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Abstract
In the quest for sustainable agricultural practices, traditional wisdom often holds valuable lessons. The Agriculture 

Heritage Rice–Fish System, a time-tested agricultural approach, combines rice cultivation with the coexistence of 
fish in paddy fields. Beyond its well-known benefits for food production, recent research has unveiled an unexpected 
ecological advantage: the role of fish in mediating surface soil methane oxidation. In this article, we dive into this 
fascinating discovery and explore its implications for sustainable agriculture and environmental conservation.
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Introduction
The Agriculture Heritage Rice–Fish System, rooted in centuries-

old farming traditions, integrates rice cultivation with the raising of 
fish species, such as common carp and tilapia, in the same flooded 
fields. This mutually beneficial relationship enhances rice yields and 
provides an additional source of protein for farmers [1, 2].

Methodology
The methane challenge

Methane (CH4) is a potent greenhouse gas responsible for 
contributing to global warming. Paddy fields are known sources of 
methane emissions due to anaerobic conditions in the waterlogged 
soil. However, recent studies have shown that this traditional farming 
system may hold the key to mitigating methane emissions [3].

Fish as methane mediators

Surprisingly, research has revealed that fish play a crucial role in 
mediating methane dynamics in paddy fields. The presence of fish 
disturbs the water's surface, creating turbulence that enhances gas 
exchange between the soil and the atmosphere. This increased aeration 
results in higher oxygen availability in the surface soil layers.

Enhanced methane oxidation

The higher oxygen levels near the water's surface stimulate 
methane-oxidizing bacteria (methanotrophs), which thrive in aerobic 
conditions. These bacteria consume methane, effectively reducing 
emissions from the paddy fields. The presence of fish, therefore, 
indirectly promotes methane oxidation, mitigating its release into the 
atmosphere [4, 5].

Implications for sustainable agriculture

The discovery of fish-mediated methane oxidation in the Rice–Fish 
System has significant implications for sustainable agriculture. Farmers 
practicing this traditional method not only benefit from increased rice 
and fish yields but also contribute to reducing their carbon footprint. 
This finding aligns with modern agriculture's urgent need to address 
climate change and reduce greenhouse gas emissions.

(Figure 1)

Ecosystem services and biodiversity

Beyond methane mitigation, the Rice–Fish System exemplifies 
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the provision of multiple ecosystem services. The coexistence of rice 
and fish fosters biological diversity, with various species of aquatic 
organisms thriving in the paddy fields. This diversity contributes 
to the overall health of the ecosystem and enhances its resilience to 
environmental stressors [6].

The future of sustainable agriculture

As global agriculture faces mounting challenges posed by climate 
change and environmental degradation, the Agriculture Heritage 
Rice–Fish System offers a beacon of hope. Its harmonious blend of 
traditional wisdom and ecological innovation demonstrates that 
sustainable agriculture can mitigate greenhouse gas emissions, promote 
biodiversity, and provide food security for local communities.

Figure 1: The fishy fix to a methane-spewing crop.
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The revelation that fish mediate surface soil methane oxidation 
in the Agriculture Heritage Rice–Fish System showcases the 
remarkable synergy between traditional farming practices and modern 
environmental goals. This ancient approach not only enhances food 
production but also offers an unexpected solution to one of the pressing 
challenges of our time: methane emissions. As we look to the future 
of sustainable agriculture, the lessons from this time-tested system 
remind us that innovation can be found in the most unexpected places, 
including the watery fields where rice and fish coexist in harmony [7-
9].

The rice-fish system is a traditional agricultural practice that has 
been cultivated for centuries, particularly in Asia. This integrated 
farming method involves the co-cultivation of rice and fish in the same 
field, creating a harmonious ecosystem that not only produces food but 
also contributes to environmental sustainability. Recent research has 
unveiled an unexpected role of fish in this system: they mediate surface 
soil methane oxidation, a crucial process in mitigating greenhouse gas 
emissions. In this article, we delve into the fascinating dynamics of the 
rice-fish system and the role of fish in methane reduction.

The rice-fish system, often referred to as an "Agriculture Heritage 
System," has been practiced for over a thousand years in regions like 
China and Southeast Asia. In this method, rice paddies serve as the 
primary crop, while fish, typically various species of carp or catfish, are 
cultivated alongside the rice plants. This integrated approach provides 
multiple benefits, including increased rice yields, natural pest control, 
and enhanced nutrient cycling.

(Figure 2)

Methane emissions in rice paddies

Rice cultivation is known for its unique contribution to methane 
emissions, a potent greenhouse gas. Under anaerobic conditions, 
such as those found in waterlogged rice paddies, microbes produce 
methane during the decomposition of organic matter. This has long 
been a concern for global greenhouse gas budgets and climate change 
mitigation efforts [10].

Conclusion
Recent studies have unveiled a surprising role for fish in the rice-

fish system. It turns out that fish, as they move through the water and 
disturbs the sediment, play a significant role in oxygenating the rice 
paddy soil. This oxygenation creates aerobic conditions at the soil-
water interface, promoting the activity of methane-oxidizing bacteria 
(MOB). These bacteria consume methane, effectively reducing its 
release into the atmosphere.
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Figure 2: Fish, soil, and the battle against methane in rice–fish cultivation.
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