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Abstract— Rice-fish polyculture represents an integrated farming system that combines rice cultivation with 

aquaculture, offering a pathway to enhance agricultural resilience in tropical ecosystems. This review explores the 

historical evolution, ecological advantages, economic viability, and challenges of rice-fish systems, drawing on global 

case studies primarily from Asia and Africa. By synthesizing data from over 50 studies, it highlights how these systems 

improve biodiversity, nutrient cycling, and climate adaptability while reducing reliance on chemical inputs. 

Comparative analyses reveal increased yields, higher net incomes, and lower environmental impacts compared to 

monocultures. The article underscores the potential of rice-fish polyculture to foster sustainable food security amid 

climate change, emphasizing the need for policy support and adaptive management. 

Keywords— Rice-fish polyculture, tropical agriculture, climate resilience, integrated farming, biodiversity, 

sustainable aquaculture 

 

I. INTRODUCTION 

Tropical agricultural ecosystems face mounting pressures 

from climate variability, population growth, and resource 

scarcity. Rice, a staple crop for billions, dominates these 

landscapes, but conventional monoculture practices often 

exacerbate environmental degradation through excessive 

fertilizer and pesticide use [1]. Rice-fish polyculture 

emerges as a resilient alternative, integrating fish farming 

into rice paddies to create symbiotic systems that boost 

productivity and ecological stability [2]. This approach not 

only diversifies outputs but also enhances system resilience 

by mitigating risks associated with floods, droughts, and 

pests [3]. 

In tropical regions, where rice cultivation covers vast areas, 

incorporating fish like tilapia, carp, or prawns leverages 

natural synergies. Fish control weeds and insects, while 

their waste fertilizes rice, reducing input costs and pollution 

[4]. Historically rooted in ancient Asian practices, rice-fish 

systems have evolved into modern strategies for sustainable 

development [5]. This review examines their historical 

context, benefits, challenges, and comparative performance, 

drawing on empirical data to advocate for wider adoption in 

tropical agroecosystems. 

II. HISTORICAL DEVELOPMENT OF RICE-

FISH POLYCULTURE 

The origins of rice-fish polyculture trace back over 2,000 

years, emerging in continental Asia as communities adapted 

to wetland environments [6]. Archaeological evidence from 

Han Dynasty tombs in China reveals clay models of rice 

paddies with fish, indicating early integration [7]. In 

southern China, farmers released excess carp fry into rice 

fields during the Shang Dynasty (circa 1400-1154 BCE), 

marking the co-evolution of rice and fish farming [8]. 

By the medieval period, rice-fish culture spread across 

Southeast Asia, including Japan, Indonesia, and Thailand 

[9] [10]. In Japan, it gained prominence in the 1840s in the 

Saku basin, expanding during World War II for food 

security [11]. Similarly, in India and Vietnam, indigenous 

practices combined rice with wild fish capture, evolving 

into intentional stocking [12]. 

The 20th century saw fluctuations: post-1950s chemical-

intensive rice farming diminished traditional systems in 

China due to pesticides and planned economies [13]. 

However, economic reforms in the late 1970s revived 

interest, with farmers resuming practices for household 
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protein [14]. Globally, organizations like FAO and IRRI 

promoted rice-fish integration from the 1980s, recognizing 

its role in poverty alleviation [15]. 

In Africa, adoption is more recent, influenced by Asian 

models. Early trials in the 1950s introduced carp into rice 

fields in Madagascar and Egypt, but widespread 

implementation began in the 1990s through development 

projects [16] [17]. Today, rice-fish systems in tropical 

Africa, such as in Burkina Faso and Mali, build on these 

foundations, adapting to local climates [18]. 

This historical trajectory underscores rice-fish polyculture's 

adaptability, transitioning from subsistence to a tool for 

resilience in modern tropical agriculture [19] [20]. 

Ecological Benefits and Mechanisms 

Rice-fish polyculture fosters ecological synergies that 

enhance tropical agroecosystem health. Fish reduce pests by 

24-68%, weeds by 58-68%, and diseases like sheath blight, 

minimizing pesticide needs by up to 68% [2] [21]. In return, 

rice shades water, lowering temperatures by 2.56°C and 

boosting fish activity by 58% [2]. 

Nutrient cycling is optimized: fish excrete nitrogen and 

phosphorus, improving soil fertility and rice nitrogen-use 

efficiency by 6% [22]. This reduces fertilizer inputs by 24% 

and nitrogen losses, curbing eutrophication [23]. 

Biodiversity surges, with increased earthworm and 

arthropod populations supporting natural pest control [24]. 

In tropics, these systems mitigate environmental impacts. 

Methane emissions drop by 30% due to fish aeration, aiding 

climate goals [25]. Water quality improves via oxygenation 

and reduced organics [26]. Compared to monocultures, rice-

fish fields emit less CH4 and N2O, with 35.72% higher 

ecosystem service values [4]. 

Table 1 compares pest and weed reductions across studies: 

Study Location System Pest Reduction (%) Weed Reduction (%) Reference 

Xie et al. (2011) China Rice-Fish 24 (Planthoppers) 58-68 [2] 

Wan et al. (2019) Thailand Rice-Fish 24.07 (Herbivores) 68 [21] 

Cui et al. (2023) Indonesia Rice-Fish 12 (Insects) 58 [22] 

Ibrahim et al. (2021) Africa Rice-Fish 20 (Pests) 50 [58] 

 

These mechanisms position rice-fish polyculture as a 

cornerstone for tropical ecological sustainability [27]. 

Economic Viability and Social Impacts 

Economically, rice-fish systems outperform monocultures, 

yielding 4-25% higher rice and 400-600 kg/ha fish, with net 

returns 45-270% greater [28] [29]. In Bangladesh, incomes 

rise 9-132% [30]. Diversification buffers risks, with BCRs 

up to 2.09 [31]. 

Socially, it bolsters food security by providing protein, 

reducing malnutrition [32]. In rural tropics, it empowers 

women through diversified labor and generates 

employment [33]. Health benefits include lower mosquito-

borne diseases via fish predation [34]. 

Table 2 Outlines economic comparisons: 

System Net Return (USD/ha) BCR Region Reference 

Rice Monoculture 290-550 1.0-1.2 Bangladesh [35] 

Rice-Fish (Low Input) 844-1142 1.5-2.0 China [28] 

Rice-Fish (High Input) 2634 2.03 Vietnam [29] 

Rice-Shrimp 2120 1.8 Indonesia [36] 

These gains make rice-fish polyculture vital for tropical livelihoods [37]. 

 

Challenges in Implementation 

Despite benefits, challenges persist. High initial costs for 

field modifications deter adoption [38]. Water scarcity in 

drier tropics limits viability [39]. Pests and diseases require 

careful management, as excessive fish density can harm rice 

[40]. 

Technical knowledge gaps hinder success; farmers need 

training [41]. Climate extremes like floods erode fields [42]. 

Market access for fish remains limited in remote areas [43]. 

Policy barriers include inadequate subsidies and regulations 

favoring monocultures [44]. In Africa, land tenure issues 

complicate scaling [45]. 
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Addressing these through extension services and incentives 

is crucial [46]. 

Case Studies from Asia and Africa 

In China's Qingtian terraces, rice-fish systems sustain yields 

with low inputs for over 1,200 years, reducing pests 

naturally [2]. In Vietnam's Mekong Delta, rice-shrimp 

alternations boost incomes by 50% amid salinity intrusion 

[47]. 

In Bangladesh, community-managed systems yield 1-2.25 

t/ha fish alongside rice, enhancing nutrition [29]. 

Indonesia's minapadi system integrates carp, yielding 12% 

more rice [48]. 

In Africa's Burkina Faso, trials show 6% fish growth 

increases and 300 USD/ha higher net income [49]. Mali's 

systems improve soil fertility, yielding 300-600 kg/ha fish 

[45]. Kenya's Lake Victoria basin adapts tilapia, boosting 

resilience [50]. 

These cases illustrate adaptability across tropics [42]. 

Table 3 compares yields 

Region Rice Yield Increase (%) Fish Yield (kg/ha) Reference 

China 4.14 400-600 [22] 

Vietnam 12 600-800 [43] 

Bangladesh 4-25 750-2250 [28] 

Africa (Mali) 6 300-600 [45] 

 

Climate Resilience in Rice-Fish Systems 

Rice-fish polyculture enhances resilience to climate 

stressors. In flood-prone areas, fish survive inundation, 

providing income when rice fails [51]. Drought-tolerant 

designs with refuges maintain production [39]. 

Reduced emissions (30% less methane) and carbon 

sequestration via improved soils mitigate warming [52]. 

Biodiversity buffers shocks, with fish aiding recovery post-

extremes [53]. 

In Cambodia's Tonle Sap, systems increase yields by 57% 

and resilience scores [54]. Nigeria's northern regions report 

132% income gains amid variability [55]. 

Table 4 compares resilience metrics 

Metric Monoculture Polyculture Improvement (%) Reference 

Yield Stability Low High 20-30 [1] 

GHG Emissions High Low 30 Reduction [25] 

Water Use Efficiency Moderate High 25 [56] 

Income Resilience Variable Stable 50-132 [30] 

These attributes make rice-fish systems ideal for tropical climate adaptation [57]. 

 

III. CONCLUSION 

In the crucible of tropical agriculture, where climate 

volatility, soil depletion, and burgeoning populations 

converge to threaten food sovereignty, rice-fish polyculture 

stands as a profound testament to human ingenuity and 

ecological harmony. This integrated system, far from a mere 

farming technique, embodies a regenerative ethos that 

bridges ancient agrarian wisdom with the imperatives of 

modern sustainability. From the mist-shrouded terraces of 

China's Qingtian County, where these practices have 

endured for over 1,200 years, to the sun-baked paddies of 

Burkina Faso and the monsoon-swept deltas of Vietnam, 

rice-fish polyculture weaves a resilient fabric capable of 

withstanding the tempests of global change. It transforms 

vulnerability into vitality, turning flooded fields into 

bountiful havens and drought-scarred lands into oases of 

dual harvest. 

At its core, the system's brilliance lies in symbiosis: rice 

plants arch gracefully over shallow waters, their roots 

ensnaring nutrients while providing dappled shade that 

tempers the relentless tropical sun, cooling waters by up to 

2.56°C and invigorating fish metabolism. In reciprocity, 

species like tilapia, common carp, and prawns become 

vigilant guardians, devouring pests and weeds with an 

efficiency that slashes chemical pesticide reliance by 68% 

and herbicide needs by 58-68%. This biological ballet 

extends to nutrient dynamics, where fish excretions—rich 

in nitrogen and phosphorus—supercharge soil fertility, 
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elevating rice nitrogen-use efficiency by 6% and curtailing 

fertilizer inputs by 24%. The result? A virtuous cycle that 

not only boosts rice yields by 4-25% and delivers 300-2,250 

kg/ha of protein-packed fish but also amplifies biodiversity, 

summoning earthworms, arthropods, and microbial allies to 

fortify the ecosystem against collapse. 

Economically, rice-fish polyculture is a bulwark against 

precarity. Net returns surge 45-270%, with benefit-cost 

ratios climbing to 2.09, offering smallholders a diversified 

income stream that buffers against crop failures or market 

slumps. In Bangladesh, households report 9-132% income 

uplifts; in Mali, an additional 300 USD/ha materializes from 

fish sales alone. This financial fortitude cascades into social 

upliftment, fortifying food security with accessible, 

nutrient-dense proteins that combat stunting and 

micronutrient deficiencies afflicting millions in rural 

tropics. Women, often sidelined in monoculture drudgery, 

find agency in multifaceted roles—from fingerling stocking 

to market bargaining—while communities coalesce around 

shared ponds, fostering social cohesion and slashing 

mosquito populations through predatory foraging, thereby 

curbing malaria's toll. 

Yet, resilience is no panacea without confronting 

headwinds. Initial infrastructural hurdles, such as dike 

reinforcements or refuge trenches, exact upfront costs that 

daunt resource-poor farmers. Water scarcity in semi-arid 

zones, knowledge voids in fish husbandry, and policy biases 

toward chemical-intensive monocrops erect barriers to 

scale. Floods erode bunds, while tenuous fish markets in 

remote hinterlands undermine viability. Case studies 

illuminate antidotes: Vietnam's adaptive rice-shrimp 

rotations defy salinity surges, yielding 50% income gains; 

Kenya's tilapia integrations around Lake Victoria enhance 

post-flood recovery. These narratives underscore the 

imperative of tailored interventions—farmer field schools, 

microfinance for pond retrofits, and subsidies that 

incentivize polyculture over extractive paradigms. 

Looking horizonward, rice-fish polyculture heralds a 

blueprint for climate-smart agriculture. By aerating 

sediments and pruning methane emissions 30%, it aligns 

with Paris Agreement ambitions, sequestering carbon in 

revitalized soils while honing water-use efficiency by 25%. 

Yield stability soars 20-30%, and income resilience holds 

firm amid extremes, as evidenced in Cambodia's 57% 

productivity leaps. In Nigeria's north, 132% gains amid 

erratic rains affirm its adaptive prowess. To unlock this 

potential, stakeholders must converge: governments to 

enact land-tenure reforms and extension networks; NGOs to 

seed pilot hubs; researchers to breed climate-hardy strains. 

International bodies like FAO can amplify through 

knowledge exchanges, ensuring equitable diffusion across 

the Global South. 

Ultimately, rice-fish polyculture transcends production 

metrics; it reimagines human-nature relations in tropical 

heartlands. It invites us to cultivate not just crops, but 

covenants—with the land that sustains, the waters that 

nourish, and the communities that steward. In an era where 

monocultures sow seeds of fragility, this polycultural 

paradigm harvests hope: diverse, durable, and deeply 

rooted. By embracing it, tropical ecosystems—and the 

billions they cradle—can flourish, turning peril into 

prosperity, scarcity into surplus, and uncertainty into 

enduring abundance. The paddy, once a solitary stage, 

becomes a symphony of life, echoing the timeless rhythm 

of resilience. 
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