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Abstract

Integrated Rice Fish Systems (IRFS) offer a viable substitute for rice monoculture.
They efficiently use the rice field ecosystem’s inherent productivity and available
resources to provide the farming community with better economic and nutritional gains.
IRFS adoption remains poor in Eastern India, despite favorable geographic conditions,
natural resource availability, traditional knowledge, necessity for economic growth, and
preference of rural communities for a rice and fish-based diet. To investigate whether
agroecology (AE) could accelerate an IRFS-based transition towards food and
nutritional security (FNS), this review of 194 scientific articles on IRFS from 2004 to
2024 documented the AE traits of IRFS and their relevance to addressing FNS. The
current IRFS of Eastern India were assessed, first through a rapid review process to
identify their qualitative traits consistent with AE. Next, we evaluated IRFS’ impact on
FNS. In total, IRFS has shown 52 traits relevant to AE principles and that address FNS.
Among 13 AE principles, seven have been considered primary impact creators of FNS.
Impact may be accelerated with strategies such as crop diversification, mixed crop-
livestock systems, and farmer-to-farmer networks. Fish play a significant role in IRFS
by preserving ecological and socioeconomic equilibrium, supporting livelihoods,
income, and community engagement. In Eastern India, an analysis of five distinct IRFS
types identified qualitative features that could support a maximum of 10 relevant AE
principles, but for which pertinent empirical evidence was lacking. Although IRFS could
potentially boost smallholder income, FNS, and overall productivity, Eastern India
would need to address seven significant challenges, including initial investment costs,
vulnerability to natural disasters, hilly terrain, loss of indigenous fish varieties,
environmental impacts of inputs, land-use change, limited technical knowledge and
financial constrains among the farming communities. AE frameworks can support
scaling up IRFS adoption and diffusion through a holistic approach to performance
evaluation and creating appropriate strategies and guidelines.

KEYWORDS

Ecosystem, Rice fish productivity, Agroecological principles, Agroecological transition,
Food security.



1. Introduction

The United Nations (UN; Declaration, 1996) defines global food security as all people
having “physical and economic access to sufficient, safe and nutritious food that meets
their food preferences and dietary needs for an active and healthy life.” Rice has long
been regarded as the most crucial crop for ensuring food and nutritional security (FNS)
for the people of India (Verma et al., 2021). India is one of the leading producers of
rice, with a production capacity of 100 million metric tons per year (Sathoria and Roy,
2022). More production may be required to feed India’s rapidly growing population,
which is predicted to reach 1.522 billion by 2036 (Chandramouli, 2011). The growing
use of chemical fertilizers and pesticides to increase rice productivity may not provide
FNS because it poses serious threats to the environment, the economy, human health,
and nutrition (Khumairoh et al., 2021; Stadlinger et al., 2018; Kathiresan et al., 2020;
Datta et al., 2016, Kaushal and Prashar, 2021; Liu et al., 2019; Swaminathan and
Kesavan, 2012). At the same time, the higher cost and limited access to sustainable
inputs in India hinders the transition to sustainable farming practices (Paul et al., 2023).

Integrated Rice Fish Systems (IRFS) have been recognized as a viable way to
enhance rice production in an environmentally sustainable manner while concurrently
generating fish as a secondary crop (Wang et al., 2024; Lansing and Kremer, 2011).
This makes IRFS a highly effective economic model for small and marginal farmers
(Niyaki and Allahyari, 2011; Mariyono, 2024; Ahmed and Turchini, 2021; Jiao et al.,
2023; Zheng et al. 2025). Recently, IRFS have gained attention as a promising
approach to advance the agroecological transition in India and ensure FNS (Bisht et
al., 2022). IRFS demonstrate the potential to contribute to the optimal use of natural
resources, poverty alleviation, income generation, and environmental sustainability
(Yuan et al., 2022; Wang and Gao 2017; Rautaray et al., 2005; Yifan et al., 2023;
Sathoria and Roy 2022). The 1500-year-old IRFS heritage has been preserved in
some of India’s north-eastern states (Assam, Arunachal Pradesh, Nagaland, Manipur,
Meghalaya, Tripura, and Mizoram), eastern states (West Bengal and Odisha), and one
south-eastern state (Andhra Pradesh). These IRFS combine traditional and scientific
methods tailored to diverse landscapes (Halwart and Gupta 2004; Sathoria and Roy
2022). Farmers in these zones practice aquaculture by raising fish in low-lying paddy
fields, significantly contributing to FNS and holistic development (Sinhababu and
Poonam 2022). Despite aquaculture’s benefits, the adoption rate of IRFS in Eastern
India remains low due to several challenges and issues that have emerged over the
past two decades. Low IRFS adoption may result from high initial investments needed
to build infrastructure, the vulnerability of low-lying areas to flooding, and limited
technical knowledge. Social unrest and out-migration of rice-fish farmers to urban
areas have also been considered as some of the important challenges. Moreover,
many IRFS zones are currently facing negative impacts from the increasing
commercial demand for rice and fish. These conditions are pressuring farmers to adopt
more easily operable and productive chemical input-based agricultural methods over
IRFS practices, which poses a threat to sustainability (Brahmanand et al., 2009;
Mandal et al., 2021; Asada et al., 2022).

India continues to experience a significantly higher rate of malnutrition compared to
other modern countries with similar economic growth. Addressing the public health
issue of undernutrition will require future efforts to focus on the quality of a nutritious
diet (Mandal et al., 2024). In this context, ensuring access to a sufficient and healthy
diet has become an increasingly critical aspect of policy-making (Divakar et al., 2024).
Fish offers numerous health and nutritional benefits (Thilsted et al., 2016), while rice



serves as an essential and reliable dietary staple food (Debnath et al., 2018). Together,
these two foods could play a pivotal role in combating FNS challenges in India
(Samaddar et al., 2025b). When combined, rice and fish are unparalleled in their
nutritious value and their favorable effects on FNS, as demonstrated in India and many
other South Asian nations (Yi 2019; Samaddar et al., 2025b; Freed et al., 2020a;
Sathoria and Roy 2022). Therefore, parallel to the rice-based food system’s
productivity enhancement, Indian researchers and policymakers are now
concentrating on improving the nutritional gain to humans (Ge et al., 2023; Wan et al.,
2019).

The potential of fish to alleviate hunger, malnutrition, and poverty is indicated by the
rising demand for it as a nutrient-dense superfood in India (Padiyar et al., 2024). In
many regions of Eastern India, the combination of both rice and fish thus offers a
potential solution for dealing with FNS (Samaddar et al., 2025b; Sathoria and Roy
2022; Saikia 2024). Sustainable agricultural growth for human FNS can be achieved
through agroecology (Prost et al., 2023), which integrates ecological processes,
environmental considerations, public health, and well-being (D’Annolfo et al., 2017;
Wezel et al., 2014). Agroecology has gained prominence as a scientific and policy
approach to reforming food systems—applicable at the field, farm, and entire food
system levels (Phong et al., 2010; Wezel et al., 2009). To evaluate the AE performance
of a food system, the Food and Agriculture Organization (FAO) established 10
standardized elements, based on recommendations from a High-Level Panel of
Experts (HLPE). The panel further developed 13 principles, which are a consolidated
version of FAQO’s elements (Wezel et al., 2020; HPLE, 2019). The principles can be
used for designing and implementing agroecosystems based on sustainable farming.
Their adoption provides beneficial effects on the health of the ecosystem and humans,
thereby addressing the FNS of smallholder farm households (Herrero et al., 2017; Kerr
et al., 2021).

The National Mission on Natural Farming (NMNF) and various regional initiatives drive
AE transitions in India. Among these, the Andhra Pradesh Community Managed
Natural Farming (APCNF) initiative sets a standard for holistic development by
prioritizing FNS (Jaacks et al., 2023). APCNF promotes IRFS alongside other farming
methods, demonstrating promising AE impacts (Dorin 2022). These initiatives have
garnered interest from international organizations such as the FAO and CGIAR,
focusing on environmental and social issues within food systems (Dorin 2022). These
efforts align with the agendas of the UN (HPLE, 2019) and the Intergovernmental
Panel on Climate Change (Ogunbode et al., 2020). They enhance FNS, promoting
knowledge about the AE characteristics of farming systems (Kerr et al., 2021).
Subsequent reviews have explored the effects of organic agriculture and diversified
farming systems on FNS, yields, and other ecosystem service outcomes (Powell et
al.et al., 2015; Reganold and Wachter 2016; Selvan et al. 2023; Sibhatu and Qaim
2018). Agroecological farming could have similar or even more positive effects on FNS
(Kerr et al., 2021; Wezel et al., 2020). Therefore, IRFS could serve as a promising
model for agroecology (D’Annolfo et al., 2017; Freed et al., 2020a). Its AE assessment
has not yet been completed, despite its 37.9% greater efficiency in addressing
ecosystem service-related concerns as compared to Rice Monoculture Systems
(RMS) (Liu et al., 2020).



This review investigates the evidence for IRFS-based farming to determine if
agroecology can enhance FNS. Eastern Indian IRFS could serve as a valuable starting
point for addressing this knowledge gap. IRFS-based AE movements could draw on
existing traditional IRFS-based food systems developed by Indigenous people in this
region—people with local knowledge and resources (Gogoi et al., 2015; Sathoria and
Roy 2022; Sinhababu and Poonam 2022). The three main aims of this study are (1) to
align the relevant characteristics of IRFS with AE principles, (2) to understand the
impact of IRFS on the FNS of rural communities under an AE framework, and (3) to
evaluate the AE properties of Eastern Indian IRFS by qualitatively assessing their
contribution to local FNS.



2. Methods

2.1. Search methodology and inclusion criteria

A rapid review methodology supported evidence-based decision-making in the
development and management of rice-fish culture systems. Initially, we searched and
evaluated published articles to identify the IRFS qualitative characteristics that align
with the agroecology (AE) concept. Following this initial article selection and evaluation
process, the focus shifted to the second study aim, locating literature within the AE
framework that examines or establishes the impact of diverse farming systems,
including IRFS, on FNS in rural areas. This search also supported the investigation of
potential avenues for qualitatively assessing the capacity of IRFS to deliver FNS
through AE. Efforts were then directed towards the third aim, identifying AE IRFS-
based evidence from India (Figure 1a).

a. Identified IRFS locations in Eastern India evaluated in the study (point symbols denoted in red).
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Figure 1. Overview of article sources considered in this study.

Our search sought to recognize key barriers to developmental strategies. During this
final search, related stresses and mitigation strategies for IRFS in Eastern India were
also considered. The detailed process is illustrated in Figure 1b.

Following the procedures outlined by Kerr et al., (2021), a list of search terms was
created by reviewing the abstracts of relevant publications. We evaluated pertinent
systematic reviews and databases. The following terms were used while searching the
primary database: “paddy farming” OR “rice fish co-culture” OR “rice farming/culture”
OR *“aquaculture” OR “integrated aquaculture” OR “integrated rice-fish farming” OR
“agroecology” OR “agroecological farming” OR “agroecological aquaculture” OR
“agroecological rice” OR “The alignment of agroecological principles with rice/fish/rice
fish co-culture” OR “rice fish ecosystem” AND “food security” OR “nutritional security”
OR “rural areas” OR “impact of IRFS on FNS” OR “food security through rice farming”
OR “food security through fish farming and IRFS of Eastern India” OR “ecosystem
services” OR “socioeconomic impacts of Eastern Indian IRFS” OR *“types or
agroecological features of Eastern India IRFS”. Relevant articles were identified
through bibliographic databases such as Scopus, Web of Science, and AGRIS, as well
as from the official websites of the Government of India, the Food and Agriculture
Organization of the United Nations (FAO), CGIAR, and peer-reviewed journals
accessible via platforms like SpringerLink, ScienceDirect, and Wiley Online Library.
The initial set of inclusion criteria for publications considered publication dates from
January 2004 to August 2024. We also used search term definitions to guide the
criterion listed in Table 1. Along with inclusion criteria, exclusion criteria for literature
were also established. After developing the screening process, abstracts were
selected for full-text evaluation. Procedures were implemented to identify and extract
pertinent information. We were able to find more publications that we had overlooked
by doing impromptu exploratory searches on Scopus and perusing the reference lists
of all pertinent articles that our original search yielded.
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Criteria for inclusion | Criteria for exclusion

1. Published from January 2004 to August 1. Articles published outside of January 2004 to August
2024 2024 date range
2. Involves IRFS-based evidence 2. Does not include practices that have links to HLPE'’s
agroecological principles
3. Includes agroecological farming systems 3. Molecular biological techniques and  assessments.
4. Reports on human nutrition or food 4. Non-human subjects.
5. Articles of farming system’s performance 5. Nonassessable full text or not in the English
assessment language
6. Farmer adopted IRFS-based evidence from
Eastern India
7. Academic book, dissertation/thesis, peer-
reviewed article, if it is gray literature, then
from a reliable source (reputed institutions).

Table 1: Inclusion and exclusion criteria of review protocol.

2.2. Data processing and analysis

We reviewed a total of 194 peer-reviewed scientific publications. For the first objective,
the positive and negative IRFS-based impact-creating traits or parameters were
identified in connection to the AE principles (Wezel et al., 2014). The principal or
secondary traits or parameters, based on the AE principles (HPLE, 2019), were
classified according to their IRFS-based attributes. For the second objective, Wezel et
al.’s (2020) descriptive approach was employed to investigate the direct or indirect
effects of the IRFS-inspired AE principles on FNS. For the third objective, AE principles
in connection with the FNS were assessed among the Eastern Indian IRFS, as were
the challenges and mitigation strategies employed in these IRFS (Figure 2).

Aquaculture 12
5 Science of the Total Environment
Agriculture, ecosystems & environment
Sustainability | EE——S—
Natural Resources Forum | E_____—__—
0 Frontiers in Sustainable Food Systems |
Scientific Reports |u_—————
Indian Journal of Agricultural Sciences |EEG_—_—-—_——N
Environmental Science and Pollution Research | NESSS——— 4
15 Agronomy for P! 4
Agricultural Research |NESSE—_—_—_—
Sustainability Science |E—— 3
Proceedings of the National Academy of Sciences |JEE—_G—_-_
10 NRRI Research bulletin |—m—"80 3
Indian Journal of Agronomy [N 3
Food Policy jmmmm— 3
Agronomy |
5 Ocean & Coastal Management NN 2
Nutrient Cydling in Agroecosystems [
Environmental Pollution jmm— 2
I I Environment, Development and Sustainability i 2
0 Ambio j—
1?\ & Qb@ Q“ ’&Q ‘\9\ \\\ “\‘» Q\ Q\5~ Q\ Q\b Q\ -,\\\ &\ \@‘& 1,\\‘\:"\ Q’\:\ ,é\} Agricultural Water Management jm— >
v

a: Number of IRFS articles published b: Number of articles published between 2004 ¢
between years 2004 and 2024 2024 by journal, with at least two IRFS artic

Figure 2. Overview of article sources considered in this study.



3. Results

Figure 2a depicts the number of articles published per year, demonstrating that the growth rate
of academic publications related to rice-fish co-culture seems to be exponential since 2014
(Figure 2a). We found that 194 articles were published based on our search criteria.

Researchers published the selected articles on rice-fish co-culture in 102 different journals
(Figure 2b). Cumulatively, 22 journals publish close to 53% of articles. The journal Aquaculture
stands out as the title with the largest number of published articles. The predominance of
articles published in aquaculture- and environment-focused journals suggests research
orientation toward practical implementation and applied outcomes, rather than purely
ecological or theoretical investigations.

3.1. Aligning IRFS attributes with agroecological principles

Relevant IRFS attributes were identified for each of the 13 AE principles (HPLE, 2019).
These include ecological and socioeconomic attributes (Figure 3).

Ncycle A
Rice Dietary Importance
coyele |} wReoyoting | ) ) | ]
diversity - Commercia
Reduced human
labors

Product |vlty'

Scientific
(viii) Co-creation of upgradation Financial gain
[Adoption JN[__Localdemand ]
i oS fice &
_ _ Local diet
ix) Social m High yielding rice &
& diet Livel'hnod fish varieties
Direct access to Local demand
[ (x) Fairness. food i
ing strategy
ccess to farmin;
(i) C ivi

Local diet

Beneficial
microbiota in

Local market Value chain

(xil) Land & natural Feasible m

Productivity Farming efficiency

<@@O —0 O ® O =

[(xiii} Participation Profitability Capacity Buildin; g]
stakehulder s

participatiol

Demand

Figure 3. Aligning IRFS characteristic features with AE principles.

Within the IRFS literature, the AE principles of recycling, input reduction, soil health, animal
health, and biodiversity were found to primarily relate to the ecosystem. Their interaction
supports ecological synergy. In terms of the socioeconomic characteristics of an agrifood
system, this literature prioritizes the following agendas: social movements, income generation,
and FNS. These topics relate to the AE principles of economic diversity, co-creation of
knowledge, social movements and diet, fairness, connectivity, participation, land, and natural
resource governance. We identified the attributes that were pertinent to AE principles and
separated them into primary and secondary categories. Secondary attributes were determined
to be primarily responsible for establishing impact over selected AE principles through the
primary attributes or by supporting the primary attributes. Primary attributes were picked for
their direct ability to create impact on the targeted AE principles. The AE principles and relevant
attributes are explained in the next section, with primarily attributes in bold font. Secondary
attributes are in combined bold and italics.

3.1.1. Recycling

IRFS recycle nutrients efficiently (Phong et al., 2010; Xu et al., 2022). These include carbon
(C) cycling and sequestration and the recycling of nitrogen (N), phosphorous (P), and
potassium (K) (Xu et al., 2022; Chen et al., 2024; Oehme et al., 2007). These four nutrient
cycles account for the primary flow of nutrients and energy in IRFS environments (Wei et al.,
2019) (Figure 4). Higher C sequestration and the growth of aerobic microorganisms in the soil
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illustrate higher nutrient recycling in IRFS as compared to RMS (Xu et al., 2022; Bhattacharyya
et al., 2022; Stockmann et al., 2013; Wei et al., 2019). Additional improvement in nutrient
recycling efficiency appears to be achievable with the judicious application of supplemental
nutrient-rich inputs (fish feed, fertilizers, etc.) to enhance the production of both rice and fish
with higher profitability (Goda et al., 2024; Halwart and Gupta 2004).

! i

v
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© é g 0, By M i Biodiversity
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Figure 4: Important ecological factors and mechanisms involved in an integrated rice fish
farm environment

3.1.2.Input reduction

In IRFS, efficient nutrient recycling and enhancing soil fertility improves the abundance of total
oxidizable organic C, as well as phosphorus, potassium, and nitrogen (Bhattacharyya et al.,
2013; Feng et al., 2021; Liu et al., 2024). Nitrogen recycling is mainly responsible for reducing
the need for chemical fertilizers as compared to RMS (Xie et al., 2010, 2011; Liu et al., 2024;
Yassi et al., 2023). The nutrient recycling and soil fertility properties of IRFS also boost
planktonic assemblages and substantially reduce the need for supplementary fish feed as
compared to conventional aquaculture farms (Frei and Becker 2005; Billah et al., 2020). IRFS
also sustain fish and rice production efficiently by significantly reducing the need for
supplemental nutrients (feed and fertilizers), pesticides, herbicides, and human labor (Ahmed
et al.,, 2011). Rice-fish farming generated on average 38% higher net revenue than rice
monoculture across all countries combined (Yifan et al., 2023).
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3.1.3. Soil health

IRFS can increase soil fertility levels and other ecosystem functions, primarily through C
sequestration (Li et al., 2024; Zhang et al., 2023; Nayak et al., 2024). The system demonstrates
significant improvements over RMS, in terms of higher C sequestration and oxygenation in soil
through optimum use of organic inputs (e.qg., fertilizers, compost, manures, etc.) (Nayak et al.,
2018; Guo et al., 2020; Mohanty et al., 2009). IRFS practices were also found to be responsible
for the growth of beneficial microbes in soil (Li et al., 2024; Nayak et al., 2024; Ren et al.,
2023). In addition, aerobic microbes are found to enhance soil health by accelerating urease,
cellulase, Phosphorylase, and B-glucosidase activity (Liu et al., 2024; Bihari et al., 2015).
However, results may differ according to geography, environment, and the practices applied.
Nevertheless, the physicochemical characteristics of the soil are expected to improve
alongside biological indices facilitated by the beneficial microorganisms in IRFS (Hou et al.,
2024).

3.1.4.Animal health

Fish gut microbiota is crucial for better immunity, disease prevention, and overall health (Tao
et al., 2022). In IRFS, autonomous assemblages of beneficial microbes positively influence
the health of numerous aquatic organisms with commercial importance. The presence or
absence of these microbes could serve as key indicators for fish health and immunity (Tao et
al., 2022; Huang et al., 2023). Furthermore, IRFS can improve aquatic animals’ general health
by reducing their assimilation of harmful metals, antibiotics, and carcinogens (Mo et al., 2022;
Ning et al., 2022; Duan et al., 2022). Recent observations have shown that IRFS habitats can
boost the adaptation capacity of common carp (Cheng et al., 2023, 2024).

3.1.5. Biodiversity

The biodiversity of soil microorganisms could serve as a primary indicator of IRFS ecosystem
health and functioning (Herlambang et al., 2021; Myo et al., 2024; Ren et al., 2023). Microbial
biodiversity studies reveal Proteobacteria, Chloroflexi, Actinobacteria, Nitrospirae,
Bacteroidetes, Chlorobi, Cyanobacteria, Campilobacterota, Verrucomicrobia, Firmicutes, and
Verrucomicrobia to be the dominant microbial phyla of diverse IRFS (Arunrat and
Sereenonchai, 2022; Tao et al., 2022; Zhao et al., 2021; Duan et al., 2022; Huang et al., 2023)
(Figure 4). Soil microbial functioning can boost nutrient availability in IRFS ecosystems (Zhao
et al., 2021). Furthermore, nutrient exchange from soil to water (Uwimana et al., 2022) can aid
in improving planktonic assemblages in IRFS (Ahmed et al., 2022; Saikia and DN, 2008). The
dominant planktonic groups in IRFS-based settings are Chlorophyceae, Cyanobacteria,
Cladocerans, Copepods, and Rotifers (Bashir et al., 2020; Saikia and Das, 2015; Saikia 2024).
Adequate planktonic abundance allows indigenous aquatic vertebrates and invertebrates to
flourish, including commercially significant Cypriniformes, Siluriformes, Crustaceans,
Gastropods, and Amphibians as reported from various locations (Lu and Li 2006; Dey et al.,
2013; Freed et al., 2020a).

3.1.6. Synergy

IRFS can foster a synergistic ecosystem, encouraging favorable interactions between soil,
water, animals, and crops (Zhang et al., 2023). The presence of fish can increase soil and
water fertility and O2 levels in the water (Guo et al., 2022), thereby encouraging microbial
density and metabolic rate in the rhizosphere and soil (Ren et al., 2018), which helps in
improving the primary productivity of paddy fields’ water in IRFS. These processes increase C
sequestration, while improving better gas and nutrient exchange (Wei et al., 2019).
Furthermore, the introduction of fish into paddy fields has been found to address several
environmental management issues, including weed and pest control (Stadlinger et al., 2018;
de Sousa et al., 2012). IRFS can also reduce CO2, CH4, and N20 emissions from paddy fields
(Feng et al., 2021; Datta et al., 2009; Frei et al., 2007; Wang et al., 2024; Cui et al., 2023;
Bashir et al., 2020; Paramesh et al., 2022; Sun et al., 2021). However, the quality
(species/variety) and quantity of rice and fish determine how well synergy functions (Hu et al.,
2022). Fish and aquatic animals’ feeding behavior, and other morphological and physiological
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behavior, play a crucial role (Clasen et al., 2018; Fan et al., 2017). However, creating efficient
synergy in IRFS requires the appropriate biomass and diversity of aquatic animals (Jia et al.,
2023; Lv et al.,, 2020; Yang et al, 2022; Chand et al., 2006; Zhang et al., 2024).

3.1.7.Economic diversification

Recent studies indicate integrated farming systems can balance the prudent use of resources
with significant economic benefits for farmers (Das et al., 2019, 2014). This is particularly true
for IRFS-based interventions that require minimal labor and costs to produce indigenous rice
and fish varieties with strong local demand (Li et al., 2021; Lu and Li 2006). Additionally, the
use of genetically modified or hybrid fish and rice varieties in IRFS has fostered economic
diversification away from RMS, yielding reasonable profits and enhanced livelihood
opportunities (Inayat et al., 2023; Saikia 2024). However, in IRFS, enhanced plant and aquatic
animal biodiversity could lead to economic sustainability by improving primary productivity,
allowing enhanced biomass. IRFS enhance the dietary diversity of commercially important
aquatic organisms, creating better economic opportunities than RMS (Li et al., 2021; Ahmed
and Garnett 2011). Furthermore, researchers discovered that IRFS balance enrichment of
beneficial organisms (such as soil microorganisms, planktons, aquatic vertebrates, and
invertebrates), maintaining stability and increasing yield and economic gain (Ahmed et al.,
2021).

3.1.8.Co-creation of knowledge

One important aspect of the consolidated AE principles is that, although they are stated
broadly, they are implemented locally. In practice, agroecological practices are appropriate
according to the specific conditions of each place (Sinclair et al., 2019). In this sense, the co-
creation of knowledge is crucial for establishing locally adapted practices. The practices
embrace fair participation of a variety of stakeholders, especially farmers with their local
knowledge (Sinclair et al., 2019). Improving farming practices to address pressing challenges
is a key area of knowledge co-creation (Triste et al., 2018). Productivity, financial benefit, and
local demand for fish and rice motivate integrated rice fish system-based knowledge co-
creation that can support their adoption (Syaukat and Julistia, 2019; Niyaki and Allahyari, 2011;
Bosma et al., 2012; Bai et al., 2024; Ahmed and Garnett, 2011; Islam et al., 2015). Integrated
rice fish system-based knowledge co-creation also improves when stakeholders develop a
precise understanding of existing scenarios (technical and social) (Feng et al., 2016;
Sinhababu and Poonam, 2022). Enhancements in productivity, financial gains, and local
demand for specific rice and fish varieties have been shown to hasten the adoption of
integrated rice fish system-based farming practices (Islam et al., 2015), where knowledge
transfer between farmers may be heightened (Liu et al., 2016).

3.1.9.Social values and diets

Natural resource availability influences the human diet and is, in turn, influenced by
topography, seasonality, and climate (Muhammad and Khan 2021). Their significant role in
shaping a particular landscape-based agroecosystem is undeniable (Altieri et al., 2012). The
natural resource context can influence local diet and nutrition (Stratton et al., 2020). IRFS
implementation is also subject to these influencing factors; dietary preferences for rice and fish
largely rely on their local availability and/or climatic resilience, which may vary with the
environmental conditions (e.g., hilly terrain, flood plains, etc.) (Berg et al., 2012; Nguyen et al.,
2018). The long-term practice of IRFS can also influence local diet and livelihoods through
indigenous, high-yielding rice and fish varieties (Sathoria and Roy 2022; Sinhababu and
Poonam 2022). Outperforming RMS in resource use, diversity, productivity, and the quality and
quantity of the food produced, IRFS significantly contribute to increased food production (Frei
and Becker, 2005; Ahmed and Garnett, 2011). Mirhaj et al. (2013) documented a significant
rise in incomes and sustainable economic growth among farming households through rice fish
and prawn farming in southeast Bangladesh. In India, the positive role of IRFS in offering a
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local diet and economic growth could be seen in Ziro Valley, Arunachal Pradesh (Samaddar et
al., 2025b). IRFS have gained recognition for providing FNS (Garaway et al., 2013).

3.1.10. Fairness

The literature lacks information about how engaging relevant stakeholders in IRFS-based food
systems affects livelihoods. However, studies suggest that IRFS primarily rely on direct links
between producers and consumers, succeeding when extensive practices allow direct
community access to food products (Freed et al., 2020a; Sathoria and Roy, 2022; Belton et
al., 2020). With more commercial approaches and increased production levels of rice and fish,
the entry of intermediaries could be found to create some adverse effects on IRFS-based food
system networks, such as price increases in Bangladesh (Sunny et al., 2021). More evidence
is required to be generated to develop a pertinent database for those and case studies are
needed to understand how local demand and marketing strategies—such as the community’s
indirect access to fish and rice due to the involvement of intermediaries in the food chain—
could challenge fairness in an IRFS-based food system.

3.1.11.Connectivity

Among AE principles, researchers describe connectivity in terms of closeness and confidence
between producers and consumers (HPLE, 2019). The primary drivers of connectivity in IRFS
were identified as: access to adequate landscapes; access to necessary agricultural resources
(fish, rice fields, water, etc.); availability of inputs; local demand for rice and fish; and presence
of local marketplaces, which are regulated by a local diet- and product-based value chain (rice
and fish). The interdependence of each of these factors influences FNS and the economic
growth outcomes of IRFS (Wang and Gao 2017; Freed et al., 2020a; Ray and Chakraborty
2021; Sathoria and Roy 2022).

3.1.12. Land and natural resource governance

Sustainable land management can mitigate the effects of climate change. Land can act as a
carbon sink, absorbing carbon dioxide and storing carbon in woody biomass and soils (Norbu
et al., 2008). Integrated rice fish farming system can be an effective model for the governance
of land and natural resources (Frei and Becker, 2005; Rautaray, 2021). Ahmed and Turchini
(2021) predict that IRFS could increase global fish and rice production by 27%. Governance
by smallholder or landless rural communities exemplifies one such model, managing natural
fisheries resources within paddy fields and using these resources for FNS and livelihoods
(Freed et al., 2020b; Shankar et al., 2004). Less sustainable models include land modification
and using natural resources related to fish farming, and the creation of advanced irrigation
facilities in paddy fields (Kumar et al., 2023; Sathoria and Roy, 2022). Climate change and the
depletion of indigenous resources challenge efforts to manage natural resources and land
dependent on IRFS (Berg et al., 2017; Cochard et al., 2014). Therefore, promoting climate-
resilient resource management policies for IRFS should support high-yielding and genetically
updated varieties of rice and fish, along with required land modifications (Mridha et al., 2014;
Uddin et al., 2021; Ren et al., 2018).

3.1.13. Stakeholder Participation

FNS, land resource management, traditional and cultural aesthetics, productivity, demand, and
profitability compel stakeholders to participate in a food system (Bhattacharyya et al., 2020;
Hebsale Mallappa and Pathak, 2023; Altieri 2018; Myeni et al., 2024). These drivers of
participation can be found in IRFS (Das et al., 2013; Liu et al., 2017). The involvement of
stakeholders—market participants, input suppliers, performance evaluators, information
developers, policy advisers, researchers, and decision-makers—has shaped IRFS-based
practices in many countries. These actors address FNS (Ahmed and Garnett, 2011),
livelihoods (Joffre et al., 2021), and climate-change issues (Ahmed et al., 2014). IRFS could
increase efficiency through local adaptive management, capacity building, knowledge
acquisition, key inputs, funding, and infrastructure development, all of which require multiple
stakeholders’ participation (Das et al., 2013; Freed et al., 2020b). Overall, we found that 23
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IRFS attributes are directly related to 13 AE principles. Similarly, 29 secondary attributes have
the potential to influence 23 primary attributes, demonstrating an indirect impact on AE
principles. Figure 3 illustrates these findings.

3.2.Alignment of agroecological IRFS with addressing FNS

FNS researchers increasingly focus their attention on multidimensional aspects of food
systems (Kerr et al., 2021). Measuring the food system’s (direct and indirect) ability to address
FNS using an AE principle-based framework would be crucial during the evaluation process
(Wezel et al., 2020). In the current study, we examined the IRFS-based food system’s influence
on FNS, taking into account the primary attributes and related principles that directly affect
FNS. Secondary attributes can exert an indirect influence by boosting system productivity or
enhancing societal economic gain. While other AE principles were not explicitly related to FNS,
they showed a strong positive influence on the overall productivity of IRFS (Figure 5).
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Figure 5: AE principles addressing FNS in an IRFS

Empirical evidence on connectivity suggests that the traditionally adopted IRFS helps
maintain linkages among producers and consumers. Connectivity enhances accessibility of
locally preferred indigenous rice and fish either through local marketplaces or at farm gates
(Freed et al.,, 2020a,b; Ray and Chakraborty, 2021). IRFS can address FNS through
traditionally inherited knowledge for securing dietary carbohydrates, protein, and
micronutrients (Bashir et al., 2020; Fiedler et al., 2016; Freed et al., 2020a,b), often more
efficiently than RMS (Ahmed and Turchini, 2021). Researchers found that the abundance of
natural aquatic biodiversity in paddy fields ensured FNS through superior diet quality (Halwart
2008; Berg et al., 2012). IRFS biodiversity directly influenced FNS (Freed et al.,2020b).
Moreover, indirect roles of economic diversification and input reduction were found to
positively influence economic gain as compared to RMS (Frei and Becker 2005; Ahmed and
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Turchini 2021; Sinhababu and Poonam 2022; Mohanty 2010; Berg et al., 2023). Enhanced
income generation can improve access to food in rural communities and serve as a key
positive influencer to FNS (Islam et al., 2015; Wezel et al., 2020). Research has indicated
that involving relevant stakeholders from various backgrounds can enhance risk
management through IRFS-based practices (Laborte et al., 2012). Identifying obstacles and
motivators can aid in designing sustainable strategies for edible rice and fish production
(Samaddar et al., 2025b). Such efforts were helpful for policy development (Dey et al., 2013;
Duncan et al., 2021). The primary role of market players was found to enhance demand and
availability of IRFS-based food products locally (Ababouch et al., 2023). Relevant
stakeholders’ (producers and consumers) participation and access to IRFS-based food
products together determined accountability for FNS (Sunny et al., 2021). Empirical evidence
indicates that the integrated availability of rice and fish through rice-fish culture systems can
substantially decrease rural communities' reliance on commercially sourced rice and fish
products (Samaddar et al., 2025b). Besides supporting household FNS, such a situation
allows them to trade their produce with neighbors or make IRFS products more accessible
by directly selling to the buyers at farmgate prices, which could significantly impact FNS, with
the active participation of smallholders and access-related fairness in the IRFS-based food
system (Joffre et al., 2021; Tilley et al., 2024). As a result, researchers found that the co-
creation of knowledge can create primary impacts on FNS through connectivity (Freed et al.,
2020b), social movements and diet (Ahmed and Garnett 2011), participation (de Silva et al.,
2016), land and natural resource governance (Samaddar et al., 2025b), fairness (Fullbrook
2013), and biodiversity (Berg et al., 2012). Each of these principles has been shown to
enhance communities’ direct access to edible IRFS-based food products. Secondary impacts
of economic diversification and input reduction are seen in IRFS practitioners’ increased
ability to purchase food when their financial situation improves.

3.3. IRFS in Eastern India

Even though IRFS-based evidence has been around for many decades in Eastern India
(Kumar et al., 2011), no attempt has ever been made to characterize the AE quality of these
systems. We found several scoping studies and preliminary reports, from which we were
able to identify five distinct IRFS in Eastern India. These studies had documented empirical
findings on the IRFS adherence to AE principles, as well as their contribution to FNS. We
determined the indicators relevant to the AE principles. Table 2 summarizes the total number
of AE principles, cultivable rice and fish varieties, and food production efficiency of selected
IRFS. In Figure 6, the alignment of IRFS in Eastern India with AE principles has been
illustrated.
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Location

Ziro valley,
Lower
Subansiri
district,
Arunachal
Pradesh
Kikuma
village, Phek
district,
Nagaland

Flood plain
based IRFS of
(Brahmaputra,
Barak Valleys
covering
Cachhar
Barpeta and
Nagaon
district) of
Assam

Purba
Medinipur
district, West
Bengal

South 24
Parganas
district, West
Bengal

Purpose

Food,
nutritional
security and
livelihood
(FNSL)

Food and
nutritional
security (FNS)

FNSL

FNSL

FNSL

Rice
varietie
S

Oryzae
sativa

Oryzae
sativa

Oryzae
sativa

Oryzae
sativa

Oryzae
sativa

Targeted fish
varieties

Cyprinus carpio

Cyprinus carpio,
Channa striatus,
Viviparus
bengalensis and
Pomacea
canaliculat

Wild captured
fishes and other
aquatic
organisms

Wild captured
fishes and
prawns

Wild captured
fish and prawns

Average
Annual Rice
productivity

(kg/ha)

3-4 t/ha

3-3.5ton/ ha

2.0-251 ha.

1.0 t/ha

Table 2: Alignment of AE principles with selective IRFS of Eastern India

Agroecological
Principles

i
ii
iii
iv
v

xiii

Ziro
valley

! Assam's
Kikuma §
g flood plain
village
zones

Purba
Medinipur

Average Number of
Annual Agroecologi
Fish cal
productivit  principles
VAGCIED] linked

0.5 t/ha 10
0.06 — 7
0.075 t/ha

0.003- ©
0.45 t/ha

0.2-0.25 6
t/ha

0.1-0.2 7
t/ha

South 24
Parganas

Figure 6: Alignment of agroecological principles with selective IRFS of Eastern India.
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3.3.1.Characterization of selected IRFS

IRFS of the Ziro Valley, Arunachal Pradesh: The Apatani tribe has been practicing IRFS here
for over five decades. Ingrained in their culture and traditions, they cultivate and produce
preferred food items with a positive influence on local FNS (Samaddar et al., 2025b) (ix).1
The community extensively embraced a method that local government officials co-created
and promoted to increase paddy field production and financial profit. The effort includes a
notable role for women family members as farm operators (viii, xiii) (Saikia, 2024). By
introducing indigenous rice varieties, in addition to common carp, implementing IRFS in
nearly all Ziro Valley’s suitable areas (592 ha) has had a major positive impact on social
values and diet quality (ix). Furthermore, the sale of excess produce has created a diversified
economy, demonstrating fair trade through direct sales. Producers, sellers, and consumers—
either at the farm gate or in the Hapoli neighborhood market—connect within a short supply
chain (vii, x, xi) (Samaddar et al., 2025b,a).

All farming ingredients, except fish seeds, are readily available locally. The farming methods
largely depend on recycling organic farm by-products, such as manures and paddy straws.
They demonstrate systematic management of land and natural resources through well-
designed irrigation systems. This approach uses locally accessible natural resources, such
as water and agricultural by-products, without the need for additional external farming inputs
(i, ii, xii), except for the procurement of common carp fingerlings from vendors in neighboring
states (xiii) (Saikia and Das, 2015). Beneficial effects on water quality parameters have been
documented (vi) (Saikia and Das, 2009). Consequently, the synergies between the key
elements of the IRFS-based ecosystem—rice, fish, soil, and water—cannot be discounted.
They have been shown to enhance paddy field output in addition to fish as a secondary crop
(vi) (Saikia, 2024). However, information on biodiversity (micro and macro level), soil, and
animal health is still missing.

IRFS of Kikuma village, Nagaland: The Chakhesang/Zabo tribe adopted 957.9 ha of land
for integrated farming with traditional techniques(viii, xiii), with IRFS as an essential
component for FNS (Das et al., 2021; Das, 2024). Here, superior land modifications that are
in line with nature are evident; they are used for diversified crop raising with well-arranged,
traditionally built irrigation facilities (xii). Native and non-native fish, as well as native tall
indigenous rice varieties, have been cultivated in IRFS (v) by maintaining the fertility of the
soil and by recycling readily available natural byproducts for microbial health (Das et al.,
2012; Modak et al., 2024). Except for imported non-native fish fingerlings (xi), this community
relies on local resources. Furthermore, the produced crops are entirely used by the individual
family for household consumption (ix) (Sathoria and Roy, 2022), promoting economic self-
reliance and fairness.

Diversified IRFS of Assam: The Brahmaputra and Barak Valleys in Assam are home to
deepwater indigenous tall rice varieties (Sali and Aman) and field-based capture fishing.
Traditionally, IRFS in these regions are primarily used for rural households’ FNS and
secondarily for income generation (ix). Community-based IRFS management, with the
remarkable participation of tribal women who sell a variety of indigenous fish species for local
consumption, is prominent (xi, xiii). The region’s enormous aquatic biodiversity has been
identified as a key factor in economic diversification (v, vii) (Das, 2018). Minor land
modifications, such as the placement of fish traps, trenches, and ditches, along with the
recycling of natural by-products to maintain land fertility, are common practices (iii, xii).

Additionally, semi-intensive carp cultivation in paddy fields, using seeds either locally grown
or imported from neighboring states, combined with minimal use of commercial fertilizers and
fish feeds, has been co-created to enhance net economic returns by 117% (Bhuyan et al.,
2018) (ii, viii). Despite these promising outcomes, inadequate evidence limits our ability to
fully explain the fairness of such participatory economic ventures.

! the Roman numeral used for the relevant AE principle is provided after each indicative trait of IRFS
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IRFS of Moina, West Bengal: Along the flood plains of the Kangsabati River in the Moina
development block, the community mode of IRFS operation has been documented (xiii). This
floodplain system allows monsoon rain or floodwater to enter high-diked and well-guarded
paddy fields through artificial irrigation canals from local rivers. These fields, equipped with
indigenous fish traps and fencing, support extensive or semi-intensive aquaculture,
integrating traditional and scientific knowledge (viii, xii). This system predominantly relies on
natural resources, such as river water and fish seed, enabling the cultivation of wild-stocked
riverine fish and prawn varieties, occasionally supplemented with locally purchased carp
species and semi-intensive management practices (v). This approach remains operational
over a vast area and has influenced many to adopt it for their daily nutritional needs, ensuring
FNS and economic gain through the sale of rice and fish (vii, ix) (Bhaumik and Sharma,
2012). However, there is no available information on marketing strategies, connectivity, or
product-based value chain facilities.

IRFS of Sundarban, West Bengal: This region possesses an extensive and alternative
IRFS system spread over an area of about 30,000 ha, used for the local diet, serving as an
important livelihood option through community farming (ix). Traditionally. Farmers build large,
impounded water bodies (Bheri), flooded with estuarine brackish water. They cultivate
naturally caught diverse fish and prawns, in rotation with salt-tolerant rice production during
rabi season (season runs from October to April) (Bunting et al., 2017; Poonam et al., 2019)
(v, xii). Ghosh and Mistri (2020) found that encouraging semi-intensive, management-based,
scientifically upgraded system models—co-created by combining horticulture with IRFS—
enhanced local income and food availability and compelled adoption by 44% of rice farmers
at Gosaba block, Sundarbans (viii). Evidence suggests a strong role of such practices over
FNS and livelihoods (xiii), where commercially important diverse aquatic food products (fish,
shrimp, crabs, etc.) are mostly exported through standardized marketing channels (vii, xi)
(Ghoshal et al., 2019). However, accurate indicators in line with other AE principles are still
unknown.

Overall, according to empirical evidence, Ziro Valley’s rice fish system addressed a total of
10 AE principles. Assam IRFS addressed nine. The IRFS in the South 24 Parganas district
of West Bengal addressed seven. The IRFS in Kikuma village in Nagaland and the Moyna
region of West Bengal have addressed six AE principles each.

Other potential areas in Eastern India: The Kom community in in the Indian state of Manipur,
India, practiced IRFS for both domestic and commercial purposes (Mylliemngap, 2021).
Here, middle-aged (36 to 50 years) family members hold one acre of land in a system that
generates employment and ensures FNS (Haobijam et al., 2016). In Mizoram state, IRFS—
practiced by the local community with traditional knowledge—produce 100 kg/ha of fish
annually (Hussan et al., 2018). In some regions of Meghalaya state and Ukhrul district of
Manipur, common carp-based IRFS models are implemented (Das, 2018; Deepitha et al.,
2019). Farmers in the East Godavari district of Andhra Pradesh state were reported to have
extensive IRFS-based practices, producing 3 to 6 kg/ha of fish annually, apart from standard
paddy production (Deepitha et al., 2019). APCNF pilots natural farming methods based on
IRFS in Andhra Pradesh (Samaddar et al., 2024). Dey et al. (2019) identified the potential for
rice-fish farming systems in Bihar’s low-lying areas, however the lack of documentation
regarding AE traits in Bihar prevents thorough evaluation of this IRFS potential.
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3.3.2.Constraints and challenges in implementing an IRFS-based agroecological
transition in Eastern India.

Comprehending the hurdles still present in IRFS systems and the difficulties in relevant AE
transitions in Eastern India has received special attention. Through the literature search, we
identified the seven most common constraints, summarized below.

(1) Low productivity of rice and fish: Particularly in extensive IRFS practices, low
productivity remains a primary constraint, calling for research and innovation to
enhance efficiency (Das, 2018; Sathoria and Roy, 2022).

(2) Initial investment costs and fund constraints: Challenges include the high initial
investment required for land reformation, financial constraints among potential farmers,
and operational costs for aquaculture management (Bashir et al., 2020; Dey et al.,
2013).

(3) Natural disasters: Flood-prone areas in Assam and the coastal belts of the Sundarbans
are vulnerable to natural disasters, posing significant challenges to IRFS sustainability
(Gogoi et al., 2015; Bunting et al., 2017; Mandal et al., 2021).

(4) Challenges in hilly terrain: The northeast’s hilly terrain presents challenges such as
reduced fish productivity due to inefficient management practices, lack of specialized
extension services for IRFS, input shortages, and logistical challenges hindering
scientific upgrades of conventional IRFS (Bania et al., 2024).

(5) Loss of indigenous fish varieties: Rapid habitat loss of small indigenous fish species in
paddy fields, exacerbated by high stocking of new or invasive species, poses a
significant threat (Sathoria and Roy, 2022).

(6) Environmental impacts of inputs: Non-ideal use of fertilizers and supplementary feeds
in Eastern Indian states has negative impacts on soil and water quality, posing
environmental challenges (Tripathi et al., 2020).

(7) Land-use change: Increasing conversion of rice fields to aquaculture ponds in states
like West Bengal, Odisha, and Andhra Pradesh threatens the sustainability of IRFS
(Belton et al., 2017; Goswami and Ghosal, 2022).

Empirical evidence suggests that these seven major constraints or challenges have been
associated with Eastern Indian IRFS. However, our results indicate that problems could be
region-specific and vary with context. Addressing these constraints requires integrated
approaches that combine technological innovation, policy support, community engagement,
and sustainable management practices to promote the resilience and viability of IRFS-based
AE systems in Eastern India.

3.3.3.Strategies implemented to scale-up adoption

Considering the constraints and challenges faced by IRFS, national policymakers (e.g.,
Indian Council of Agricultural Research (ICAR) National Mission on Natural Farming (NMNF))
and international research for development agencies (Food and Agriculture Organisation of
the United Nations (FAO), CGIAR) created workable plans for maximizing IRFS at the farmer
level in Eastern India. However, these plans never mentioned or considered AE , though their
approach seems aligned with AE (Sathoria and Roy, 2022). Measures have been suggested
that promote scientific understanding among farmers and build capacity to consider IRFS
over rice monoculture practices (Bashir et al., 2020; Das, 2018, Anyango et al 2025). ICAR-
NRRI and the Government of India have co-developed and promoted standardized, protocol-
based integrated models. These models address multidimensional aspects of farming
systems, like productivity improvement, income generation, sustaining biodiversity,
synergistic use of resources, improvement in greenhouse gas emissions, and community
participation, etc., by (Sinhababu and Poonam, 2022). Other noticeable initiatives have been
taken by prominent Indian government agencies, like the National Bank for Agriculture and
Rural Development (NABARD) and the Department of Science and Technology (DST), which
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have funded pilot projects to promote semi-intensive rice-fish systems in Odisha, West
Bengal, and Arunachal Pradesh (Sathoria and Roy, 2022). Some direct interventions by both
governments also promoted IRFS. These efforts provided necessary financial and input
support to small and marginal farmers in several Eastern Indian states under different
schemes like the Rashtriya Krishi Vikash Yojana, the National Horticulture Mission, and the
Pradhan Mantri Matsya Sampada Yojana (Poonam et al., 2019; Nayak et al., 2020). The
Indian government now primarily focuses on improving technical skills, efficiency, and
farming communities’ participation (Sathoria and Roy, 2022). Nonetheless, empirical
evidence indicates that local solutions must be developed to address the challenges or
constraints that are region-specific.
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4. Discussion

4.1. How IRFS qualities address agroecological transition

Initially, this review clarified how AE principles could have an impact on unique IRFS-based
food systems during an AE transition. Following the consolidation of pertinent evidence, the
results showed that IRFS possesses a total of 52 attributes that primarily or secondarily
generate impact over the intended AE transitions. The review also confirmed that IRFS could
demonstrate 13 agroecological principles. Among distinct components (soil, water, rice, and
fish), synergy emerges as a crucial AE principle that integrates other principles within IRFS
(Wezel et al., 2020). Fish contribute to developing a more self-sufficient, productive, and
sustainable system compared to RMS. IRFS can positively influence AE principles like
biodiversity, input reduction, economic diversification, social values, and diet. Among the
most important findings, we observed that connectivity among pertinent stakeholders (e.g.,
Local Enterprises and communities, Agricultural Workers, Consumers, Policy Makers ) would
be crucial for better management of natural resources. For example, Skokanova et al., (2020)
found similar phenomena, where connectivity fostered conventional agriculture across an
entire landscape.

Finally, leveraging the regional spread of farming practices (here IRFS) might be influenced
by the co-creation of knowledge and the participation of farming communities (van Ewijk and
Ros-Tonen, 2021). Nevertheless, additional empirical research is required to substantiate the
efficacy of IRFS in contributing to a more comprehensive understanding of AE principles and
their associated requirements (Hou et al., 2024). To understand how aquatic animals affect
IRFS ecosystems, it's important to consider their behavior within the AE system.

4.2.Agroecological IRFS addressing FNS

The findings suggest that achieving FNS can be facilitated by synergizing 13 AE principles
in IRFS. The impact of AE transitions on FNS can vary, depending on the specific types of
IRFS and the demand dynamics for food products. Among seven important primary impact-
creating AE principles, biodiversity, land and natural resource governance, and participation
may be the most important (Ghosh and Mistri, 2020; Sinhababu and Poonam, 2022).
However, achieving fairness in the food system hinges on sufficient food availability and rural
community access to food (McGarraghy et al., 2022). Creating secondary impacts to FNS
could be achieved with economic diversification (Upadhyay and Singh, 2013). Recent studies
on IRFS again validate that agricultural components, such as livestock, horticulture, or
agriculture, and the co-creation of knowledge can improve FNS (Ghosh and Mistri, 2020;
Sinhababu and Poonam, 2022). In addition, the role of ecological attributes on FNS cannot
be ruled out, due to their secondary influences. However, achieving ideal conditions involves
maintaining an optimal balance of suitable organisms for IRFS (Samaddar et al., 2025b).

4.3. Eastern India perspective

Among Eastern Indian IRFS, the Arunachal Pradesh system shows the most AE
characteristics, where synergistic impacts of 10 distinct AE principles are related to impact
on FNS. Participation and co-creation play significant roles in creating direct positive impacts
through effective land and natural resource governance initiatives. The Arunachal Pradesh
government spearheads and scales up these efforts by integrating common carp in paddy
fields (Samaddar et al., 2025a). Subsequent advances in ecological understanding further
bolster the AE knowledge base. In Nagaland, while traditional knowledge contributes to co-
creation, the lack of empirical evidence on ecological processes hinders a comprehensive
understanding of the AE transition. In Assam and West Bengal's capture fisheries-based
IRFS, biodiversity and local community participation emerge as critical factors contributing to
FNS. The discontinuation of fishery resources use in paddy fields highlights key AE
characteristics, including diminished community participation, reduced dietary diversity, and
declining reliance on indigenous rice and fish varieties. However, challenges persist,
particularly concerning the commercial viability of AE practices. Resource-poor farmers,
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driven by economic goals, often prioritize productivity enhancement and income generation
over supporting local food systems, ecology, and community engagement (Van der Ploeg et
al., 2019). The integration of more farming components in places like Gosaba in West Bengal
indicates a commercially successful AE transition with positive impacts on FNS, underscoring
the validity of co-creation in accelerating AE transitions.

Existing challenges in the system indicate the need to evaluate existing strategies and
develop supportive policies by considering three main areas:. environment, economy, and
food safety. To deal with these issues, 13 principle-based AE frameworks would be ideal (Kerr
et al., 2021; Wezel et al., 2020). Furthermore, they would be essential to comprehend the
capacity of any given ecosystem to fulfill the demand for chosen crop types, before putting
any solutions into practice in the field (Mottet et al., 2020; Jacobi et al., 2018). Such an
assessment may also allow the identification of potential zones for IRFS-dependent food
systems. As the situation indicates, extension services might not yet be in place with a
strategic, goal-oriented approach. This could limit IRFS adoption rates (Bashir et al., 2020).
In this case, suggested protocols from regional, national, and international organizations
could provide a roadmap. More attention may need to be paid to understanding factors
responsible for farmers’ behavioral changes (Nasiri et al., 2024). Stakeholders should employ
mutual learning and understanding to consider the actual demand-based community-level
strategies (Pfendtner-Heise et al., 2024). Additionally, as animal health and FNS are
intimately related (Hasler et al., 2017), more urgent efforts must be made to comprehend
how IRFS affects fish health in Eastern India. This will help to close the knowledge gap
between policymakers and farmers, as well as speed up the AE transition. Similar strategies
were found to be effective in some other countries for different farming types (Kerr et al.,
2021).

4.4. Research Gaps and Priorities

Despite decades of practice, Integrated Rice—Fish Systems (IRFS) in Eastern India remain
under-characterized and insufficiently integrated into agricultural and fisheries policy
frameworks. While empirical evidence from Arunachal Pradesh, Nagaland, Assam, and West
Bengal demonstrates that these systems adhere to six to ten agroecological principles and
contribute to food and nutrition security (FNS), critical gaps persist. Ecological indicators such
as soil and water quality, micro- and macro-biodiversity, and fish and animal health remain
inadequately documented. Social and governance dimensions—including gender roles,
equity, community participation, and local decision-making—are also poorly captured, limiting
the ability to assess system resilience and fairness. At the policy level, extension services
predominantly promote high-input monocultures and commercial aquaculture, leaving little
institutional support for IRFS adoption and scaling. Monitoring frameworks rarely include
agroecological or nutrition-sensitive indicators, preventing IRFS from being recognized as
tools for sustainable food systems or malnutrition mitigation. Market and value-chain policies
tend to prioritize export-oriented outputs, which can inadvertently marginalize local
consumers and reduce equitable access to nutritious foods. Furthermore, IRFS are seldom
integrated into climate adaptation or ecosystem service strategies, despite their potential for
flood regulation, water recycling, and biodiversity conservation. To address these gaps,
policies must explicitly recognize IRFS as agroecological models, implement monitoring
frameworks that capture ecological and nutritional outcomes, reorient extension services
toward participatory co-creation with farmers, support localized market and value chains, and
embed IRFS into climate-smart and nutrition-sensitive agricultural strategies. Such measures
would not only strengthen the sustainability and resilience of Eastern India’s IRFS but also
position them as globally relevant models for agroecological transitions.
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5. Conclusion

The characteristics of IRFS can have an impact on AE principles (HPLE, 2019). Although
experimental research on IRFS primarily focuses on ecological parameters and principles, the
majority of field-level assessments have covered socioeconomic facets. There is insufficient
data to assess the full potential of IRFS on FNS. However, limited evidence enables us to
evaluate how IRFS might fit into AE frameworks for providing FNS. Ten major challenges in
Eastern India have been identified in this review. Proposed farming strategies by government
and non-government agencies must be evaluated using the AE framework to determine how
well they address FNS and environmental sustainability. Research could also improve
understanding of how the codesign process involves farmers and supports agencies. How do
these processes influence the shift in farmers’ practices, perspectives, and involvement in local
innovation and knowledge creation? Before implementing any new AE technologies at the
community level, this suggested research could inform future implementation. Additionally, the
scope of this review could be expanded to evaluate whether AE IRFS deliver on their promise
to provide farm workers with respectable and satisfying livelihoods, in addition to other facets
of social sustainability. This assessment of IRFS and the potential benefits of their AE-relevant
practices on FNS strengthens the arguments made recently on a worldwide scale for increased
funding for AE research (HPLE, 2019). The benefits of natural farming movements (Willer et
al., 2024), resilience enhancement (Sinclair et al., 2019), biodiversity conservation (De and
Dwivedi 2024), and ecosystem services (Morri and Santolini 2021) are also supported by the
review.

Future research could identify additional AE attributes to develop in order to enhance the
contribution of Eastern Indian IRFS and their impacts on the FNS. Socioeconomic aspects
of agroecology, including direct marketing, resolving social injustices, and managing land and
natural resources, have received little attention in Eastern India. Furthermore, ecological
indicators related to soil health, animal health, and synergy have received little consideration
during co-design of food systems.
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