


Fish Production Constraints and Consumption Patterns in Semi-Arid Rajasthan, India: Evidence from Bundi and Tonk Districts


ABSTRACT 
The present study examines fish production constraints and consumption patterns in the Bundi and Tonk districts of Rajasthan, India. Structured questionnaires were used to identify key factors influencing fish consumption behaviour and to assess the major barriers limiting aquaculture productivity in the region. A simple random sampling without replacement technique was employed to collect data from eighty fish consumers in retail markets to analyse consumer behaviour, while sixty fish farmers were interviewed to identify the principal constraints affecting the fish production. Descriptive statistics were used to analyse consumer profiles, preferences, purchase frequency, and consumption behaviour. The Henry Garrett Ranking Technique was applied to rank the constraints faced by fish farmers. The findings revealed that fish market visits were predominantly made by men (88.75%), with the highest participation observed in the 35–45 age group. Rohu emerged as the most preferred fish species overall (40%); however, consumer preferences varied across income groups. Lower-income consumers showed a greater preference for cut fish, whereas higher-income consumers preferred whole fish. The constraint analysis indicated that quality seed availability was the most critical production constraint (Rank I; mean score = 66.53), followed by lack of marketing viability (Rank II; mean score = 61.08) and inadequate skilled labour (Rank III; mean score = 52.93). Other significant constraints included inadequate infrastructure, disease outbreaks, limited awareness of government schemes, and technological gaps.
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INTRODUCTION 
Fish farming is becoming an important economic and nutritional goal to address India's expanding population and food security concerns. This industry provides a socially and scientifically sound substitute to satisfy the nation's growing dietary needs because of its high protein content (18–21%) and the depletion of agricultural land (FAO, 2020). Globally, the demand for aquatic foods continues to rise, with per-capita consumption increasing from 9.1 kg in 1961 to about 20.7 kg in 2022, reflecting changing dietary patterns, population growth, and increasing awareness of fish as a healthy protein source (FAO, 2024). India is one of the leading fish-producing countries in the world, with total fish production reaching about 197.75 lakh tonnes in 2024–25, showing substantial growth compared to earlier decades (DoF, 2025). Fish consumption in India has also been increasing steadily, with average per-capita fish consumption estimated at around 6.31 kg annually, though it remains below the global average (Panemangalore, 2024). Rajasthan, the largest state in India, constitutes 10.4% of the nation’s total geographical area and supports 5.67% of the total population (Ujjania, 2025, Singh, 2025).. The state is a growing fish producer; in 2024-2025, it produced 1,01,108 metric tons inland fish and 1450 million fry (Ujjania, 2025). Despite the high prevalence of fish consumption in India (72.1%), states such as Rajasthan exhibit markedly lower consumption levels, with only 22.5% of the population consuming fish (Wardel, 2024), which is corroborated by a very low per capita intake of 0.06 kg (DOF, 2022). Rajasthan’s considerable potential for aquaculture expansion, the sector continues to face numerous constraints that limit its productivity and level of modernization. In the state, systematic investigations into the constraints affecting efficient fish farming and analyses of fish consumer behaviour remain limited, with particularly scarce evidence for the selected districts. The present study addresses this gap by examining fish consumer behaviour and identifying the key constraints hindering aquaculture production in the selected districts of Rajasthan.
METHODOLOGY
A comprehensive study of consumer behaviour and fish production constraints were conducted in Bundi and Tonk districts of Rajasthan, India. Field data were collected over a six-month period, from March to September 2025. Separate structured questionnaires were administered to examine consumer behaviour and the constraints faced by farmers. Data were collected from eighty fish consumers in retail markets using a simple random sampling without replacement technique during their market visits to assess consumer behaviour. Simple statistical tools like frequency, percentage and mean were used to analyse consumer profile (age, family size, sex, education and income) including the nature of consumer’s interest and buying behaviour (Mugaonkar et al., 2011). To identify the key obstacles hindering effective fish production of the area, three blocks were selected from each district, with ten farmers selected from each of three blocks, resulting sixty fish farmers who were interviewed. From Tonk district, Deoli, Newai, and Todaraisinghpura community development blocks were selected, while in Bundi district, Nainwan, Bundi, and Hindoli community development blocks were choosen for the study. Garrett’s ranking technique, developed by Henry Garrett (1969) and later described by Garrett and Woodworth (1971), was employed to identify and prioritize the constraints hindering effective aquaculture production in the study area. Percentage position = 100 (Rij - 0.5) / Nj
Where, Rij= Rank given for ith factor by jth  respondents and Nj = Number of factors ranked by jth respondents.

RESULTS AND DISCUSSION 
Study of fish consumer behaviour
The analysis of consumer behaviour in the selected fish markets showed, socioeconomic factors have a substantial impact on purchasing decisions. A significant gender disparity exists, with men accounting for 88.75% of market visits, showing a pattern of low female participation consistent with statistics from regions such as West Bengal (Molla et al., 2025). The core consumer base is predominantly middle-aged, with the 35-45 age group (39%) being the most prevalent, and the majority (61%) belonging to a household of four or five people. Buyers in Tonk and Bundi had a high educational profile, with 42.50% being high school graduates and 37.50% had university degrees with 7.50% found illiterate.
To analyze the income-consumption relationship, the respondents were categorized into three income groups based on their annual income: low-income group (less than Rs. 0.65 lakhs/annum), medium-income group (Rs. 0.65-1.4 lakhs/annum), and high-income group (more than Rs. 1.4 lakhs/annum). A perusal of Table 1 indicates that 48.75% of the respondents were in the medium-income group, followed by the high-income group (35%) and the low-income group (16.25%). Most of the fish consumers preferred locally produced fresh fish, while the remaining expressed a preference for imported fish from other states like Uttar Pradesh and Gujarat.
The analysis of consumers’ preference towards different fish species, presented in Table 2, reveals that Labeo rohita (rohu) was the most preferred overall (40%), followed by Labeo catla (catla) (26.25%), Cirrhinus mrigala (11.25%), exotic carps (8.75%), and Pangasius pangasius (13.75%). When examined by income group, rohu remained the top choice, highly preferred by the medium-income group (41.02%) and the high-income group (39.28%), with the low-income group also showing a significant preference (38.76%). Conversely, Pangasius pangasius was most preferred by the low-income group (23.07%), followed by the medium-income group (15.38%), and then the high-income group (7.16%). This data indicates that consumers’ preference for different species varies with their income, suggesting that higher income groups tend to prefer higher-priced fish and vice-versa.
The frequency of fish purchased per visit by respondents, estimated based on income groups and family size, are presented in Table 3. A perusal of the table reveals that the frequency of visits appears to be less influenced by the annual income of the fish consumers. For instance, 33.33% of medium-income consumers reported visiting the market thrice a week, while 28.22% of the same group visited twice a week. Similarly, 15.40% of low-income consumers also visited the market thrice a week. Regarding family size, the majority (41.66%) of small-sized families (2–3 members) visited the market twice a week. This pattern was also prominent among the medium-sized families (4–5 members), where 30.63% visited twice a week, and the large-sized families (> 5 members), with 36.84% visiting twice a week.
The purchasing behaviour of consumers, analyzed based on income group and family size, is presented in Table 4. It was observed that consumption was positively influenced by the purchasing power of the consumer. Specifically, the majority of the low-income group preferred cut fish (61.53%), while the high-income group primarily preferred whole fish (60.71%), a preference also shared by the medium-income group (53.84%). Table 4 also reveals the relationship between family size and purchasing behaviour: small families primarily preferred cut fish, whereas large family consumers purchased whole fish.
Identification of constraints hindering efficient fish farming
To evaluate the severity of challenges within the aquaculture sector, seven distinct constraints were identified and prioritized using the Henry Garrett Ranking Technique. 
The quality and timely delivery of seed stock are universally recognized as the paramount input for successful freshwater aquaculture, this challenge was amplified as a critical constraint in Bundi and Tonk districts of Rajasthan with first rank and mean score 66.53.  Currently, only around 40% of the state's seed needs are met by its own supply, whereas 60% of the seed is imported from other states like Uttar Pradesh, Gujrat and West Bengal (Yadav et al. 2020). Severe lack of established, high-capacity hatcheries in the state directly results inadequate supply of quality seed, thereby creating a major production impediment. Same findings were highlighted in Bharatpur district of Rajasthan by Bunkar (2017) and also in Thanjavur (Tamil Nadu), Mirzapur (Uttar Pradesh) and Kabirdham district Chhattisgarh by Vignesh et al. (2017); Pandey and Dewan (2006) and Vishwakarma et al. (2017) respectively. Furthermore, Singh (2017) quantified this challenge in Bilaspur, Chhattisgarh, identifying seed unavailability as a major production impediment.
Marketing-related factors constitute a critical bottleneck for aquaculture enterprises, identified in this study as a rank-II constraint with a mean score of 61.08. This systemic challenge encompasses restricted market access, high price volatility, and the absence of organized trade structures, alongside significant deficiencies in processing and value-addition capabilities. These results are corroborated by Bunkar (2017) in Rajasthan, who noted that inaccessible marketing facilities (Rank-XIII, RBQ score 38.54) hinder distribution, and Rehman et al. (2013), who identified inadequate cold chain and storage infrastructure as a primary barrier in West Bengal (Rank-VI, mean score 24.87). Furthermore, Pardeep (2013) reinforces this trend, reporting that poor market facilities represent the foremost impediment to aquaculture in Maharashtra’s western Vidarbha region (Rank-I, mean score 93.80).
A major barrier to the modernization and growth of aquaculture businesses is the lack of technically skilled labor, which this study assessed as a rank-III limitation with a mean score of 52.93. This critical deficit in a specialized workforce suggests that even where capital or technology is accessible, successful implementation is hindered by insufficient human expertise. These findings are supported by Bunkar (2017), who identified the non-availability of skilled labour as a notable constraint in Bharatpur, Rajasthan (Rank IX, mean score 41.02). Furthermore, research by Vignesh et al. (2017) in the Thanjavur district of Tamil Nadu reinforces this regional trend, categorizing the lack of skilled personnel as one of the primary operational challenge (Rank V, mean score 64.19). 
The identification of the technology gap and technological deficit was identified as a rank-IV constraint with mean score 47.87 underscores a significant disconnect between scientific advancements and field-level adoption within Rajasthan’s aquaculture sector. This disparity includes both the technology gap, which refers to the difference between potential yield and actual traditional production, and the technological deficit, which refers to the lack of irrigation facilities and water-quality diagnostic tools. These results align with Ujjania et al. (2025), who similarly identified significant knowledge gaps (low technical expertise, poor disease diagnosis, and inadequate farmer support) of Rajasthan. Additionally, Saha et al. (2014), confirmed the absence of location-specific technology as a barrier, ranking it eighth in their study of Tripura. 
The analysis identifies the unawareness of government schemes as a rank five constraint with mean score 45.98, with in Bundi and Tonk districts. This finding suggests a significant "extension gap," where even well-funded initiatives such as the Pradhan Mantri Matsya Sampada Yojana (PMMSY) or state-level subsidies fail to reach the intended beneficiaries due to informational barriers. These results are consistent with Yewale et al. (2024), who documented poor coordination with government departments as a primary impediment in the Konkan region of Maharashtra (Rank VI, mean score 60.83).
Disease outbreaks represent a persistent biological threat to aquaculture stability in Rajasthan, identified in this study as a rank sixth constraint with mean score 43.22. These findings are consistent with Pongener and Sharma (2018) and Singh (2017), whose found disease infestation was the major barrier to output in Nagaland's Dhimpur district and Chhattisgarh's Bilaspur district, with mean scores of 82.50 and 89.33, respectively. Additionally, Sonmoina et al. (2022) confirmed the significant influence of pathological issues by identifying disease as the primary production obstacle in Assam (Rank-IV, mean score 57.96). Dutta et al. (2022) found that the severity of epidemics in Nagaon, Assam, is increased by a lack of comprehensive health monitoring and diagnostic infrastructure. 
The productivity, profitability, and overall market competitiveness of local fish farmers are severely constrained by inadequate infrastructure (Rank-VII) with mean score 40.13. The paramount challenge identified is water scarcity, particularly pronounced during the summer months. Other significant operational hurdles include the high cost of electricity, a deficient transportation network and limited access to funding through insufficient financial institutions. These results are consistent with Sonmoina et al. (2023), who identified infrastructural limitations as a primary impediment for farmers in Assam (Rank-II, mean score 63.27). Furthermore, research by Niangti et al. (2015) in South Tripura corroborates these findings, also classifying infrastructure deficits as a second-rank constraint.

CONCLUSION 
This study focuses on the important issues and consumption patterns influencing the aquaculture industry in Rajasthan's Bundi and Tonk districts. The results highlight a significant gender gap in market participation, with few women buying fish, and show that family size and income levels have a significant impact on consumer preferences. The steady demand for locally produced fresh fish, suggests a stable retail market for local production to expand. However, there are substantial operational and systemic obstacles that limit the growth potential. A multifaceted approach is necessary to develop a competitive aquaculture industry in these semi-arid areas. It is important to prioritize by establishing regional fish hatcheries and quality control systems which will strengthen the seed production and supply networks. creating structured market connections to lower price volatility and increase farmers' access, improving extension services and technical training to close knowledge gaps etc. By resolving these restrictions in a comprehensive manner, stakeholders can exploit the aquaculture potential thereby contributing to food security, nutritional improvement, and long-term economic development in Rajasthan.
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Table 1: Socio-economic profile of the fish consumer’s
	Parameter
	Particulars

	Age group
	<25
	25-35
	35-45
	>45

	Frequency Share(%)
	21.25%
	27.50%
	39%
	12.25%



	Gender
	Male
	Female
	-
	-

	Frequency Share(%)
	88.75%
	11.25%
	-
	-



	Family size
	2-3 Members
	4-5 Members
	> 5 Members
	-

	Frequency Share(%)
	15.00%
	61.00%
	24.00%
	-



	Education
	Illitrate
	8-10th pass
	12th pass
	Graduate or more

	Frequency Share(%)
	7.50%
	12.50%
	42.50%
	37.50%



	Annual income
	Low (<0.75 Lakh)
	Medium (0.75-1.5 Lakh)
	High (> 1.5 Lakh)
	-

	Frequency Share(%)
	16.25%
	48.75%
	35.00%
	-




	Species
	Most preferred %
	Low (<0.75 Lakhs) %
	Medium (0.75-1.50 Lakhs) %
	High (>1.5 Lakhs) %

	Labeo rohita
	40
	38.76
	41.02
	39.28

	Labeo catla
	26.25
	23.07
	28.23
	25

	Cirrhinus mrigala
	11.25
	15.10
	10.25
	10.71

	Exotic carp
	8.75
	
	5.12
	17.85

	Pangasius hypothalmus
	13.75
	23.07
	15.38
	7.16


Table 2: Consumer’s preference different species of fishes(n=80)
	
	Annual income
	Family size

	Particulars
	Low (<0.75 Lakhs) %
	Medium (0.75-1.5 Lakhs) %
	High (>1.5 Lakhs) %
	2-3 Members%
	4-5 Members%
	>5 Members%

	Frequency of visit (no.)

	Daily
	15.38
	20.51
	32.15
	25.00
	24.48
	26.31

	Once a week
	38.46
	17.94
	14.28
	16.66
	16.32
	15.78

	Twice a week
	30.76
	28.22
	25.00
	41.66
	30.63
	36.84

	Thrice a week
	15.40
	33.33
	28.57
	22.22
	28.57
	21.07



Table 3: Frequency of purchase(n=80)








Table 4: Purchasing behaviour of consumer(n=80) 

	
	Annual income
	Family size

	Particulars
	Low
(<0.75   Lakh)%
	Medium
(0.75-1.5 Lakh)%
	High
(>1.5 Lakh)%
	2-3 Members%
	4-5 Members%
	>5 Members%

	Specific species
	23.09
	12.83
	14.29
	16.67
	18.37
	15.78

	Whole fish
	15.38
	53.84
	60.71
	50.00
	55.10
	63.15

	Cut fish
	61.53
	33.33
	25.00
	33.33
	26.53
	21.07



Table 5: Constraints faced by fish farmers in selected region, Rajasthan (n=60)

	Constraints
	Mean score
	Rank

	Quality of seed
	66.53
	I

	Lack of marketing viability
	61.08
	II

	Inadequate skilled labour
	52.93
	III

	Technology gap/knowledge Deficit
	47.87
	IV

	Unawareness of government schemes
	45.98
	V

	Disease problem
	43.22
	VI

	Lack of proper infrastructure
	40.13
	VII









