Integrated Advances in Breeding, Nutrition and Culture Practices of Indian Major Carps for Sustainable Aquaculture
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Abstract
Indian Major Carps Catla catla, Labeo rohita and Cirrhinus mrigala constitute the foundation of freshwater aquaculture in India and significantly contribute to fish production in Telangana. This review synthesizes current knowledge on taxonomy, biology, broodstock management, induced breeding, seed rearing, nutrition, pond preparation and health management to provide an integrated understanding of IMC culture systems. Advances in broodstock nutrition, genetic management and hormone based spawning (Ovaprim, Ovatide, GnRH analogues) have improved seed quality and hatchery reliability. Enhanced nursery and grow-out practices, including optimized fertilization regimes, zooplankton production and species specific stocking densities, support high fry survival and fingerling growth. Nutritional developments particularly balanced pelleted feeds rich in essential amino acids, PUFA, vitamins and minerals have markedly increased growth performance and feed efficiency. Water quality regulation, through liming, aeration and routine monitoring of key parameters (DO, pH, alkalinity, ammonia) ensures optimal pond ecology and fish health. Disease management strategies addressing bacterial, parasitic and fungal infections further strengthen overall system resilience. Collectively these technological and management advancements have substantially elevated productivity, sustainability and economic outcomes in IMC aquaculture. The review underscores the need for continued integration of genetics, nutrition and environmental management to support future intensification and blue economy goals.
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Introduction
Indian Major Carps (Catla catla, Labeo rohita, Cirrhinus mrigala) contribute over 70% of India inland fish production owing to their rapid growth, environmental adaptability and strong consumer demand (Sharmin, 2024). In Telangana, IMC culture plays a vital role in rural aquaculture livelihoods, particularly across Warangal, Karimnagar, Khammam and Nalgonda supported through large-scale initiatives such as Mission Kakatiya and PMMSY (Sarkar et al.; Sahoo et al., 2018). The state extensive reservoir resources (0.3 million ha), combined with advancements in seed rearing, formulated feeds and improved pond management have substantially enhanced production efficiency (Department of Fisheries, Telangana, 2024).
Sustainable intensification of carp culture requires integrated practices that include systematic pond preparation, nutritionally balanced broodstock diets and strict water quality regulation (Sarkar et al., 2018; Manam et al., 2024). Emerging feed innovations such as black soldier fly larvae meal, fermented soybean, probiotics and herbal additives further strengthen growth performance, feed efficiency and immune resilience in IMC systems (Nguyen et al., 2025; Gupta et al., 2021). However, persistent health challenges, including bacterial septicaemia, epizootic ulcerative syndrome (EUS) and parasitic infections, continue to affect production. These are being addressed through enhanced biosecurity, improved disease management and NFDB driven programmes focusing on diagnostics and farmer awareness (Sahoo et al., 2018; NFDB, 2024).
Taxonomy
Indian Major Carps (IMC) belong to the family Cyprinidae, the largest freshwater fish family globally, comprising more than 3,000 species (Nelson et al., 2016; Froese and Pauly, 2024). The key cultured species Catla catla, Labeo rohita, Cirrhinus mrigala and Labeo calbasu share the same higher classification: Kingdom Animalia, Phylum Chordata, Class Actinopterygii, Order Cypriniformes and Family Cyprinidae, differing only at the genus and species levels. Their trophic complementarity surface zooplanktivory in Catla, column phytoplanktivory in Rohu and bottom detritivory in Mrigal and Calbasu supports efficient nutrient partitioning and high productivity in composite carp culture, especially in Telangana reservoirs and tanks (Suresh et al., 2018; Ganesh et al., 2025; FAO, 2018).
Catla (Catla catla)
Catla catla (Hamilton, 1822) is a major Indian carp widely cultured in inland aquaculture and noted for its rapid growth and surface feeding planktivorous habit. In composite fish culture, especially in Telangana, Andhra Pradesh and West Bengal, Catla is stocked with Labeo rohita and Cirrhinus mrigala, allowing efficient trophic complementarity that enhances overall pond productivity and ecological stability (Rahman, 2020).
Morphology and Feeding
Catla catla possesses a deep, laterally compressed body, large head, upturned mouth and silvery abdomen morphological traits optimized for surface feeding. Its diet varies ontogenetically fingerlings primarily consume zooplankton, while adults feed on phytoplankton and detritus, reflecting a planktivorous omnivorous habit under Indian lake conditions (Sangeetha and Susithra, 2023). In Telangana, although traditional rice bran oil cake mixtures (1:1) persist, the growing use of nutritionally balanced floating pellets has significantly improved growth performance and pond water quality.
Breeding and Reproduction
Catla catla is a seasonal monsoon breeder (May-August), while induced spawning using pituitary extracts or synthetic hormones such as Ovaprim and Ovatide enables reliable hatchery production (Chaturvedi, 2015; Das et al., 2016). Biannual induced breeding substantially increases fry output and hatchery efficiency with sexual maturity attained at 2-3 years and fecundity ranging from 0.2 to 1.5 million eggs per kg body weight (Rahman, 2020).
Genetic Diversity and Conservation
Genomic studies show clear genetic differentiation among Catla catla populations with SNP based analyses underscoring the need to preserve genetic diversity for breeding and seed quality enhancement (Sahoo et al., 2023). Mitochondrial DNA assessments reveal moderate divergence among hatchery stocks, highlighting the importance of routine broodstock replacement to avoid inbreeding, while the species fast growth and polyculture suitability continue to support its dominance in Telangana reservoir aquaculture (Sahoo et al., 2019).
Rohu (Labeo rohita)
Labeo rohita a key Indian Major Carp of the family Cyprinidae is extensively cultured across South Asia due to its rapid growth, high market demand and superior flesh quality (Manam and Quraishi, 2023). Originally native to the riverine systems of North India, Odisha and West Bengal, it is now widely distributed throughout the subcontinent (Hamilton et al., 2022). Rohu matures within 12-14 months and exhibits fecundity of 1.6-1.9 lakh eggs/kg, breeding naturally during the monsoon or through induced spawning using pituitary extracts or synthetic hormones (Das et al., 2020). Its omnivorous feeding habit, strong adaptability and compatibility in composite culture with Catla catla and Cirrhinus mrigala make it a nutritionally valuable and economically important species, particularly in Telangana aquaculture (Majumder et al., 2020; Rumki et al., 2024; Hamilton et al., 2022).
Mrigal (Cirrhinus mrigala)
Cirrhinus mrigala an economically important Cyprinid and one of the three IMC is widely distributed across India, Bangladesh, Nepal, Myanmar and Pakistan (Khan et al., 2012). Its rapid growth, adaptability and strong compatibility with Catla catla and Labeo rohita make it an efficient bottom feeder in composite culture systems (Bhanu Prakash et al., 2018; Hamilton et al., 2022). The species breeds successfully during the southwest monsoon through induced spawning using pituitary extracts or synthetic hormones such as Ovaprim and Ovatide (Rasal et al., 2024; Sahu et al., 2019). Feeding mainly on benthic detritus, algae and organic matter, Mrigal plays a vital role in nutrient recycling and maintaining ecological balance, contributing significantly to sustainable aquaculture in South Asia (Majumder et al., 2020; Nandeesha et al., 2013).
Maintaince of The Broodstock
Broodstock maintenance is crucial for sustainable aquaculture, emphasizing genetic integrity, optimal nutrition and strict hatchery biosecurity. Healthy, unrelated brood fish are selected and conditioned with protein, PUFA and vitamin rich diets to enhance gonadal maturation and seed quality (Ullah et al., 2015; Rahat Naveed et al., 2017; Majumder et al., 2020; Das et al., 2025). IMC show distinct sexual dimorphism males have rough opercula and pectoral fins a firm abdomen and an elongated whitish genital slit, while females exhibit smooth pectoral regions, a soft swollen abdomen and a rounded pink genital opening with limited ova release. Effective quarantine, health surveillance and hygienic brood holding systems are essential to prevent disease transmission (Irshath et al., 2023; Thakur et al., 2025). Accreditation and genetic certification frameworks further support the production of high quality, genetically diverse seed (Khan et al., 2018; FAO, 2025).
Spawning of Indian Major Carps
IMC are routinely bred through induced spawning using synthetic hormones such as Ovaprim, Ovatide and WOVA-FH, which provide higher spawning efficiency than traditional Carp Pituitary Extract (Das et al., 2016; Pandey et al., 2015). Under optimal temperatures of 26-31°C in hapa systems, a two step hormonal protocol induces successful spawning within 16-18 hours (Elakkanai et al., 2015; SHARMIN and M. S., 2024). Recent advancements, including portable hatcheries and improved GnRH/HCG-based hormone formulations have further strengthened breeding success, supporting reliable and sustainable year round carp seed production in India (Elakkanai et al., 2015; SHARMIN and  M. S., 2024).
Method of Injection
Hormonal induction in IMC is carried out through intramuscular, intraperitoneal and intracranial injections. Among these, intramuscular administration at the caudal peduncle is most widely preferred due to its safety, reliability and minimal tissue injury (Ali et al., 2015; Chaturvedi et al., 2015). Intraperitoneal injections carry risks of visceral damage (Hu et al., 2020; Saylor et al., 2024) while intracranial injection is rarely practiced because of its potential to cause neural injury (Mizrahi et al., 2023; Ohs et al., 2018).
      Seed Rearing of Indian Major Carps
  IMC larvae rely on yolk reserves for the first 3-4 days after which nutrient rich natural food becomes essential for early growth and survival (Mohapatra et al., 2018; Manam and Quraishi, 2024). Nursery rearing for 15-20 days in well-prepared ponds supports optimal larval development (Hossian et al., 2024; Bokor et al., 2024; Sahoo et al., 2017). Proper acclimation and timely supplementary feeding further improve fry survival and growth performance (Mohapatra et al., 2018; Manam and Quraishi, 2024; Hossian et al., 2024).
        Pond Preparation
Pond preparation is essential for establishing a healthy and productive environment for carp culture. Draining and sun drying ponds during the wet season help oxidize accumulated organic matter, eliminate toxic gases and effectively remove pathogens, predators and weed fishes (FAO, 2014; Tendencia, 2023).
Liming
Liming is essential for stabilizing pond soil pH, enhancing nutrient availability and disinfecting the pond bottom using CaCO₃, CaMg(CO₃)₂ or CaO at 200-500 kg/ha depending on soil type (Wurts et al., 2004; Boyd et al., 2002). It accelerates organic matter decomposition and improves phytoplankton productivity when applied before fertilization and water filling (Subasinghe, 2017). Maintaining optimal soil pH (6.5-7.0) and nutrient balance is crucial for    achieving high pond productivity (Wurts, 2014; Tendencia et al., 2023).
Management of Aquatic Weeds
Effective aquatic weed management is essential for maintaining pond productivity and fish health. Excessive weed growth competes with phytoplankton for nutrients and light, leading to oxygen fluctuations and reduced primary productivity (Datta, 2009; Durborow et al., 2007; Heaton, 2015). Weeds also provide shelter for predators, accelerate siltation and interfere with routine operations such as netting and harvesting (Burtle, 2015; Datta, 2009; Durborow et al., 2007).
Methods to Control Aquatic Weeds
Aquatic weed control relies on manual, mechanical, chemical and biological approaches depending on pond size and infestation intensity. Manual removal with rakes or cutters is suitable for small ponds, while mechanical devices such as winches improve efficiency in larger water bodies (Durborow et al., 2007; Heaton, 2015; Patnaik, 1985). Chemical herbicides like glyphosate, 2,4-D and simazine may be used cautiously to avoid environmental hazards. Biological control using herbivorous fishes or insects offers a more sustainable and eco-friendly method for long term weed management (Masser et al., 2013; Heaton, 2015).
Methods Eradicates to Predatory fish and Aquatic Weeds
Eradication of predatory fish and aquatic weeds is essential for improving carp larval survival in nursery ponds. Physical methods such as pond drying, manual removal and repeated netting effectively reduce unwanted species (Moursy et al., 2025; Murphy, 1989). Chemical control using rotenone (4-20 ppm), Mahua oilcake (2,500 kg/ha) or tea seed cake (200 kg/ha) provides broad spectrum elimination and naturally detoxifies within 2-3 weeks (Heaton, 2015; Gettys, 2014). Additionally, controlled application of bleaching powder, urea, bleaching mixtures and anhydrous ammonia helps maintain environmental safety and ensures favourable conditions for seed rearing (Masser, 2007; Terazaki, 1980; Simberloff, 2021).
Zooplankton Production and Fertilization 
Zooplankton production through systematic pond fertilization provides a sustained natural food base for fish fry. Nitrogen and phosphorus rich inputs stimulate phytoplankton biomass, which in turn enhances zooplankton availability (Terziysk et al., 2007; Ahmed, 2025). Organic manures such as cow dung (5-6 tonnes/ha) and poultry manure (2-3 tonnes/ha), applied along with balanced inorganic fertilizers, maintain favourable nutrient ratios, prevent eutrophication and improve fry growth and survival (Iyiola et al., 2015; Das et al., 2020; Kumar et al., 2005; Hammadi et al., 2024; Panikkar et al., 2024).
Stocking of Spawns
Proper acclimatization and pre-stocking water quality management are essential to minimize stress and mortality in fish spawns (Mandal et al., 2013; Saraswathy et al., 2015). Stocking should be carried out during early morning or late evening to avoid thermal and oxygen fluctuations (Chakrabarti et al., 1998). Optimal densities include 3-5 million spawns/ha in nursery ponds and 10-20 million/ha in cement tanks, supported by adequate aeration and feeding to ensure high survival and growth (Kaur, 2022; Sahoo et al., 2016).
Post Stocking Spawns
Post stocking care in IMC seed rearing includes feeding a 1:1 mixture of groundnut oil cake and rice bran at 6 kg/ha/day for the first 5 days, increasing to 12 kg/ha/day thereafter to enhance growth and survival (Ramakrishna et al., 2013; FAO, 2022). Under proper management, fry attain 25 mm within 15 days with 40-50% harvest efficiency (Mohapatra, 2021; Sahoo et al., 2017; Vikaspedia, 2023). Typically, clay ponds yield 2-3 crops/year, while cement tanks support 4-5 crops in controlled monoculture systems (Manam et al., 2024; FAO, 2013).
Fry to Fingerlings Rearing
Fry to fingerling rearing follows standard nursery practices with ponds fertilized using cow dung (3-4 t/ha) and SSP (30-40 kg/ha) to maintain productivity (Nath and Kalita, 2016). Stocking densities are 0.1-0.3 million/ha without aeration and 0.5-0.6 million/ha with aeration (Narayan Bag et al., 2016). A 1:1:1 species ratio of Catla, Rohu and Mrigal combined with a 1:1 feed mix of rice bran and oil cakes enriched with soya flour and fishmeal, supports optimal growth and healthy fingerling production in mono and polyculture systems (Sharma et al., 2004; Mane, 2014).
Harvesting of Fingerlings
Fingerlings are harvested at 80-100 mm within 2-3 months, depending on feed and water quality management (Nath and Kalita, 2016; Narayan Bag et al., 2016). Pre transport feed deprivation for 24-48 hours and gentle harvesting minimize stress and mortality, while moderate stocking and regular water exchange improve health and ensure >70% survival (Sharma et al., 2004; Mane, 2014; Das et al., 2021; Barlaya et al., 2021).
Cultural Practices for Grow outs
Grow-out ponds are prepared similarly to nursery ponds, ensuring balanced stocking of surface (30-40%), column (30-35%), and bottom feeders (30-40%) for ecological stability. Fingerlings of 60-100 mm or 50-100 g in cement cisterns attain up to 95% survival (Kumar, 2011; CARPS, 2022). Multi stock multi harvest systems improve pond utilization, allowing fish to reach 1 kg in 10-12 months under optimal management (Subasinghe et al., 2003; Rahman et al., 2020; Francová et al., 2019; Das, 2018; Jena et al., 2002).
Carp Harvesting
In single stocking systems, carps are harvested after 10-12 months with Catla reaching 1 kg and Rohu and Mrigal 600-700 g. Multiple stocking systems support continuous production through periodic harvests. Stocking 150-200 g fingerlings enables fish to exceed 1 kg within a year under optimal management (Prasad et al., 2024; Nath and Kalita, 2016).
Water Quality Management
Water quality management is crucial for sustaining fish growth, health and survival as optimal physicochemical conditions support metabolism, feeding efficiency and pond stability. Dissolved oxygen should be maintained around 5 mg/L, supported by mechanical aeration especially paddlewheels in 1-1.5m pond depths to improve oxygenation and nutrient distribution (Kestemont, 1995; Sinha et al., 2025; Yusoff et al., 2024; de Oliveira et al., 2019). Freshwater and brackishwater systems require temperature 20-33°C, pH 7.0-9.0 (freshwater) and 8.3-8.7 (brackishwater), salinity <0.5 ppt (freshwater) and up to 15 ppt (brackishwater), and TDS <500 mg/L. Buffering ions including carbonate (20-40 mg/L) and bicarbonate (150-500 mg/L) maintain alkalinity (50-300 mg/L freshwater; 50-350 mg/L brackishwater) and stabilize pH. Optimal ranges include DO 5-10 mg/L, phosphate 0.3-5.0 mg/L, total ammonia 0-1.0 mg/L, unionized ammonia 0-0.1 mg/L, nitrate 0.1-3.0 mg/L, nitrite 0-0.5 mg/L, iron 0-0.1 mg/L, hydrogen sulfide <0.02 mg/L freshwater; <0.03 mg/L brackishwater, and residual chlorine <0.2 mg/L. Maintaining these thresholds minimizes stress, prevents disease and sustains high productivity in aquaculture systems.
Nutritional Requirements of Indian Major Carps
Protein and Amino Acids
Protein and essential amino acids are fundamental for growth, metabolism and tissue accretion in IMC. Dietary protein requirements decrease with age, with fry requiring 40%, fingerlings 35 and adults 30% for optimal performance (Yadav et al., 2019; Mohanty et al., 2014). All ten essential amino acids must be supplied and studies show cystine can replace up to 50% of methionine, while leucine methionine supplementation improves protein utilization in Labeo rohita (Fatma Abidi and Khan, 2010; Abidi and Khan, 2007; Abidi et al., 2022). Balanced lipids and carbohydrates exert protein sparing effects, enhancing growth and immunity (Mohanty et al., 2014; Mondal et al., 2022).
Amino acid requirements vary across species and life stages. Catla fry require higher levels of lysine (6.22-6.85%), methionine (3.01-3.54%), threonine (4.51-4.94%) and leucine (3.71-4.37%) compared with adults. Rohu requires lysine (2.26-5.57%), arginine (2.31-5.76%), leucine (1.84-4.62%), methionine (1.14-2.87%) and threonine (1.72–4. 27%).Mrigala shows similar profiles, with lysine (2.34-5.87%), arginine (2.11-5.24%) and methionine (1.2-3.17%). These species specific amino acid patterns support precision feed formulation to improve growth rate, feed efficiency and overall fish health.
Lipids and Fatty Acids
Lipids serve as key sources of energy, essential fatty acids and structural components of cell membranes in IMC (Ninawe et al., 2020). The optimal dietary lipid level is 7-8% for supporting growth and physiological efficiency (Mule et al., 2024). Supplementation with 1% n-3 and n-6 fatty acids improves metabolic balance, stress resilience and growth performance (Mohapatra et al., 2023; Yang et al., 2023). Although EPA and DHA are biologically important they are considered non essential for freshwater carps because these species can synthesize them from shorter-chain precursors (Kamler et al., 2008; Shrivastav et al., 2022).
Carbohydrates
Carbohydrates serve as a cost effective energy source for IMC and are optimally utilized at 22-30% of the diet, while higher levels (>35%) can depress growth and feed intake. IMC species such as Labeo rohita, Catla catla and Cirrhinus mrigala efficiently metabolize starch and dextrin, and carbohydrate sources like wheat or tapioca flour exert a protein-sparing effect that enhances growth performance (Kathane et al., 2017; Giri et al., 2021; Singh et al., 1985).
Vitamins and Minerals
Balanced vitamins and minerals are essential for growth, metabolism and immunity in IMC. Deficiencies of key vitamins such as thiamine, riboflavin, niacin and ascorbic acid lead to anemia and reduced stress tolerance, while fat soluble vitamins A, D, E and K are equally critical. Minerals including calcium, phosphorus, magnesium, copper and cobalt are necessary for skeletal development and metabolic regulation (Vani et al., 2011; Misra et al., 2007; Trushenski et al., 2006; Mmanda, 2025; Singh et al., 1985).
Supplementary Feeding
Supplementary feeding is vital for improving growth, survival and reproductive efficiency in carp culture. Traditional feeds like rice bran and oil cake (1:1; 25-28% protein) are nutritionally limited (Liu et al., 2024), whereas balanced pelleted feeds can enhance yield by up to 50% (Ghosh et al., 2005). Cost effective formulation is achieved using local ingredients such as soybean meal (46.2% protein), groundnut cake (42.1%), sesame cake (41.8%), cottonseed cake (37.1%) and carbohydrate sources like maize, sorghum and tapioca. Broodstock diets combining rice bran, groundnut cake, fish meal, cereals and pulses along with vitamin mineral premix, supplied at 2-4% body weight and containing 25-30% protein, significantly improve gonadal maturation, fecundity and spawning performance (Afzal Khan et al., 2005; Nayak et al., 2007). These optimized formulations form the foundation of efficient supplementary feeding systems in IMC.
Treatment and Diseases Control of Indian Major Carps
IMC (Catla, Rohu, Mrigala) commonly suffer from bacterial, parasitic and fungal infections that impair growth and survival (Mishra et al., 2017). Bacterial diseases such as Aeromoniasis and Motile Aeromonas Septicemia (MAS) are effectively treated using antibiotics like oxytetracycline or florfenicol (Semwal et al., 2023). Parasitic infestations involving Ichthyophthirius and Argulus are managed with malachite green or formalin, ensuring rapid parasite reduction. Sustainable health management depends on preventive measures including optimal water quality, balanced nutrition and routine surveillance (Mishra et al., 2017; Kumar et al., 2022).
Discussion
IMC culture comprising Catla catla, Labeo rohita and Cirrhinus mrigala forms the backbone of Telangana inland aquaculture, supporting fish production and rural livelihoods (Sharmin, 2024; Sarkar et al., 2018). Initiatives like Mission Kakatiya and PMMSY have strengthened infrastructure in districts such as Warangal, Karimnagar and Nalgonda, optimizing the use of 0.3 million ha of reservoir area (Department of Fisheries, Telangana, 2024). Adoption of scientific breeding, nutrition and water management practices has enhanced both productivity and sustainability (Manam and Quraishi, 2024).
Formulated feeds containing 30-40% protein with balanced amino acids have improved growth and feed efficiency (Mohanty et al., 2014; Yadav et al., 2019), while balanced lipids (7-8%) and carbohydrates (22-30%) provide energy and protein sparing effects (Mule et al., 2024; Kathane et al., 2017). Replacing traditional rice bran oil cake mixtures with pelleted feeds, incorporating soybean meal and silkworm pupae, has increased growth and survival by 40-50% (Ghosh et al., 2005; Tapati et al., 2016). Field studies confirm that such feeding strategies improve yield and stabilize pond water quality (Ganesh et al., 2025). Broodstock management is critical with hormonal induction (Ovaprim, Ovatide) at 26-31°C enhancing spawning (Das et al., 2016; Elakkanai et al., 2015). Periodic broodstock renewal, genetic certification and hatchery biosecurity ensure healthy, genetically diverse seed (Ullah et al., 2015; FAO, 2025). Nursery rearing with organic and inorganic fertilization supports zooplankton production, boosting fry survival and early growth (Terziyski et al., 2007; Ahmed, 2025).
Maintaining water quality DO 5-10 mg/L and pH 7.0-9.0 is central to fish health and feed utilization (Sinha  and Banerjee, 2025; Yusoff et al., 2024). Liming (200-500 kg/ha) and aeration enhance alkalinity, reduce stress and stabilize pond ecology (Boyd et al., 2002; Wurts, 2014). Bacterial (Aeromoniasis) and parasitic (Ichthyophthirius, Argulus) infections are effectively controlled with oxytetracycline, florfenicol and NFDB recommended biosecurity practices (Mishra et al., 2017; Kumar et al., 2022; NFDB, 2024). Overall, integrated advancements in nutrition, broodstock management and water quality regulation have strengthened IMC aquaculture in Telangana, improving productivity, resilience and rural livelihoods, thereby contributing to India blue economy vision.
Conclusion
Indian Major Carps culture, comprising Catla catla, Labeo rohita and Cirrhinus mrigala, continues to serve as the backbone of freshwater aquaculture in Telangana. The present review highlights that scientific advancements in broodstock management, induced breeding, seed rearing, supplementary feeding and water quality regulation have significantly improved carp productivity and sustainability. Adoption of balanced pelleted feeds, integrated fertilization strategies, routine health monitoring and biosecurity practices has enhanced growth performance, seed quality, survival and disease resistance. Furthermore, improved reservoir management and farmer oriented programmes have strengthened rural aquaculture livelihoods. Overall, integrating nutrition, genetics, pond ecology and health management offers a robust pathway for sustaining IMC production, supporting food security and contributing to the state blue economy.
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