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Abstract: 

Integrated rice-fish farming represents a paradigm shift toward sustainable agricultural intensification in 

Bihar's agricultural landscape. This comprehensive research examines Magur fish (Clarias batrachus) rice 

transplanting integrated fish farming systems, analysing their productivity potential, economic viability, 

and sustainability benefits within Bihar's specific agro-ecological context. Data synthesized from ICAR 

research facilities, government fisheries statistics, and peer-reviewed publications (2014-2024) reveals 

that Bihar has achieved remarkable aquaculture growth, progressing from 4.79 lakh metric tonnes (2014-

15) to 8.73 lakh metric tonnes (2023-24), achieving 81.98% production increase and attaining 4th position 

nationally in fish production. Field investigations and techno-economic analyses demonstrate that rice-

fish integrated systems incorporating Magur achieve average fish yields of 500-1,000 kg/ha annually with 

rice yield enhancements of 8-25% compared to monoculture systems. Economic modelling indicates net 

returns of ₹2,45,000-₹3,04,900/ha for diversified rice-fish-horticulture integration models, representing 

2.31-2.36 benefit-cost ratios. This analysis establishes rice-fish farming as a scientifically validated, 

economically sustainable, and environmentally beneficial production system with exceptional livelihood 

potential for Bihar's smallholder farming communities, directly supporting state and national food security 

objectives while promoting agrarian transformation and natural resource optimization. 

 

Keywords: magur (Clarias batrachus), integrated fish farming, rice-fish co-culture, bihar aquaculture, 
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1. Introduction: 

1.1 Background and Rationale 

Bihar's agricultural economy, traditionally dependent on rice-wheat cereal systems, faces critical 

challenges of land degradation, declining productivity, and limited livelihood diversification for 

smallholder farmers (Kumar et al., 2024). The state encompasses approximately 55 lakh hectares of 

cultivable land, with rice cultivation occupying about 20-25% of this area. However, conventional rice 

monoculture systems demonstrate inherent limitations: declining soil fertility, increased disease and pest 

incidence, elevated chemical input requirements, and limited farmer income stability. 

Integrated farming systems, specifically rice-fish co-culture, represent evidence-based solutions to 

overcome these limitations while simultaneously addressing: 

• Food Security: Additional protein production from aquatic sources. 

• Economic Sustainability: Diversified income streams reducing farmer vulnerability. 
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• Environmental Stewardship: Reduced chemical inputs, enhanced biodiversity, improved nutrient 

cycling. 

• Natural Resource Optimization: Efficient water and land utilization. 

• Climate Resilience: Enhanced ecological stability in flood-prone regions. 

Bihar's geographic position in the Indo-Gangetic Plain, characterized by abundant water resources, semi-

deep to deep water rice growing areas, and smallholder farming demographics, creates exceptional 

suitability for rice-fish farming implementation. The state experiences monsoon-influenced rainfall 

patterns, with average precipitation of 1,100-1,200 mm annually, creating extended water retention periods 

optimal for integrated aquaculture. 

1.2 Magur (Clarias batrachus) as Integrated Farming Component 

Magur (Walking catfish, Clarias batrachus) represents an exceptionally suitable species for rice-fish 

integration in Bihar due to multiple biological and economic advantages: 

Biological Suitability: 

• Air-breathing capability enabling survival in low-oxygen paddy environments 

• Hardy constitution tolerating variable water quality conditions 

• Natural predation of rice pests and aquatic weeds 

• Rapid growth achieving market-size (200-300g) within 4-6 months 

• High reproductive potential providing seed availability 

• Disease resistance particularly to waterborne pathogens prevalent in rice ecology 

Economic Advantages: 

• High market demand with retail prices ₹350-500/kg throughout Bihar 

• Feed conversion ratio (FCR) 1.5-2.0 enabling economic feed utilization 

• Production potential reaching 3,500-5,000 kg/ha under semi-intensive management 

• Export potential through cold chain networks to neighbouring states 

Ecological Integration: 

• Natural symbiotic relationship with rice plants and paddy ecosystems 

• Contribution to pest and weed management reducing chemical inputs 

• Nutrient cycling through natural decomposition processes 

• Bioaccumulation of agricultural run-off pollutants, reducing environmental contamination 

1.3 Research Objectives 

This investigation systematically evaluates rice-fish integrated farming incorporating Magur fish in 

Bihar's agricultural context with specific objectives to: 

1. Synthesize contemporary scientific evidence regarding Magur fish-rice integration productivity 

parameters 

2. Establish techno-economic viability through cost-benefit analysis and financial modelling 

3. Quantify resource utilization efficiency including water, land, and nutrient optimization 

4. Evaluate ecological and sustainability benefits compared to conventional agriculture 

5. Document management protocols for Magur stocking, feeding, disease prevention, and harvest 

optimization 

6. Analyse barriers and enablers to farmer adoption within Bihar's institutional context 

7. Provide evidence-based recommendations for scaling rice-fish farming among smallholder 

communities 
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2. Literature Review 

2.1 Rice-Fish Farming: Historical and Contemporary Context 

Rice-fish co-culture represents an ancient agricultural practice, traditionally documented throughout East 

and Southeast Asian farming systems, with historical records suggesting adoption dating to pre-medieval 

periods. Contemporary research validates historical observations through rigorous quantification of 

mutual benefits between rice and fish components. 

Historical Development in India: 

Documentation indicates traditional rice-fish practice in northeastern India, particularly Assam and 

Manipur states, where natural fish ingress into submerged paddy fields represented spontaneous 

production system. ICAR-National Rice Research Institute (NRRI), Cuttack initiated systematic research 

during 1990s, leading to standardized protocols and technology development. This institutional research 

culminated in development of three adoptable models specifically designed for Indian rice ecology. 

2.2 Scientific Evidence for Productivity Enhancement 

Recent comprehensive meta-analysis of published research demonstrates: 

Rice Yield Enhancement: 

• 8-25% rice yield increase in integrated systems compared to monoculture 

• Field investigations across Bihar by ICAR-Research Complex (Eastern Region) documented 6.73% 

increase in paddy grain and 4.36% increase in paddy straw per hectare 

• Mechanisms include: enhanced soil aeration through fish movement, improved nutrient availability 

through decomposition processes, reduced pest and pathogen incidence, enhanced soil organic matter 

preservation 

Fish Production Potential: 

• Potential yields exceeding 500-1,000 kg/ha annually with appropriate management 

• Traditional extensive systems producing 259-1,108 kg/ha depending on stocking density and inputs 

• Semi-intensive systems with improved management achieving 1,500-2,000 kg/ha 

• High-input intensive systems with supplementary feeding potentially reaching 3,500-5,000 kg/ha 

Nutrient Cycling and Soil Health: 

• Enhanced nitrogen availability through decomposition of fish waste and natural feed materials 

• Reduction in chemical fertilizer requirement by 25-50% due to nutrient recycling 

• Increased soil organic matter content improving water retention and structure 

• Enhanced microbial diversity and soil biological activity 

2.3 Economic Viability Studies 

Techno-economic analysis from ICAR research (2018-2024) and state government studies provides robust 

financial validation: 

Net Returns Analysis: 

• Rice-Fish alone: ₹80,000-120,000/ha/annum 

• Rice-Fish-Poultry integration: ₹2,13,300/ha (B:C ratio 2.26) 

• Rice-Fish-Horticulture: ₹2,45,000/ha (B:C ratio 2.31) 

• Rice-Fish-Horticulture-Poultry: ₹3,04,900/ha (B:C ratio 2.36) 

Comparative productivity analysis reveals integrated systems demonstrating 186% higher productivity 

compared to conventional rice-wheat monoculture systems. Productivity improvements translate directly 

to income enhancement for farming households, with studies documenting net income improvements of 

₹35,852/ha when transitioning from rice monoculture to integrated systems. 
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2.4 Environmental and Social Benefits 

Scientific literature comprehensively validates sustainability dimensions: 

Environmental Advantages: 

• 30-40% reduction in chemical pesticide utilization through natural pest control 

• Enhanced biodiversity supporting beneficial aquatic and terrestrial organisms 

• Reduced environmental contamination through nutrient uptake by fish components 

• Improved water quality in integrated pond systems reducing eutrophication 

• Contribution to greenhouse gas mitigation through organic matter preservation 

Livelihood and Social Impact: 

• Enhanced food security through dual-protein sources (rice and fish) 

• Improved dietary diversity with increased micronutrient availability 

• Employment generation estimated at 300% higher compared to rice-wheat systems 

• Economic resilience through income diversification reducing weather-related vulnerability 

• Empowerment of women and marginalized communities through diversified income opportunities 

 

3. Materials And Methodology: 

3.1 Research Design and Data Collection 

This comprehensive analysis synthesized information from multiple sources: 

Primary Data Sources: 

• ICAR-Research Complex for Eastern Region (Patna, Bihar) integrated farming system trials (2018-

2024) 

• Government of Bihar, Department of Fisheries official statistics and annual reports 

• Field investigations across 15 selected villages in North Bihar rice-growing districts 

• Farmer participatory research involving 120+ farmers practicing integrated farming systems 

Secondary Data Sources: 

• Peer-reviewed publications from international and national fisheries journals 

• ICAR research bulletins and technical publications 

• FAO (Food and Agriculture Organization) global rice-fish compilation 

• ResearchGate database literature review 

• Government policy documents and implementation guidelines 

3.2 Analytical Framework 

Productivity Assessment: 

• Field documentation of rice and fish yields under various management intensities 

• Measurement of growth performance parameters including FCR, specific growth rate (SGR), survival 

rates 

• Comparison of productivity metrics against monoculture control systems 

Techno-Economic Analysis: 

• Cost-benefit analysis incorporating all production inputs and outputs 

• Calculation of benefit-cost ratio (B:C) and net present value (NPV) 

• Break-even analysis determining minimum production thresholds 

• Sensitivity analysis evaluating impact of price and yield variations 

Sustainability Evaluation: 

• Assessment of nutrient cycling efficiency and soil quality parameters 

http://www.ijfmr.com/
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• Quantification of pesticide/fertilizer reduction compared to monoculture 

• Evaluation of biodiversity enhancement through species composition analysis 

• Water resource utilization efficiency analysis 

3.3 Geographic and Ecological Context 

Research focused specifically on Bihar's agro-ecological zones: 

• Geographic Region: Eastern Gangetic Plain encompassing districts of Patna, East Champaran, West 

Champaran, Saran, Vaishali, Madhubani, and Darbhanga 

• Climate Classification: Subtropical monsoon with 1,100-1,200 mm annual precipitation 

• Soil Type: Alluvial soil with moderate to high water retention capacity 

• Water Resources: Access to groundwater through tube wells and surface water through seasonal 

impoundment 

• Farming Community: Predominantly smallholder (0.5-2.0 hectare) and marginal farmers (< 0.5 

hectare) 

 

4. Results And Findings: 

4.1 Fish Production in Bihar: Growth Trajectory 

Recent government statistics document remarkable aquaculture sector expansion: 

Financial Year Fish Production (Lakh MT) Growth Rate (%) National Rank 

2014-15 4.79 — 9th 

2016-17 5.42 +13.2% 8th 

2018-19 6.50 +19.9% 6th 

2020-21 6.83 +5.1% 5th 

2023-24 8.73 +27.8% 4th 

 

 
Key Observations: 

• Decadal growth rate of 81.98% representing unprecedented sectoral expansion 
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• Accelerated growth trajectory particularly from 2020-21 onwards due to government support schemes 

• Achievement of 4th national rank from 9th position reflecting policy effectiveness and farmer adoption 

4.2 Magur Production Capacity and Distribution 

Magur fish production represents significant component of Bihar's expanding aquaculture: 

Production Characteristics: 

• State government priority species for hatchery establishment and farmer promotion 

• 38+ Magur hatcheries established across Bihar with annual fingerling production capacity of 2-3 crore 

units 

• Approximately 25-30% of state fish production now derived from Magur culture 

• Primary cultured under semi-intensive to intensive systems in earthen ponds and indoor RAS facilities 

Stocking and Management Parameters: 

Parameter Recommended Range Field Observations 

Stocking Density (fingerlings/m²) 50-70 100-150 (Semi-intensive) 

Fingerling Size (mm) 25-40 30-50 

Rearing Period (months) 5-6 4-8 

Market Size (g) 200-300 250-350 

Water Depth (cm) 50-100 40-120 

Feeding Rate (% BW) 3-5 2-4 

 

4.3 Rice-Fish Integrated System Productivity 

Comprehensive field investigations document productivity parameters across management systems: 

Rice Yield Comparison: 

Production System Rice Yield (kg/ha) Enhancement vs. Monoculture (%) 

Rice Monoculture (Control) 3,000 — 

Rice-Fish Extensive 3,150 +5.0% 

Rice-Fish Semi-intensive 3,450 +15.0% 

Rice-Fish-Duck Integration 3,600 +20.0% 

Rice-Fish-Horticulture (Pond Dyke) 3,750 +25.0% 

 

Fish Production Capacity: 

Integration Type Fish Yield (kg/ha) Production Period (months) 

Extensive (Natural predation) 250-300 4 

Semi-intensive (Supplementary feed) 600-800 5 

Intensive (Formulated feed) 1,200-1,500 5-6 

Rice-Fish-Horticulture model 800-1,000 4-5 

 

4.4 Economic Viability Analysis 

Comprehensive cost-benefit analysis across farming system models: 

Annual Cost Structure (per hectare, ₹): 

Cost Component Rice-Fish Only Rice-Fish-Poultry Rice-Fish-Horticulture 

Land Preparation 8,000 8,000 12,000 

Fish Fingerlings 12,000 12,000 12,000 

http://www.ijfmr.com/
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Fish Feed 18,000 18,000 20,000 

Rice Seeds & Inputs 15,000 15,000 15,000 

Labor (hired) 22,000 28,000 32,000 

Poultry/Other components — 35,000 25,000 

Total Variable Costs 75,000 116,000 116,000 

Total with Fixed Costs 95,000 145,000 145,000 

 

Annual Revenue Structure (per hectare, ₹): 

Revenue Component Rice-Fish Only Rice-Fish-Poultry Rice-Fish-Horticulture 

Rice (3,150 kg @ ₹25/kg) 78,750 78,750 93,750 

Fish/Magur (600 kg @ ₹400/kg) 2,40,000 2,40,000 3,20,000 

Poultry Products — 70,000 — 

Vegetables/Fruits (Dyke) — — 1,25,000 

Total Gross Revenue 3,18,750 3,88,750 5,39,750 

 

Net Returns and B:C Ratios: 

Model Net Returns (₹/ha) B:C Ratio ROI (%) 

Rice Monoculture (Control) 80,000 1.35 35 

Rice-Fish Only 2,23,750 2.15 115 

Rice-Fish-Poultry 2,43,750 2.26 126 

Rice-Fish-Horticulture 3,94,750 2.31 158 

Rice-Fish-Horticulture-Poultry* 3,04,900 2.36 168 

 

 
*Data from ICAR-RCER Patna (2024): Indicates highest productivity model 
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Break-Even Analysis: 

Economic modelling demonstrates rice-fish integration achieves break-even production targets with 

significantly lower output requirements compared to monoculture: 

• Rice-Fish: Break-even at 450 kg rice + 300 kg fish annually 

• Rice Monoculture: Break-even at 2,400 kg rice annually 

• Implication: Rice-Fish systems demonstrate 35% lower financial risk through diversified output 

 

4.5 Management Protocols for Magur Fish-Rice Integration 

Evidence-based management protocols synthesized from ICAR research and field validation: 

 

Pre-Production Phase: 

Task Specification Timeline 

Pond Preparation Level ground, remove weeds, dry for 15 days June-July 

Bund Construction 1:1.5 slope ratio, height 75-100cm June-July 

Fish Refuge Creation 15-20% area, 1-1.5m depth for breeding July 

Water Filling 50-60cm depth for rice preparation July 

 

Stocking Specifications: 

• Fingerling Source: Hatchery-produced, certified disease-free fingerlings 

• Stocking Density: 100-150 fingerlings/hectare (semi-intensive) to 200-300/hectare (intensive) 

• Fingerling Size: 30-50mm (25-30 grams recommended) 

• Stocking Timing: 15-20 days post rice transplanting to avoid mechanical damage 

• Sex Ratio: 1:1 male to female (optional for reproductive potential) 

 

Feeding Management: 

Growth Phase Duration 

(weeks) 

Feed Type Feeding Rate (% 

BW) 

Frequency 

Fingerling (10-50g) 2-3 Rice bran + oil cake 4-5 2x daily 

Juvenile (50-100g) 2-3 Rice bran + oil cake + trash 

fish 

3-4 2x daily 

Grow-out (100-

250g) 

6-8 Formulated feed (30-35% 

protein) 

2-3 1x daily 

Market-size (250-

350g) 

2-4 Formulated feed (25-30% 

protein) 

1.5-2 1x daily 

 

Feed Formulation (Cost-Effective Recipe for Bihar): 

Composition (% dry matter): 

• Trash Fish: 40% 

• Rice Bran: 30% 

• Oil Cake: 20% 

• Vitamin-Mineral Premix: 10% 

Cost per quintal: ₹700-850 (compared to commercial floating feed ₹1,200-1,500/quintal) 
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Water Quality Management: 

Parameter Optimal Range Field Tolerance Management Strategy 

Temperature (°C) 25-32 20-35 Seasonal monitoring 

pH 7.0-7.5 6.5-8.0 Lime application if acidic 

Dissolved Oxygen (mg/L) 5-8 >4 Aeration, water exchange 

Ammonia (NH₃, mg/L) <0.05 <0.10 Water exchange, biofertilizer 

Phosphate (mg/L) 0.05-0.10 <0.20 Waste management 

 

Pest and Disease Management: 

Problem Prevention Field Management 

Predatory Birds 50% shade through bamboo/nets Netting of water body 

Aquatic Insects Water level maintenance Hand-collection if severe 

Fish Diseases Quarantine, certified fingerlings Salt/lime treatment (500g/100L water) 

Bacterial Infection Maintain water quality Potassium permanganate (2-3 mg/L) 

Fungal Infection Avoid physical damage 2-3% salt solution bath (24-48h) 

 

Harvesting Protocol: 

• Harvest Timing: 4-6 months post stocking when market-size (250-350g) achieved 

• Harvesting Method: Netting, partial or complete as per demand 

• Post-Harvest Handling: Immediate icing, cold storage at 2-4°C 

• Expected Recovery Rate: 75-85% based on stocking density and management 

 

4.6 Sustainability Indicators 

Quantified sustainability benefits from integrated systems: 

Chemical Input Reduction: 

Input Type Rice Monoculture Rice-Fish System Reduction (%) 

Nitrogen (kg/ha) 120-150 80-100 25-30% 

Phosphate (kg/ha) 60-80 40-50 25-35% 

Pesticide (L/ha) 3-4 0.5-1.0 75-85% 

Herbicide (kg/ha) 2-3 0.5-1.0 70-80% 

 

Biodiversity Enhancement: 

• Fish species diversity: 1-2 species (monoculture) vs. 5-8 species (integrated) 

• Aquatic invertebrate density: 3-5 per m² (monoculture) vs. 15-25 per m² (integrated) 

• Arthropod predator abundance: 45% higher in integrated systems 

• Soil microorganism diversity: 30-40% enhancement in integrated systems 

 

Soil Quality Improvement: 

Soil Parameter Rice Monoculture Rice-Fish System Improvement 

Organic Matter (%) 0.8-1.0 1.2-1.5 +35-50% 

Soil pH 6.2-6.5 6.5-7.0 Neutral trend 

Available Nitrogen (kg/ha) 250-300 350-400 +35-50% 
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Water Retention (%) 35-40 40-45 +5-10% 

 

Water Resource Efficiency: 

• Water productivity (kg food per 1000L): Monoculture 0.3 kg vs. Rice-Fish 0.8-1.0 kg 

• Water table impact: Reduced groundwater extraction through efficient utilization 

• Wastewater discharge: Reduced nutrient contamination of aquatic ecosystems 

 

5. DISCUSSION 

5.1 Productivity Enhancement Mechanisms 

Rice yield enhancement in integrated systems operates through multiple biological pathways: 

Direct Mechanisms: 

1. Nutrient Cycling: Fish excretion provides bioavailable nitrogen (50-70% of fish feed nitrogen 

converted to excretion), reducing chemical fertilizer dependence 

2. Soil Aeration: Fish movement creates soil disturbance enhancing oxygen penetration critical for 

anaerobic microbial processes 

3. Pest Control: Fish predation on rice pests (chironomids, nymphs, adult insects) reduces pest incidence 

by 30-40% 

4. Weed Management: Fish consumption and disturbance suppress aquatic weed growth by 50-70% 

Indirect Mechanisms: 

1. Organic Matter Accumulation: Aquatic organism decomposition enriches soil organic matter 

improving water retention and microbial activity 

2. Soil Structure Improvement: Enhanced organic matter promotes soil aggregation increasing 

permeability and root penetration 

3. Microorganism Enhancement: Fish presence promotes beneficial microbial communities including 

nitrogen-fixing bacteria and phosphate-solubilizing organisms 

Quantification: Field studies document rice grain yield enhancement of 8-25%, consistent across diverse 

agro-ecological contexts, validating biological mechanisms. 

5.2 Economic Sustainability and Livelihood Impact 

Economic analysis reveals rice-fish integration generates substantial livelihood improvements: 

Income Stability: Diversified revenue streams from rice and fish production reduce vulnerability to 

single-crop price volatility. Farmer surveys document 45% reduction in income variability compared to 

rice monoculture. 

Return on Investment: B:C ratios of 2.15-2.36 for rice-fish integrated systems substantially exceed 

monoculture baseline (B:C 1.35), representing 60-75% return enhancement. Net income improvements of 

₹1,50,000-₹3,20,000 annually per hectare create substantial poverty alleviation potential. 

Employment Generation: Integration generates 300% additional employment opportunities through 

diversified agricultural activities (rice cultivation, fish management, pond dyke agriculture, product 

processing). Rural employment studies document daily wage generation of ₹443/hectare/day for 

integrated systems vs. ₹95.1/hectare/day for monoculture. 

Gender Empowerment: Integration creates specific employment niches for women including fish feed 

preparation, aquatic vegetation processing, and market interface roles. Studies document 35-40% female 

participation in integrated system operations. 
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5.3 Environmental and Climate Resilience 

Rice-fish integration provides critical environmental stewardship benefits: 

Pesticide Reduction Benefits: 

• Ecological impact: Reduced agrochemical residues protecting non-target aquatic organisms 

• Economic benefit: Direct cost savings of ₹5,000-8,000/ha through reduced pesticide purchase 

• Human health: Reduced farmer and consumer exposure to pesticide residues 

Nutrient Cycling Efficiency: 

• Nitrogen recovery: Fish systems capture 50-70% of fed nitrogen through retention in fish biomass and 

cycling through decomposition 

• Phosphorus efficiency: Enhanced phosphate solubilization through microbial activity increases 

bioavailability 

• Potassium cycling: Organic matter decomposition sustains potassium availability 

Climate Change Adaptation: 

• Flood Resilience: Semi-deep and deep-water rice varieties cultivated in integrated systems show 30-

40% yield stability under flooding compared to monoculture 

• Drought Adaptation: Enhanced soil water retention from increased organic matter provides extended 

crop survival during water stress 

• Biodiversity Buffer: Enhanced species diversity provides ecological resilience to environmental 

perturbations 

5.4 Farmer Adoption Barriers and Enablers 

Field investigations document critical factors influencing technology adoption: 

Barriers to Adoption: 

1. Technical Knowledge Gap: 65% of surveyed farmers lack detailed understanding of integrated 

farming principles and management requirements 

2. Initial Capital Investment: Setup costs (pond development, fingerling procurement) averaging 

₹40,000-60,000/ha deter resource-poor farmers 

3. Risk Aversion: Unfamiliarity with fish culture creates hesitation despite economic evidence 

4. Market Access: Limited fish marketing infrastructure in rural areas creates buyer uncertainty 

5. Credit Availability: Inadequate agricultural credit specifically for aquaculture limits farmer access to 

working capital 

Enablers of Adoption: 

1. Government Support Programs: PMMSY (Pradhan Mantri Matsya Sampada Yojana) provides 40-

50% subsidy for pond development and infrastructure 

2. Farmer Groups: Collective demonstrations and farmer study circles accelerate technology diffusion 

(40% faster than individual adoption) 

3. Technical Extension: ICAR and state fisheries department training programs enhance farmer 

competency 

4. Value Chain Development: Cold chain infrastructure and direct market linkages reduce marketing 

barriers 

5. Peer Learning: Farmer-to-farmer knowledge transfer through village-level demonstrations proves 

highly effective 

5.5 Integration with Government Policy and Support Systems 

Bihar government and national initiatives provide supportive environment: 
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Policy Framework: 

• State Fisheries Policy 2016: Prioritizes aquaculture expansion with 180 MT production target 

• PMMSY Coverage: ₹522.41 crore sanctioned for Bihar (2020-2025) specifically supporting finfish 

hatcheries and integrated systems 

• Special Package: ₹279.55 crore PM Special Package includes Magur hatcheries and infrastructure 

development 

• Subsidy Schemes: 40-50% subsidy on pond construction, fingerling procurement, and equipment 

acquisition 

Implementation Mechanisms: 

• Establishment of 38+ Magur hatcheries with annual fingerling production capacity of 2-3 crore units 

• Technical training of 8,000+ extension workers and farmers through ICAR-RCER and state 

department 

• Market infrastructure development through cold storage chains and retail outlets 

• Micro-finance linkages through Kisan Credit Card (1,290 cards issued to fishermen in Bihar) 

 

6. Recommendations For Scaling & Technology Dissemination: 

6.1 Policy Recommendations 

At State Government Level: 

1. Subsidy Enhancement: Increase aquaculture subsidy from 40% to 50-60% for small and marginal 

farmers 

2. Credit Provision: Establish dedicated credit lines through regional rural banks for integrated farm 

development 

3. Extension Infrastructure: Deploy aquaculture extension agents at block level (currently coverage 

inadequate) 

4. Market Linkage: Establish fish marketing cooperatives and cold chain infrastructure in all districts 

5. Seed Security: Strengthen fingerling production and distribution systems ensuring quality 

certification 

6.2 Technical Recommendations 

Research Priorities: 

1. Species Optimization: Comparative trials evaluating Magur performance with indigenous Singhi, 

Koi, and hybrid varieties 

2. Feed Optimization: Development of locally-sourced feed formulations reducing cost to ₹500-

600/quintal 

3. Biofloc Integration: Assessment of biofloc technology integration with rice-fish systems for intensive 

production 

4. Climate-Smart Adaptation: Evaluation of integrated systems under predicted climate scenarios 

(temperature variation, rainfall pattern changes) 

5. Disease Management: Standardized protocols for common Magur diseases in Bihar's specific context 

Extension Recommendations: 

1. Farmer Training: Village-level training programs emphasizing practical demonstration and hands-

on experience 

2. Study Circles: Formation of farmer producer organizations with 15-20 farmers facilitating peer 

learning 
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3. Technology Hubs: Establishment of model farms demonstrating various integration models for 

farmer exposure 

4. Mobile Extension: Utilization of mobile technology for real-time technical support during critical 

management periods 

5. Value Addition Training: Skill development for fish processing, packaging, and marketing enhancing 

farmer income 

6.3 Social and Institutional Recommendations 

1. Women Participation: Dedicated schemes supporting women's involvement in fish production and 

marketing (currently only 15-20% participation) 

2. Youth Engagement: Entrepreneurship programs targeting rural youth for aquaculture business 

development 

3. Cooperative Formation: Strengthening of farmer producer organizations for collective input 

procurement and output marketing 

4. Credit Linkage: Integration of aquaculture financing through mainstream banking institutions 

5. Insurance Products: Development of rice-fish specific insurance products addressing production 

risks 

 

7. Conclusion: 

This comprehensive research synthesis establishes rice-fish integrated farming incorporating Magur 

(Clarias batrachus) as scientifically validated, economically sustainable, and environmentally beneficial 

production system with transformative potential for Bihar's agricultural development and rural livelihoods. 

Key Findings: 

1. Productivity Enhancement: Magur-rice integration achieves 8-25% rice yield enhancement 

alongside 600-1,000 kg/ha fish production, substantially exceeding monoculture productivity 

baselines 

2. Economic Viability: B:C ratios of 2.15-2.36 with net returns of ₹2,23,750-₹3,94,750/ha demonstrate 

exceptional economic returns, outperforming rice monoculture by 175-400% 

3. Resource Efficiency: 25-35% reduction in chemical inputs, 30-40% enhancement in soil organic 

matter, and 2-3 times improvement in water productivity validate environmental stewardship 

4. Livelihood Impact: Income diversification, employment generation, and enhanced food security 

create substantial poverty alleviation and nutrition security benefits 

5. Policy Support: Government of India's PMMSY and state-specific programs provide institutional 

framework supporting technology scaling 

6. Adoption Readiness: Field investigations confirm farmer receptiveness to technology adoption with 

primary barriers being knowledge gaps and initial capital requirements—both addressable through 

targeted interventions 

Scaling Potential: 

Bihar's agricultural landscape encompasses approximately 55 lakh hectares of cultivable land, with 20-

25% (11-14 lakh hectares) suitable for rice cultivation. Even conservative adoption of 10% of rice-growing 

area (1.1-1.4 lakh hectares) for integrated rice-fish farming would: 

• Generate additional fish production of 6,60,000-8,40,000 tonnes annually 

• Create net income increment of ₹1.5-2.5 lakh crore for farming households 

• Generate 300+ million person-days of employment annually 
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• Enhance protein availability for 50+ million population units 

Implementation Pathway: 

Successful technology scaling requires coordinated action across multiple institutional levels: 

• Government: Policy support, subsidy provision, infrastructure development 

• Research Institutions: Continued evidence generation, technology refinement, capacity building 

• Extension Systems: Farmer training, demonstration, and continuous technical support 

• Private Sector: Feed industry development, fingerling production, market linkages 

• Farmer Organizations: Collective action, market interface, knowledge dissemination 
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