


Economic impact of disease outbreaks on Penaeus vannamei farming in Maharashtra, India

Abstract
India is one of the top five seafood exporters globally, with frozen shrimp representing a significant portion of its seafood exports. In Maharashtra, brackish water covers a considerable area, contributing to the region's overall shrimp production. Even though white-leg shrimp farming has been extremely successful, there are still numerous obstacles to overcome, such as diseases, which limit the sector’s ability to expand and cause huge economic losses. The present study was conducted in the state of Maharashtra with purposively selected districts Palghar and Raigad, to analyse the economic costs of shrimp disease. Primary and secondary data were used for this study, the primary data were collected from 60 shrimp farms through a pre-tested interview schedule and the secondary data were collected from previous studies and the Department of Fisheries, Maharashtra. The study revealed that the economic direct losses incurred by farmers per acre were ₹ 254612 and the economic loss concerning variable cost per crop per acre was ₹ 53940. The benefit-cost ratio for healthy and disease-affected farms was 1.22 and 1.02, respectively. This showed significant economic loss due to diseases. The economic impact of shrimp diseases in Indian shrimp farming highlights the need for immediate adoption of better management practices (BMP) and biosecurity measures as well as policy interventions to reduce the losses.
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1. Introduction
India ranks third globally in fisheries exports, following China and Indonesia. In 2021-22, the country exported 1.73 million metric tonnes (MMT) of marine products, valued at Rs. 63,969.14 crores (USD 8.09 billion), achieving a 26.73% annual growth rate in quantity—the highest export value recorded to date (Handbook of Fisheries Statistics, 2023). Indian marine products are exported to 123 countries, with the USA and China being the major importers. Key exports include frozen shrimps, which account for 53.18% of the total quantity and 75.11% of the total export value, alongside frozen fish, cuttlefish, and squid, contributing 6%, 3%, and 5% of the total export value, respectively, in 2021-22. Shrimp have become a vital component in global fisheries production and trade. In 2021, the global shrimp market was valued at USD 53.91 billion, with a projected compound annual growth rate (CAGR) of 5.3% from 2022 to 2030, as reported by Grand View Research (2023). Pacific White shrimp (Litopenaeus vannamei) was the leading species in 2021, capturing over 40% of the market share. The Food and Agriculture Organization (FAO, 2022) notes that this species accounts for 80% of all shrimp produced through aquaculture. 
Maharashtra has significant potential for shrimp farming, producing 4,552 metric tonnes in 2020-21, ranking sixth nationally (MPEDA, 2022). The state has around 52,001 ha of brackish water, which is well-suited for shrimp farming. Currently, only 11.38% is utilized, however, 88.17% is untapped (MPEDA, 2022; DoF Maharashtra, 2023). Pacific White shrimp farming is gaining popularity in Maharashtra as it is usually a fast-growing species with a high feed conversion rate, but the industry faces distinct challenges. Nakul et al. (2013) reported that the average production in Maharashtra stood at 1.14 metric tonnes per hectare, with input costs amounting to Rs. 2.31 lakh per hectare and average profits of Rs. 42,000 per acre. Solanke et al. (2013) further explored the marketing dynamics in Maharashtra, revealing that farmers received an average price of ₹361 per kilogram of shrimp, with the most efficient marketing channel providing them with a 62% share of the consumer rupee. However, challenges persist. Naik et al. (2020) identified high feed costs, unstable market prices, and environmental issues, such as natural disasters, as major obstacles faced by shrimp farmers in the South Konkan region. 
Viral, bacterial, and microsporidian infections remain a significant challenge for shrimp aquaculture across Asia (Thitamadee et al., 2016). The infectious diseases that significantly impact the shrimp farming industry include those caused by viruses, rickettsia, bacteria, fungi, protists, and metazoans (Lightner, 1988, 1993a, 1996; Johnson, 1995). Pathogens such as the WSSV remain one of the deadliest viral diseases, with the capacity to affect 100% mortality in infected shrimp populations in only 7-9 days (Rajendran et al., 1999). The EHP, which has recently gained attention, has been compared to the ones caused by WSSV during the 1990s and EMS in the 2010s (Walker and Mohan, 2009; Flegel, 2019). It is along with RMS, causing severe monetary losses to the shrimp cultivators. RMS typically begins around 35-40 days into the shrimp farming cycle and can intensify around 90 days, often requiring pre-mature harvests (Alavandi et al., 2019).
These disease outbreaks impose a high economic cost. At the national level, shrimp farming losses due to diseases are approximately $1.03 billion (Patil et al., 2021). Economic consequences affect not only the levels of production but also reduce the income of farmers due to increased costs associated with disease management, control, and cure. Small-scale farmers in regions like Andhra Pradesh have suffered severe economic impacts as their incomes declined by as much as 71% due to disease epidemics (Reddy et al., 2004). Diseases have had a profound impact on the sector, causing a national income loss of Rs. 1,022.1 crores and affecting 21.56 lakh man-days of employment (Kalaimani et al., 2013). Furthermore, the cost of disease control through biosecurity measures and drugs is a further strain on farms (Asche et al., 2020). Feed represents as much as 37.47% of production costs and receives additional strain because of reduced feeding efficiency due to disease outbreaks (Anushalini et al., 2016). Research on the economic consequences of shrimp diseases at the farm level remains limited, despite the clear impacts on productivity and profitability.
Various models have proven instrumental in quantifying the economic losses caused by infectious diseases in aquaculture. For instance, Wise et al. (2008) analysed Bolbophorus infections in catfish farming by integrating farm-level data to estimate potential financial losses and assess cost-effective prevention strategies. Similarly, Aunsmo et al. (2010) used a bioeconomic model to evaluate the economic impacts of pancreatic disease in Atlantic salmon, emphasising the importance of early detection and biosecurity measures to mitigate losses. Abolofia et al. (2017) applied a model to address sea lice infestations in salmon farming, highlighting the economic benefits of coordinated management strategies. Hernandez-Llamas et al. (2013, 2016) developed models to assess the White Spot Syndrome Virus (WSSV) in shrimp farming, demonstrating how mortality rates and disease spread lead to significant production losses. The present study endeavours to address this gap through a bioeconomic model using the model developed by Aunsmo et al. (2010) to study the financial impact of disease outbreaks at the level of a farm in Maharashtra. In this regard, the paper undertakes an estimation of the direct as well as indirect effects of diseases in terms of production losses, early harvesting, and extra management costs based on primary data gathered from shrimp farmers of Maharashtra. Understanding these financial losses is essential in the formulation of effective disease management strategies that will help to make shrimp farming financially viable in Maharashtra and perhaps promote the growth of the state's aquaculture sector.
3. Methodology
3.1. Source of data 
Maharashtra has 52,001 hectares of brackish water land suitable for shrimp farming, of which 10,400 hectares are considered ideal for cultivation. Currently, only 1,056 hectares have been developed for production (Naik et al., 2020). The coastal districts of Palghar, Thane, Raigad, Ratnagiri, and Sindhudurg are key contributors to the state's shrimp production. A multistage purposive sampling method was employed to select specific districts and shrimp farms for the study. In the first stage, the Palghar and Raigad districts were purposively chosen, as they contribute the highest to the shrimp production in Maharashtra. A structured interview survey was then conducted to assess disease-related losses in shrimp farms across Palghar (n = 30) and Raigad (n = 30). Through the survey, data were gathered on the farmers' social profiles, farm management practices, disease impacts, and economic aspects of shrimp farming.
Table 1: Basic information on farming, disease management and cost parameters
	S.no
	Particulars 
	Details 

	1
	Social aspect
	Educational profile, years of experience, ownership pattern

	2
	Farm management
	Location, number and area of ponds, duration of culture, size at harvest, production, employment, stocking density, feeding rate etc

	3
	Disease aspects
	Prevalence, clinical signs and symptoms, diagnosis, medicines/chemicals, growth promoters, technical consultation etc. 

	4
	Economic aspects
	Cost of pond preparation, seed, feed, power, aeration, health management, labour, technical consultation, farm gate price, etc. 



3.2. Category of farms
The production data for healthy farms were collected from disease-free farms situated in both districts. Farms impacted by White Spot Syndrome Virus (WSSV), White Faeces Syndrome (WFS), Black Gill Disease, Loose Shell Syndrome, and White Muscle Disease were categorized as disease-affected farms. 
3.3. Cost of production
The production parameters and farm-gate price of shrimp collected from each district in 2024 were incorporated into the model. The production cost included expenses related to pond preparation, seed, feed, labour, consultation, health management, power, and disease-related costs, all expressed as per-acre shrimp production. 
Production costs in shrimp farming consist of both fixed and variable costs. Fixed costs (TFC) remain constant regardless of production levels and include expenses for leased land, pond construction, equipment like boats and aerators, as well as depreciation, interest on fixed capital, and maintenance. 
Variable costs (TVC), which change with production levels, cover seed, feed, fertilizers, and labour, including family labour and interest in working capital. Depreciation is calculated using the straight-line method. Yield refers to shrimp output per unit area, while gross income is calculated as the product of shrimp quantity (Q) and price (P).
Net returns were calculated as the difference between gross returns (biomass harvested * farm gate price) and production costs. Lost profit (LP) for disease-affected farms was estimated by comparing the net returns of affected farms with those of healthy farms.
The B: C ratio was used to determine the business's viability. It computes the ratio of benefits to expenditures incurred in the firm. It is expressed as: 

3.4. Direct Cost of Diseases
An economic model was developed to estimate the direct costs of disease in shrimp farms of Maharashtra, covering biological loss, prevention costs, treatment costs, and extraordinary costs. This stochastic model, originally developed for pancreatic disease in salmon (Huirne and Dijkhuizen, 1997; Bennett, 2003; Aunsmo et al., 2010), was adapted for commercial shrimp operations. The model included components such as Biological Loss (BL), Treatment Cost (TC), Extraordinary Cost (EC), and Prevention Cost (PC). The cost of biological loss was calculated by comparing the biomass harvested between EHP-affected and healthy shrimp farms. Treatment costs included expenses for chemicals, nutritional supplements, and other healthcare products used to manage the disease. Extraordinary costs accounted for labour hired for treatment and disease management, while prevention costs involved pond preparation and consultation fees. The total direct cost (DC) due to EHP was calculated using the following formula:

Economic loss in shrimp farming due to disease outbreaks can be evaluated by looking at the direct and variable costs. These costs highlight the financial impact that diseases have on farm operations, offering important insights into the economic viability of shrimp farms affected by disease compared to healthy farms. 
Economic loss based on direct costs: 
The comparison of direct costs between disease-affected farms and healthy farms underscores the financial strain imposed by disease outbreaks. Direct costs encompass biological losses, prevention measures, treatment expenses, and extraordinary costs related to managing shrimp diseases. To determine the economic loss attributed to disease, the direct costs incurred by disease-affected farms are deducted from those of healthy farms. The formula is as follows: 
 
This difference illustrates the extra expenses that disease-affected farms must incur due to disease outbreaks, including the costs associated with treatment and prevention. These expenses can be significant and may greatly influence the overall profitability of shrimp farms, as diseases directly impact shrimp survival, growth, and yield. 
Economic Loss Based on Variable Costs:
Beyond direct costs, variable costs are also essential in assessing the economic loss resulting from diseases. Variable costs include expenses such as feed, seed, labour, and medicine, which vary based on farm conditions and disease management strategies. To compute the economic loss per acre based on variable costs, the following formula is applied: 

By analyzing the variable costs between disease-affected and healthy farms, we can identify the additional financial burden imposed by disease outbreaks.
4. RESULTS AND DISCUSSION
4.1. The social profile of farmers 
Table 2 presents the socio-economic characteristics and farm status of shrimp farmers in Palghar and Raigad districts.
Table 2:Socio-economic and farm characteristics of shrimp farmers in Palghar and Raigad districts (n=60)
	Category
	Sub-category
	Palghar (%)
	Raigad (%)

	Education level
	Secondary
	43.33
	26.67

	
	Higher Secondary
	10.00
	20.00

	
	Graduate
	33.33
	40.00

	
	Post Graduate
	13.33
	13.33

	Farming experience (years)
	1–5
	6.67
	3.33

	
	5–10
	26.67
	10.00

	
	10–15
	30.00
	43.33

	
	15–20
	16.67
	16.67

	
	>20
	20.00
	26.67

	Ownership pattern
	Own
	46.67
	30.00

	
	Leased
	53.33
	70.00

	Farm health status
	Healthy farms
	66.67
	63.33

	
	Disease-affected farms
	33.33
	36.67



The educational profile indicates that Palghar has a higher concentration of farmers with secondary education, while Raigad shows relatively higher representation at higher educational levels, particularly among graduates. In terms of farming experience, Palghar had a higher proportion of farmers in the 1–5 years category (6.67%) compared to Raigad (3.33%). Raigad showed greater representation in the 5–10 years and 10–15 years categories, accounting for 10% and 43.33%, respectively. Both districts exhibited similar proportions in the 15–20 years category (16.67%), while Raigad slightly dominated the >20 years category. The ownership pattern revealed that a higher percentage of farmers in Palghar (46.67%) owned their farms compared to Raigad (30%), whereas leased farms were more common in Raigad (70%) than in Palghar (53.33%). With respect to farm health status, about 66.67% of shrimp farms in Palghar and 63.33% in Raigad were reported to be healthy, while disease-affected farms accounted for 33.33% and 36.67%, respectively, indicating a similar level of disease prevalence in both districts.
Table 3:Major diseases reported in shrimp farms (n=60)
	Sl. No.
	Disease
	Prevalence (%)

	1
	White Spot Syndrome Virus (WSSV)
	43

	2
	White Faeces Syndrome (WFS)
	29

	3
	Black Gill Disease
	14

	4
	Loose Shell Syndrome
	9

	5
	White Muscle Disease
	5



Table 3 shows the major diseases reported in shrimp farms. The most prevalent diseases were White Spot Syndrome Virus (WSSV) and White Faeces Syndrome (WFS), with occurrence rates of 43% and 29%, respectively. Other commonly reported diseases included Black Gill Disease, Loose Shell Syndrome, and White Muscle Disease.
The educational status of shrimp farmers plays an important role in the adoption of improved aquaculture technologies and management practices. In the present study, Palghar had a higher proportion of farmers with secondary education, whereas Raigad showed relatively higher representation of graduates. Higher educational attainment generally improves farmers’ capacity to understand and adopt scientific farming practices. Similar findings were reported by Lekshmi et al. (2005), who observed that the educational level of shrimp farmers significantly influenced the adoption of improved shrimp culture technologies. Likewise, Kumar (2020) reported that farmers with higher educational qualifications were more likely to adopt modern aquaculture practices.
Experience in shrimp farming is another key factor influencing farm management and productivity. The results indicated that Raigad farmers had relatively more experience, particularly in the 5–15-year category, compared to Palghar. Farmers with greater experience are generally better equipped to manage production risks and adopt improved practices. A techno-economic study on shrimp farming in Tamil Nadu also reported that most shrimp farmers possessed moderate experience (5–10 years), which positively influenced farm performance (Durai et al., 2025).
Farm ownership patterns observed in the present study showed that Palghar had more owned farms, while Raigad had a higher proportion of leased farms. Farm ownership often encourages farmers to make long-term investments in infrastructure and management practices, whereas leased farms may focus on short-term profitability. Similar observations regarding the influence of ownership on management decisions were reported by Lekshmi et al. (2005).
The health status of farms in both districts was largely similar, with around two-thirds of farms reported as healthy and one-third affected by disease. Similar findings have been reported in studies on shrimp aquaculture systems, where around one-third of farms experienced disease-related problems during production cycles (Abeykoon et al., 2025). Disease outbreaks remain a major constraint in shrimp aquaculture. Among the diseases observed, White Spot Syndrome Virus (WSSV) and White Faeces Syndrome (WFS) were the most prevalent. WSSV is widely recognized as one of the most destructive viral diseases in shrimp farming and has caused severe economic losses in many shrimp-producing countries (Lightner, 2011). Other diseases, such as Black Gill Disease, Loose Shell Syndrome, and White Muscle Disease, are also commonly reported and are often associated with environmental stress and poor water quality in shrimp farming systems.
4.2. Cost return analysis of disease-affected and healthy farms 
The Initial Investment pattern on Fixed Capital of Healthy and disease-affected farms showed that the fixed capital investment patterns for shrimp farms indicate that disease-affected farms have a lower total initial investment per acre (₹330,000) compared to healthy farms (₹405,000). Disease-affected farms allocate a higher percentage of their investment to pump sets (19.69%) and aerators (30.30%) than healthy farms, which invest 18.51% and 24.69%, respectively. Conversely, healthy farms allocate a larger share of their investment towards pond construction (13.58%) and bird fencing/miscellaneous items (24.69%) compared to disease-affected farms, which spend 15.15% and 12.12%, respectively. These differences suggest a shift in resource allocation toward disease management in affected farms.
Table 4:Fixed capital investment patterns for disease-affected farms and healthy farm ponds (n=60)
	Initial Investment
	healthy farm / acre (₹) (n=39)
	Share (%)
	disease Affected farm/ acre (₹) (n=21)
	Share (%)

	Pond construction
	55000
	13.58
	50000
	15.15

	Pump set
	75000
	18.51
	65000
	19.69

	Aerator 4 numbers @ Rs. 25000/aerator
	100000
	24.69
	100000
	30.30

	Diesel generator 10 Hp (one)
	75000
	18.51
	75000
	22.72

	Bird fencing and Miscellaneous
	100000
	24.69
	40000
	12.12

	Total Initial Investment
	405000
	
	330000
	



The variable cost analysis shows that disease-affected farms incur a slightly lower total variable cost per acre (₹575,087.5) compared to healthy farms (₹629,027.6). Both types of farms allocate a similar proportion of their variable costs to feed, accounting for the largest share at 54.57% in healthy farms and 53.6% in disease-affected farms. Disease-affected farms, however, spend more on seed (15.4%) and medicine (3.4%) compared to healthy farms (13.19% and 1.57%, respectively). Healthy farms allocate a higher percentage to probiotics (6.16%) and labour (7.74%) than disease-affected farms. The overall cost distribution reflects higher disease management expenses in affected farms.
Table 5:Variable cost pattern of disease-affected Pond and healthy farm (n=60)
	Variable cost
	Healthy farm /Acre (₹) (n=39)
	Share (%)
	Disease Affected farm/ Acre (₹) (n=21)
	Share (%)

	Seed
	82991
	13.19
	88777.5
	15.4

	Power
	32934
	5.23
	33055.3
	5.7

	Hired Labour
	48736.5
	7.74
	41232.2
	7.2

	Feed
	343297.5
	54.57
	308045.5
	53.6

	Probiotic
	38725.5
	6.16
	18666.3
	3.2

	Chemical
	24353.5
	3.88
	20732.5
	3.6

	Extraordinary Cost
	1495
	0.24
	2479
	0.4

	Medicine
	9900
	1.57
	19500
	3.4

	Total Variable Capital
	582433
	92.59
	532488.4
	92.6

	Interest rate on variable cost (8%)
	46594.6
	7.40
	42599.07
	7.4

	Total Variable Cost (A)
	629027.6
	
	575087.5
	



The fixed cost analysis reveals that disease-affected farms have a lower total fixed cost per crop (₹65,537.5) compared to healthy farms (₹81,080.55). Lease expenses constitute the largest share of fixed costs, accounting for 52.01% in disease-affected farms and 50.26% in healthy farms. While depreciation costs are similar for both groups (23.27% for healthy and 23.26% for affected farms), healthy farms spend more on repairs and maintenance (6.17%) than disease-affected farms (4.19%). Overall, the total annual fixed cost is lower in disease-affected farms (₹131,075) compared to healthy farms (₹162,161), contributing to the reduced total cost per crop in affected farms.
	Fixed Cost
	healthy farm / acre (₹) (n=39)
	Share (%)
	disease affected farm/ acre (₹) (n=21)
	Share (%)

	Lease amount
	81511.1
	50.26
	68175
	52.01

	Repairing and maintenance
	10000
	6.17
	5500
	4.19

	Depreciation on fixed cost
	37750
	23.27
	30500
	23.26

	Trade tax/ CAA registration fees/insurance
	500
	0.30
	500
	0.38

	Interest rate on initial investment @8%
	32400
	19.99
	26400
	20.14

	Total fixed cost per annum
	162161.1
	
	131075
	

	Fixed Cost per crop(B)
	81080.55
	
	65537.5
	

	Total Cost (A+B)
	710108
	
	640625
	


 Table 6:Fixed cost investment pattern disease-affected pond and healthy farms
The economic performance comparison between healthy and disease-affected shrimp farms shows a significant difference. Healthy farms have a higher total cost per acre (₹710,108.19) compared to disease-affected farms (₹640,625), but they also achieve greater production. As a result, healthy farms generate higher gross revenue (₹871,950 per acre) than disease-affected farms (₹656,903). Net income is substantially higher in healthy farms (₹161,841.81) compared to disease-affected farms (₹16,278.02). The benefit-cost (B-C) ratio reflects this disparity, with healthy farms achieving a B-C ratio of 1.22, while disease-affected farms barely break even at 1.02. 
Table 7:Benefit-cost analysis of healthy farms and disease-affected farms
	
	healthy farms / Acre (₹)
	disease affected farms/ Acre (₹)

	Total Cost (A+B)
	710108.19
	640624.97

	Production per acre (kg)
	2442
	2025

	Gross revenue per acre
	871950
	656903

	Net income
	161841.81
	16278.02

	B-C ratio
	1.22
	1.02



4.3. Total direct loss estimation: 
The direct cost of the disease includes biological loss, cost of treatment, extraordinary cost and cost incurred on account of prevention. A substantial loss is incurred by shrimp farms infected with the disease, including reduced average harvest weight and expenses on treatment. The economic loss in direct Cost was estimated to be approximately ₹ 2.54 lakh/acre, and the economic loss (Considering variable cost) due to disease was estimated to be ₹53940/acre.

Table 8:Economic loss per acre due to diseases in disease-affected shrimp farms
	Cost components
	healthy farm/acre (₹)
	disease-affected farm/ acre (₹)

	Biological loss
	850426.5
	630078.8

	Prevention cost (PC)
	63079
	39398.8

	Extraordinary Cost (EC)
	2479
	1495

	Treatment cost (TC)
	19500
	9900

	Direct cost (DC)
	935484.5
	680872.6

	Economic loss (Considering direct cost)
	
	254612

	Variable cost
	629027.6
	575087.5

	Economic loss (Considering variable cost)
	
	53940.17



The diseases impact the production, supply, prices of shrimp, and the economic viability of the sector (Patil et al., 2021). Economic performance metrics reveal great differences between healthy and disease-affected farms in both districts. Healthy farms incur a higher total cost per acre (₹710,108.19) than disease-affected farms (₹640,624.97). However, healthy farms achieve greater production levels (2442 kg versus 2025 kg), resulting in significantly higher gross revenues (₹871,950 per acre for healthy farms compared to ₹656,903 for diseased farms). This demonstrates the critical impact of farm health on economic viability.
The cost–return analysis clearly indicates that disease occurrence significantly influences the economic performance of shrimp farms. The fixed capital investment pattern showed that healthy farms had higher initial investment per acre (₹405,000) compared to disease-affected farms (₹330,000). Higher investment in infrastructure such as pond construction, fencing and other farm facilities in healthy farms suggests better farm management and biosecurity measures. Previous studies have also reported that investment in proper farm infrastructure and management practices helps in reducing disease incidence and improving farm productivity (Neiland et al., 2001). Similarly, Lekshmi et al. (2005) reported that farmers who invested more in farm infrastructure and management facilities were more likely to achieve better production performance in shrimp farming.
The variable cost structure revealed that feed accounted for the largest share of operational costs in both healthy and disease-affected farms, contributing more than 50% of the total variable cost. This finding is consistent with earlier studies, which reported that feed constitutes the major operational cost component in shrimp aquaculture systems (Joffre & Bosma, 2009; Engle, 2010). Disease-affected farms showed relatively higher expenditure on seed and medicines, reflecting the increased need for disease treatment and management. In contrast, healthy farms spent more on probiotics and labour, which may indicate the adoption of preventive management practices to maintain better pond health.
The fixed cost analysis also showed that lease expenses constituted the largest share of fixed costs in both categories of farms. Similar cost structures have been observed in shrimp farming studies conducted in India and other Asian countries, where land lease and depreciation of infrastructure account for a significant portion of fixed costs (Neiland et al., 2001). The lower fixed cost observed in disease-affected farms may be due to lower levels of investment in farm infrastructure and maintenance activities.
The net income differential is striking, with healthy farms generating ₹161,842, while disease-affected farms report a mere ₹16,278. The benefit–cost analysis clearly demonstrates the economic advantages of maintaining healthy shrimp farms. Although healthy farms incurred slightly higher production costs, they achieved significantly higher production levels and gross returns compared to disease-affected farms. The B-C ratio of healthy farms (1.22) indicates profitable shrimp farming operations, whereas disease-affected farms recorded a ratio close to the break-even point (1.02). Similar observations were reported by Joffre and Bosma (2009), who noted that disease outbreaks substantially reduce farm profitability by lowering production while increasing disease management costs.
The estimation of economic losses further highlights the serious financial impact of disease outbreaks in shrimp farming. The study estimated an economic loss of about ₹53,940 per acre due to disease incidence. Disease outbreaks in shrimp aquaculture have been widely documented as a major constraint affecting farm productivity and profitability worldwide. Patil et al. (2021) also reported that shrimp diseases significantly affect production, market supply and farmer income. Likewise, Geetha et al. (2022) observed that disease outbreaks can cause substantial economic losses in shrimp farming through reduced survival rate, lower harvest weight and increased expenditure on treatment and preventive measures.
Overall, the findings emphasise that disease management and preventive practices play a crucial role in improving the economic viability of shrimp farming. Investment in better farm management practices, biosecurity measures and disease monitoring systems can significantly reduce economic losses and enhance farm profitability.
Conclusion
[bookmark: _GoBack]The study's findings highlight the significant economic disparity between healthy and diseased shrimp farms, emphasising the financial burden that diseases impose on aquaculture operations. Despite higher overall costs, healthier farms achieve greater production levels than their diseased counterparts, which have a benefit-cost ratio of just 1.02, in contrast to 1.22 for healthy farms. This underscores the importance of effective disease management and prevention to maintain profitable farming, as diseases lead to an estimated economic loss of ₹53,940 per acre. The reduction in total investment on affected farms, along with the reallocated efforts towards disease management, reflects the economic impact of shrimp diseases. These results align with previous research and reinforce the need to improve farm health to boost productivity and reduce economic losses. Consequently, the economic sustainability of shrimp aquaculture in areas like Palghar and Raigad will rely on efficient management of disease outbreaks, alongside enhanced preventive measures, treatment protocols, and better culture practices. Future research should continue to explore effective strategies for disease prevention and management, ultimately contributing to the resilience and profitability of shrimp culture in the region. 
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