hectare is the additional seed cost
incurred due to the 30 paisa increase per PL in Haryana compared to AP ata stocking density of 40 PL/m?.

L. Vannamei is a euryhaline species that can tolerate various salinities. Therefore, acclimatization can be
done at the hatchery stage. Recent research by the Central Institute of Fisheries Education (CIFE) in Rohtak
shows that inland groundwater with high salinity referred to as Inland Saline Water (ISW) can be used for
hatchery operations. When treated properly, ISW from Haryana can match diluted seawater in salinity and
ionic composition. One main challenge with Haryana's inland saline groundwater is its ionic imbalance,
with high calcium and magnesium levels and very low potassium concentrations. However, water
treatment techniques, such as multi-stage filtration and using zeolites (sodium-aluminium-orthosilicate),
have effectively reduced calcium concentrations to acceptable levels. To adjust the magnesium-to-calcium
ratio (ideally about 2.5:1), magnesium chloride is added after reducing calcium. Similarly, potassium
chloride (KCl) is added toraise potassium levels, creating a better environment for larval development.
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These ionic changes have resulted in encouraging biological outcomes. In experimental hatcheries using
amended inland saline water, shrimp larvae survival rates were over 40 percent, and larval production
reached hundreds of thousands of PL. These results highlight the potential for developing inland hatcheries
in areas like Haryana. This development could lower logistics costs, improve access to timely seed supply,
and promote long-term sustainability in inland shrimp farming. Decentralizing hatchery infrastructure
with proper regulatory oversight and investments in technical skills could be key to creating a diversified
and cost-effective aquaculture system in India.

Table 5.1 Water Chemistry in Natural Coastal Sea Water and ISW of Haryana

Coastal Seawater (Diluted) Raw Sa?;;;g;ﬁ:;l LIS Aén::ud:gvf;l::e
Magnesium 339.9 mg/L 616.0 mg/L 275-304 mg/L
Calcium 123.7 mg/L 440.0 mg/L 148-160 mg/L
Potassium 124.0 mg/L 10.9 mg/L 118 mg/L

Source: Allan et al., 2009

Strengthening Local Feed Ecosystems for Cost-Effective Shrimp Aquaculture in Haryana

Feed represents the largest portion of the cost in shrimp aquaculture, making up about 50 percent of the total
production cost in Haryana. Feed conversion efficiency plays a pivotal role in determining overall
profitability. With a typical Feed Conversion Ratio (FCR) ranging from 1:1 to 1:2, about 6.5 tonnes of feed
are required to yield 7 tonnes of shrimp. Feed prices in the state are around 27 percent higher than in Andhra
Pradesh, India's main aquaculture area. This difference is due to the high logistical costs of transporting
feed over long distances. As a result, this affects the competitiveness of shrimp farming in Haryana,
particularly for small-scale farmers who work with tight margins. Research in aquaculture highlights the
need to produce feed locally. This can improve resource use, cut costs, and ensure that feed is available on
time. In Sirsa, which is the centre of shrimp farming in Haryana, the need for local feed infrastructure is
urgent. With about 3.28 lakh PL/ha stocking density and an average FCR of 1.15, the 678 hectares currently
used for shrimp farming would need around 11,310 tonnes of feed each year. If we consider the district's
production trend, the linear forecast shows that shrimp production will attain 10,026 tonnes by 2030, and
the feed demand will likely grow significantly, reaching 11,229 tonnes at the district level. At state level the
figure is around 35,000 tonnes demand of shrimp feed by 2030. Despite this rising demand, Haryana does
not have dedicated shrimp feed mills. On the other hand, Andhra Pradesh has set up a network of small feed
mills with capacities between 50,000 and 100,000 MT, as well as very small mills with capacities under
50,000 MT, to meet local needs. Creating similar feed mills in Haryana by expanding established
companies like Avanti Feeds, CP Group, or Devi Sea Foods, or by attracting new investments could lower
input costs and increase profits for shrimp farmers.

Feed production can take advantage of existing poultry feed mills, as there is overlap in the types of raw
materials used. Key ingredients in shrimp feed, such as soymeal (40.9 percent), wheat flour (30.9 percent)
is also standard in poultry feed. This presents opportunities for feed mills to diversify or be modified to
produce aquaculture-specific feed. Technological change in feed application can lead to more efficiency.

Shrimp Farming in Hatyana: g
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Traditional manual broadcasting often causes overfeeding or underfeeding, which increases feed wastage
and mortality rates. Evidence from Sirsa shows that farmers who use loT-enabled automatic feeders are
seeing considerable benefits. They experience better feed efficiency, reduced labour and electricity costs
due to less frequent water exchange, and an increase in profitability from INR 7.31 lakh/ha to INR 7.94
lakh/ha. These innovations should be encouraged through targeted subsidies, demonstration projects, and
uberisation of these technologies through FPOs.

Strengthening the Shrimp Value Chain in Haryana: Access to processing units

Despite the rapid expansion of inland shrimp aquaculture in Haryana, particularly in the Sirsa cluster, the
absence of a local shrimp processing unit remains a significant bottleneck to value addition, farmer
profitability, and export competitiveness. At present, shrimp farmers are heavily reliant on distant
processing facilities in Andhra Pradesh, incurring substantial transportation costs and post-harvest risks.
The establishment of a processing unit-equipped with modern technology such as Individual Quick
Freezing (IQF)-is not merely an infrastructural need but a strategic intervention essential for the sector's
long-term viability. In Southeast Asia and China, the demand is lower and medium sized (50-80 counts), if
there is access to processing unit, farmers can diversify their shrimp counts and engage in partial harvesting
to secure livelihood.

A shrimp processing plant with a capacity of 50 to 60 tonnes per day needs at least 8,800 tonnes of raw
material each year to stay financially viable. This assumes it operates for 22 days each month over 8
months. In 2023, Haryana's total shrimp production reached 8,162 tonnes (according to the Statistical
Abstract, Haryana). This suggests that the state is close to the level needed to support such a facility. Sirsa
alone has over 678 hectares for shrimp farming, with an average production of 6.5 to 7 tonnes per hectare.
This contributes around 4,000 to 4,500 tonnes annually. As shrimp farming grows in nearby districts like
Fatehabad, Hisar, and Rohtak under the PMMSY cluster plan, total production is expected to exceed the
necessary level. This strengthens the case for creating a processing unit in the region to improve value
addition, lower post-harvest losses, and boost farmer returns.

The economic rationale is clear. Farmers in Haryana currently face a price differential of INR 30-50 per
kilogram for the same shrimp count when compared to their counterparts in Andhra Pradesh-largely due to
lack of processing and grading infrastructure. For instance, 30-count shrimp fetches INR 500-520/kg in
Andhra Pradesh, while Haryana farmers receive only INR 470-490/kg, despite achieving comparable
productivity levels of 7 tonnes per hectare. This translates to a loss of approximately INR 2.1 lakh per
hectare per cycle. By enabling on-site grading, partial harvesting, and value-added processing (e.g.,
freezing, ready-to-cook formats), a local plant could help farmers diversify shrimp sizes, stabilize prices,
and expand into mid-sized (50-80 count) segments with rising demand in Southeast Asia and China.

Beyond farmer income, a processing unit will unlock employment opportunities across the value chain-in
cold storage, logistics, packaging, and quality control-and create synergies with support infrastructure
such as feed mills, ice plants, and certification labs. Moreover, it will catalyse the development regional
value-chain aiding direct export linkages with ports like Mundra and Mumbai. With adequate backward
integration through cluster-based production and forward linkages to domestic and export markets, a local
processing unit is the missing link that can transform Haryana from a production hub to a value-added
shrimp export powerhouse.

Risk management

Shrimp farming is a risky business and farmers management choice impacts the livelihood outcome
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(Joffre, Poortvliet, & Klerkx, 2018) (Figure 5-2). With only one crop cycle each year and a tendency for
crop failures every five years, many farmers struggle to make shrimp farming a reliable source of income.
Our simulated projections indicate that average net profits and net asset growth from shrimp farming in
Haryana decline over time. This is especially true if challenges such as disease outbreaks or crop losses are
not addressed through better practices. However, our fieldwork highlights some positive stories. Some
farmers have run profitable operations consistently for five years and have managed to grow their
businesses. The key factor for their success is their strictadherence to BMPs.

Figure 5-2: Farmers' Risk Perception and Management Strategies

4 N\ 4 N\ 4 N\
Lack of knowledge and F h - Years of experience
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. J \ J . J
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Source: Adopted from Lien, de Mey, Bush, & Meuwissen, 2021 and modified

These BMPs include maintaining bio-secure environments, limiting stocking density to below 40 PL/m?,
diverse count of shrimp production through partial harvest, and optimizing feed use via automated feeders
(Figure 5.3). Moreover, awareness and timely disease identification, PCR testing of seed, proper feed
storage to avoid contamination, systematic pond preparation, and complete water exchange before the next
cycle have proven to significantly reduce crop mortality and input losses. On the other hand, many farmers
still see shrimp farming as a risky venture, leading to either large profits or heavy losses. This perception
reinforces the current volatility in Haryana's shrimp sector. To move toward a more stable and profitable
model, it is crucial to promote BMPs, provide support for processing access, and offer technical assistance.
This approach is important to shield small farmers from risks that threaten their livelihoods and to build
long-term stability in the inland aquaculture economy.
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Figure 5-3: Framework of BMPs of Shrimp Aquaculture to Reduce Risk
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Solar Energy for Reducing Electricity Costs in Inland Aquaculture

Electricity costs represent a significant burden in inland shrimp aquaculture, particularly for energy-intensive
components like aeration. Comparative data from case studies indicate that farmers in Haryana incur electricity
rates of INR 4.65-INR 5 per unit, even after FPO-negotiated concessions. In contrast, coastal aquaculture zones
in Andhra Pradesh benefit from heavily subsidized rates of INR 1.25 per unit—offering a substantial
competitive edge in operational efficiency. This cost asymmetry underscores the urgent need for energy
transition in inland aquaculture, where aerators alone account for over 55 percent of total electricity expenses,
with power usage reaching 7.46 kW and cycle-wise costs estimated at INR 71,616. The total electricity cost per
crop cycle in Haryana stands at around INR 1.3 lakh, severely impacting profitability.
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A sustainable solution lies in the adoption of solar-powered aeration systems, which can significantly reduce
recurring costs while ensuring energy security. The investment in a 10-kW solar grid system—estimated at INR
6.5 lakh—becomes more attractive when combined with a 60 percent government subsidy, reducing the

Total electricity cost: INR 1,30,000
Power usage: 7.46 kW

Aerators' electricity cost (16 hrs/day @ INR 5/unit for
30 days): INR 17,904

Aerators' electricity cost per crop cycle: INR 71,616
Share of aerators in total electricity cost: 55%

Solar Investment

10 kW solar grid system: INR 6,50,000

Government subsidy (~60%): INR 3,90,000

P @@ @E & P HO

Farmer's own investment: INR 2,60,000

=l
—B

Estimated payback period: 2-3 years

farmer's contribution to INR 2.6 lakh. With an estimated payback period of 2—3 years, solar adoption can lead to
long-term cost savings and environmental co-benefits. International best practices, such as the aqua voltaic
systems in the Philippines, demonstrate the feasibility of integrating photovoltaic panels directly on aquaculture
ponds. This approach maximizes land-use efficiency, reduces water evaporation, and supports climate-smart
farming by generating renewable energy on-site. Such innovations can be tailored for Indian conditions with
appropriate R&D support and incentives.

Sirsa's shrimp cluster model can demonstrate how targeted public investment, combined with natural
endowments and scientific management, private players investment can transform salinity affected lands
into hubs of economic activity. If replicated with appropriate policy support and technical guidance, this
model holds potential not only for diversifying farm incomes in saline-prone regions but also for
contributing to national goals of rural development, export growth, and sustainable aquaculture under
India's Blue Economy strategy.
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Table 5.2 Shrimp Value Chain Policy Intervention Matrix for Haryana

Intervention Points

Policy Recommendations

Opportunity Pillars

Develop inland hatcheries using

R&D to treat ISW.
Promote backward

Hatchery treated Inland Saline Water (ISW). . . th hatcheri
Mandatory PCR testing of seed =l NI ISR
suitable for ISW
2
= Establish local feed mills Local feed plant
E Feed (50K—100K MT). Precision aquaculture
= Use of automatic feeder or feed Fortified feeds to address K
= trays than manual broadcasting deficiency
Subsidize solar-powered aerators Lower unit cost
Electricity Pilot aquavoltaics in Haryana Renewable integration
shrimp tanks through aquavoltaics
iIrI;%rii)ve access to institutional Entrepreneur model
Credit . Expand KCC access
Legalize leasehold land as . .
Micro-finance lending
collateral
Bundle crop insurance with credit Risk assessment in the
Insurance Pilot traceable GIS-linked shrimp busi
usiness
zones
Promote forward contracts Mark_et mformatmn systems
. . . L Grading and size-based
Price Risk Set up shrimp price discovery Keti
latform marketing .
p Proximity to Delhi
Promote BMPs (biosecurity, Sparse ponds, higher bio-
stocking density, aeration, feed, security
Production Risk physical barriers/nets, checking Lack of contamination due to
consumption pattern of shrimp) use of ISW compared to
Provide lab and diagnostic support brackish water
% Waste treatment Map salinity-prone zones for Aquaculture zoning
g aquaculture Environmental safeguards
§ Control saline water intrusion: Use Waste to wealth land mission
= of poly-lining to control seepage in the state
é Salinity Monitor waste and treatment
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CHAPTER-5

Intervention Points

Policy Recommendations

Status

Opportunity Pillars

=

£

§ Establish modern shrimp Export via Gujarat ports

M Processin processing unit in Sirsa Export demand of value-

% & Enable IQF, packaging, and export added products

> certification Cluster-based procurement
W Shrimp FPC/ FPOs Formation of FPC to include more One functioning FPO, with
= small farmers to reduce potential for scale-up

> : : -up.
2 information asymmetry Subsidized electricity cost

= Improve bargaining power, and 40% subsidy on proiect cost
=) P .| enhance access to inputs and Y on proj

=8 Value-chain integration and 60% for women and SCs

markets

= PMMSY - Fixed Incentivizg: adoption of sustainable Working capital and fixed

=8 Capital technologies such as loT-enabled . !

= . capital subsidy

= production systems, solar powered . ) .

e ) tion. bi : 4 Solar installation subsidy for
=8 PMMSY - Working aeration, bio-secure nurseries, an FnEinS

Sl Canital improved pond infrastructure with .

on Capita Iv-linine f hanci Scope for value chain

z poly-lining for enhancing development under PMMSY
= .| productivity and environmental similar to AP

8 PMMSY - Value Chain | .odilience.
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ANNEXURE

Al: Data Sources

Data ‘ Source ‘ Comments
Major farmed shrimp varieties taken
according to ASFIS classifications.
There are multiple classification of
species group and species within each
World Aquagulture FishStat] (FAO) group. For all farmed shrimps we
Production

aggregate 11 varieties by aquaculture as

source. Aggregated number verified
through country official reported
numbers. Whiteleg shrimps data

categorised separately in the dataset.

Trade data has been triangulated and
sourced from multiple databases. For
India, MPEDA is the source available till
2024-25. FishStatJ data is till 2023. ITC

. Trade Map used for value of shrimp
Trade Data MPEDA, ITC Trade Map, FishStat]J trade, available till 2024, Wherever
multiple HSC have been summed, they
include 030617, 160521 and 160529 for
shrimps. For overall seafood exports, 03
and 16 have been aggregated.

World Bank Pink Sheet for input prices

International Prices and FRED Economic Data for shrimp

Monthly and annual average prices

prices globally
Handbook on Fisheries Statistics 2018 The dgta on state—Wlse domestlc
and 2023, Andhra Pradesh Statistical production and area 1s not C.OnSIS.ten.t
Domestic Production and | Abstract 2023, AP Agricultural Statistics ECZZ?:SSZEZC:ZI?S;L ?:f:;sﬁi Zg:g;l};;lz
Area at a Glance 2023-24, Haryana Statistical P L ;
. . have primarily followed Handbook on
Abstract 2023-24, Fisheries Departments Fisheries Statistics. MoFAHD for
in respective districts, MPEDA website .
production data.
Wit St B From field interviews and AP The dashboard provides daily count-

e-Matsyakar dashboard wise shrimp market prices
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A2: Simulation Results for Andhra Pradesh at C2 Cost Methodology
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A3: Simulation Results for Haryana at C2 Cost Methodology
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