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The rice—fish farming system is an efficient ecological model with economic, ecological, and social benefits, reduces environmental
impacts and optimizes the use of resources. The objective of the research was to explore and analyze scientific publications through
a systematic review and meta-analysis related to rice—fish intercropping. A review of publications hosted in the Scopus and
PubMed database from January 2000 to April 2025 was conducted. Research articles were selected, excluding review articles,
com-mentaries, book chapters, and letters, and only documents published in English were analyzed. The analysis shows that the
countries with the highest number of publications were China and Bangladesh, with a proportion of 48% and 24% respectively,
followed by Thailand with 10% and Pakistan, Indonesia, Malaysia, and India with 5% each. The fish species used in rice—fish
systems were reported to be Cyprinus carpio (37%), Oreochromis niloticus (29%), Barbonymus gonionotus, Micropterus salmoides
and Pelteobagrus fulvidraco (8%), Amblypharyngodon mola (5%), and Labeo rohita and Monopterus albus (3%). On average, fish
settle in the rice—fish system 27 days after rice planting, with a density of 13,390 fish/ha. Between rice planting and harvesting
132 days pass, obtaining an average yield of 4397 kg of rice/ha and 1383 kg of fish/ha. It is reccommended to prioritize integrated
research on unstudied fish species, optimal densities, fertilization, culture models, and emerging technologies in rice—fish systems,
considering regional variations to improve sustainability, productivity, and food security at a global level.
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the use of agrochemicals have generated several negative
impacts on the environment [4, 5]. As a mitigation measure,
food systems need to be transformed to minimize environmen-
tal impacts, while producing food in the quality and quantity

1. Introduction

More than 50% of the global population depends on rice as a
fundamental element in their diet [1, 2]. In 2020, FAO reported

that rice production needs to increase by more than 1035 mil-
lion tons before reaching the year 2050; this will be possible as
long as productivity is improved and rice cultivation is diversi-
fied and intensified [3]; however, increasing productivity
becomes a challenge, as urbanization, industrialization, and

necessary to meet the needs of the world’s population [6, 7].
Thus, integrated agriculture has great potential to emerge as an
effective tool for the development of rural economies, due to its
profitability, low investment [8], and reduced use of agrochem-
icals, since these systems reduce pest populations in crops [9].
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Integrated agriculture optimizes agricultural production by
considering environmental, social, and economic aspects [6, 10,
11], and integrating agricultural practices with activities such as
livestock [12], fisheries [13, 14], and forestry [15]. This is the
case of integrated rice and fish farming [16], which is an effi-
cient ecological model with economic, ecological, and social
benefits [17, 18], reduces environmental impacts and optimizes
the use of resources [19].

In this system, fish through their feces contribute nutrients
to the soil, which results in the reduction of fertilizer use [20],
and the phytoplankton of the rice crop provides food for the
fish [21]; in addition, rice-fish contributes to the control of
weeds, pests, and diseases in the rice crop [22]. The most com-
monly used fish in the integrated rice—fish system is Oreochro-
mis niloticus [9, 23-27], Cyprinus carpio [1, 28-30], and
Amblypharyngod [31, 32]. This system has become an agricul-
tural production model that employs an ecological cycle and
achieves high quality and efficiency [16].

In recent decades, there has been a significant increase in
attention to the aquaculture sector due to its key contribution
to aquatic food production, which supports individual con-
sumption [9]. In developing countries, freshwater aquaculture
plays an important role in providing different nutrients of ani-
mal origin [33]. Several studies [34, 35] show that the practice
of raising fish in rice fields results in exceptional aquaculture
production, increasing farmers’ income. Rice—fish systems has
been an established practice in Asian countries for more than
2000 years, as evidenced by examples from Vietnam [36],
China [37], Bangladesh [35], and Malaysia [36].

In this context, the research objectives were: (1) To explore
and analyze scientific publications through a systematic review
and meta-analysis related to rice—fish farming systems, (2)
to analyze the impact of rice—fish system on rice yield, and
(3) to evaluate trends and suggestions for future research on
rice-fish farming.

2. Materials and Methods

2.1. Search Strategy. The systematic review was developed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [38]. The
Scopus and PubMed databases were used for manuscript
selection, since they refer to multidisciplinary scientific
literature widely accepted by researchers and include high-
impact articles in various areas. The review period was from
January 2000 to April 2025, using the search string (TITLE-
ABS-KEY (“rice-fish coculture”) OR TITLE-ABS-KEY
(“rice—fish farming”) OR TITLE-ABS-KEY (“rice—fish
cultivation”) OR TITLE-ABS-KEY (“rice—fish integration”)
OR TITLE-ABS-KEY (“rice-fish culture”) OR TITLE- ABS-
KEY (“rice—fish culture”) OR TITLE- ABS-KEY (“rice—fish
systems”) OR TITLE-ABS-KEY (“rice—fish”) OR TITLE-
ABS-KEY (“rice and fish”) OR TITLE-ABS-KEY (“rice—fish
coculture”)) for Scopus and “rice—fish coculture” [Title/
Abstract]) OR (“rice-fish farming” [Title/Abstract]) OR
(“rice—fish cultivation”[Title/Abstract])) OR (“rice—fish
integration” [Title/Abstract]) OR (“rice—fish culture”[Title/
Abstract]) OR (“rice-fish systems”[Title/Abstract]) OR
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(“rice—fish” [Title/Abstract]) OR (“rice—fish systems”[Title/
Abstract]) OR (“rice-fish coculture”[Title/Abstract]) OR
(“rice—fish coculture”[Title/Abstract]) for PubMed. This
chain helped to classify and compile the manuscripts that
explicitly mention the associated cultivation of rice and fish
within the text.

2.2. Inclusion and Exclusion Criteria. The data were filtered
using the Scopus and PubMed filtering functions in order to
select only research articles, excluding review articles, commen-
taries, books, book chapters, and letters, and only documents
published in English were analyzed. From the previously
selected articles, the following were removed: (a) duplicate
studies and (b) manuscripts published in a manner other
than open access mode. After applying these selection criteria,
961 manuscripts were selected (Figure 1).

In the selected manuscripts, the title was analyzed indepen-
dently in order to determine the existence of relationships with
the objective of the study, leaving 315 manuscripts for analysis
of the abstract. After the analysis of the abstract, 28 manuscripts
remained in which the full text was analyzed in order to deter-
mine whether the contribution to this work could be useful for
the fulfillment of the research objective. Finally, after an
exhaustive review of each article, 21 articles remained for
analysis.

2.3. Data Analysis. Bibliometrix software [39] was used to
analyze scientific production by country, while VOSviewer
software, a data mining tool used in systematic review studies,
was used to analyze journal co-citation and word co-
occurrence [40].

3. Results

3.1. Bibliometric Analysis. The results of this review are
approached from a temporal and geographic perspective and
are summarized in several graphs of relevant information,
including years of publication, countries where the studies
were conducted, keyword analysis, and authors™ network.

3.2. Analysis of Scientific Production. The 21 manuscripts
considered in the systematic review are published in 15 differ-
ent scientific journals. Of these, 20 were cited at least once. The
three journals with the highest number of publications are
Aquaculture research (three), Scientific reports (three), Agron-
omy (two) and Aquaculture Reports (two; Table 1). In this
sense, it is evident that the main contributions related to rice
associated culture are not limited only to journals specialized in
aquaculture, but to more transdisciplinary journals.

Quantitative analysis of global scientific production on
associated rice—fish farming revealed that China and Bangla-
desh were the main contributors with 48% and 24%, respec-
tively, followed by Thailand with 10% and Pakistan, Indonesia,
Malaysia, and India with 5% each (Figure 2).

3.3. Contribution of the Journals. The journals were evaluated
according to the number of publications and the Scimago Jour-
nal and Country Rank (SJR). Of the 21 articles selected, 15
journals published them. Table 1 shows the journals, their
quartile, the number of citations, and their quartile. The results
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Record identified from:
Identification Scopus (n = 783)
PubMed (n =178)
Records eliminated before screening:
Restricting the study period (n = 877)
______________ Open access (n = 378)
English language (n = 367)
Only published articles (n = 325)
Exclude duplicate items (n = 315)
v

Screened tittle and
Screening abstract
(n=315)

______________ Titles not aligned with the topic (n = 259)
Abstracts not aligned with theme (n = 28)
. Manuscripts analyzed in full
t Eligibility text (1 = 28)
—————————————— Manuscripts excluded after full-text analysis (n = 7)
v
Manuscripts included in the

Included systematic review

(n=21)

FiGURE 1: Flow chart of manuscript identification and selection.

TasLE 1: Journals, number of articles, and citations related to associated rice and fish farming.

Source Documents Citations Quartiles Scientific journal rankings
Aquaculture Research 3 113 Q2 0.53
Scientific Reports 3 47 Q1 0.9
Agronomy 2 12 Q1 0.69
Aquaculture Reports 2 51 Q1 0.82
Agriculture (Switzerland) 1 2 Q1 0.61
Animals 1 15 Q1 0.7
Antioxidants 1 34 Q1 1.484
Egyptian Journal of Aquatic Biology and Fisheries 1 10 Q3 0.24
Fishes 1 2 Q2 0.523
Frontiers in Environmental Science 1 5 Q2 0.72
Indian Journal of Animal Research 1 0 Q3 0.214
Microbiome 1 8 Q1 3.8
PLoS ONE 1 4 Q1 0.84
Sustainability (Switzerland) 1 9 Q1 0.67
Water (Switzerland) 1 1 Q1 0.752
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FIGURE 2: Papers identified by country.

indicate that 67% of the journals belong to the first quartile,
20% to the second quartile, and 13% to the third quartile.
Aquaculture Research and Scientific reports has the highest
number of publications (three articles) followed by Agronomy
and Aquaculture Reports, with two publications each. The arti-
cles have a total of 313 citations, with an average of 21 citations
per article.

3.4. Keyword Co-Occurrence Analysis. The keyword co-
occurrence analysis reveals the presence of four clearly defined
thematic clusters. The light green cluster, located in the center-
left part of the map, groups terms such as aquaculture, metab-
olism, microbial community, intestinal microbiota, amino acid,
bacteria, and growth rate. This cluster is related to studies
focused on physiology, metabolism, and microbiology in aqua-
culture systems, particularly in cultured fish. On the other
hand, the blue cluster, located on the right, is made up of terms
such as cyrinid, stocking density, plankton, fertilizer applica-
tion, and eutrophia. This cluster represents research focused on
ecological aspects, such as planting density, water quality, and
trophic effects in integrated rice—fish systems. In the yellow
cluster, located on the upper right, terms such as sustainable
agriculture, soil fertility, cocultures, and paddy field are
highlighted. This cluster reflects an emerging line of research
oriented towards sustainability, soil fertility, and agroecology in
rice fields integrated with aquaculture. The central core of the
network is dominated by terms such as rice, water quality, fish,
and nitrogen, which function as nodes connecting the different
clusters. Their strategic position highlights their transversal role
in multiple lines of research, acting as articulating axes within a
multidisciplinary approach (Figure 3).

3.5. Co-Citation of Sources. The central and largest node cor-
responds to the journal Aquaculture, which evidences its role as
the most cited and influential source in the field of aquaculture
research. Its strategic position, with numerous connections to
various scientific publications, indicates that it acts as an artic-
ulating axis and transversal source for multiple lines of study
within the field. The green cluster (located in the center of the
network) integrates journals such as Aquaculture, Plos One,
Hydrobiologia, Frontiers in Microbiology, Chinese Agricultural
Science B, and Ecology. This cluster represents the consolidated
core of aquaculture research, characterized by its interconnection
with complementary areas such as microbiology, environmental

Aquaculture Research

sciences, and aquatic biology. The high density of connections
suggests a thematic and methodological consolidation in
these domains. The red/orange cluster (lower left) groups
publications such as Agronomy, Water, Scientific Reports,
and Biodiversitas. This cluster represents a research strand
linking aquaculture with agriculture, biodiversity, and, agro-
ecological approaches. It suggests an increasing integration
between aquatic and terrestrial production systems, as well
as a holistic approach to sustainability. The light blue cluster
(lower right) includes journals such as Science of the Total
Environment, Microbiome, and Frontiers in Microbiology.
This cluster is associated with research oriented to water qual-
ity, ecological interactions, and microbial health in aquatic
systems, reflecting an environmental and ecosystem perspec-
tive in the study of aquaculture. The yellow cluster (located on
the right) is composed of Aquaculture Research and associ-
ated publications. It represents a subfield focused on aquacul-
ture production, addressing technological, nutritional, and
performance evaluation aspects of culture systems. Finally,
the pink cluster (upper right) includes journals such as Aqua-
culture Reports and Ecology. Although less central, this clus-
ter alludes to more specific or emerging lines of research
within the field, possibly linked to applied ecological studies
and innovative approaches in aquaculture (Figure 4).

3.6. History of Publications and Publishing Houses. It is evi-
dent that according to the search string and restrictions applied
in this review, the first publications date back to 2008. The
country with the most publications is China. The most fre-
quently published publishers are MDPI and Hindawi. Regard-
ing the H-index of the journals, PLos ONE stands out with 435,
followed by Scientific Reports with 315, Sustainability (Switzer-
land) with 160, and Microbiome with 143 (Table 2).

3.7. Data Collected From Articles Included in the Study. The
fish species used in the rice-fish systems are C. carpio (37%),
O. niloticus (29%), Barbonymus gonionotus, Micropterus sal-
moides and Pelteobagrus fulvidraco (8%), A. mola (5%), and
Labeo rohita and Monopterus albus (3%). On average, fish settle
in the rice—fish system 27 days after rice planting. Between rice
planting and harvesting, 132 days elapse and fish are harvested
at 95.9 days. Fish planting density per hectare is mainly related
to the fish species. For the case of this review, the average
planting density was 13,390 fish/ha, finally the average rice
yield obtained was 4397 and 1393 kg/ha of fish (Table 3). It
should be noted that P. fulvidraco data were not considered
when calculating the mean density of fish/ha, rice yield, and
fish yield (kg/ha).

3.8. Trends and Suggestions for Future Research on Rice-Fish.
The bibliometric study conducted with the RStudio program
(Bibliometrix) [39] indicates a thematic evolution from tradi-
tional water quality concerns towards more integrative
approaches combining productivity (rice and fish), sustainabil-
ity (nitrogen and oryza), and target species (tilapia). This
dynamic suggests a diversification of the field towards more
ecological and technified production models, where interac-
tions between biotic and abiotic components are key. Overall,
it shows how integrated rice—fish systems have been
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consolidated as a relevant model of study, with increasing
attention to their environmental impact, nutritional efficiency,
and agronomic potential (Figure 5).

From the results of the systematic review of integrated rice
and fish farming systems, several areas of future research can be
identified to deepen and broaden knowledge in this field:

e Investigate the impact of previously unstudied fish spe-
cies within rice—fish farming systems. This could involve
evaluating their growth, yield, and effects on water and
soil quality.

e Conduct detailed studies to determine the optimal fish
population density in rice—fish systems. The aim would
be to maximize yields for both rice and fish, considering
variations in fish species and local conditions.

e Analyze the long-term effects of using organic and inor-
ganic fertilizers on soil quality and crop yields in rice—fish
farming systems. This research could help develop more
sustainable and efficient practices.

e Compare different rotation and polyculture models,
such as introducing juvenile fish after the rice harvest
or simultaneous planting of rice and fish. This would
help identify the most effective methods in terms of
productivity and sustainability.

o Investigate the environmental impact of rice—fish farm-
ing systems, including nutrient balance, biodiversity, and
carbon cycling. Understanding these factors could shed
light on how these systems interact with and influence
the surrounding ecosystem.

e Expand research to different regions worldwide to
understand how climatic and geographical variations
affect the application and outcomes of rice—fish farming
systems.

o These research areas aim not only to improve the under-
standing and application of rice—fish farming systems
but also to contribute to global sustainability and food
security.

4. Discussion

The rice—fish farming systems is the world’s oldest integrated
aquaculture system in the world [47], and different fish species
have been used, for example, Ctenopharyngodon idella, C. car-
pio, Misgurnus anguillicaudatus), Aristichthys nobilis, and
Oreochromis sp. [48], for the case of this research it was
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FIGURE 5: Trend topics regarding the study of rice-fish.

observed that C. carpio and O. niloticus are the most used
species in rice—fish farming systems research with 37% and
29%, respectively.

Of the 117 rice-producing countries, 40% have applied some
model of integrated rice-based farming [49]. According to the
results obtained in the review, China and Bangladesh are the
countries with the highest number of publications related to
integrated rice—fish farming as evidenced in other studies [50].
China is one of the countries that has promoted and implemen-
ted these systems more than 2000 years ago [49, 51]. In recent
decades, rice—fish in China has shifted from a production-
centered approach to an ecological model [52], standing out
for developing this farming system in large extensions, in addi-
tion to having political, financial, and technical support, thus,
developing rice varieties adapted to fish-associated farming.
However, in Latin America and Africa, no scientific literature
related to the topic of study was found, although this does not
imply that these types of practices do not exist, but rather that
there is a lack of research and scientific documentation, and
adoption in these regions could be limited by the lack of technical
knowledge, agricultural policies oriented to monoculture, and
scarce investment in agroecological research.

According to the research, it is observed that rice—fish
farming systems has been a traditional practice in many Asian
farming communities; however, its scientific recognition and
technical improvement have been developed in the last two
decades. Initially, this system has been seen as a subsistence
system, and in recent years, it has been revalued for its potential
to reduce the use of agrochemicals, improve agroecosystem
biodiversity, and increase long-term profitability [9, 53], which
has led to an increase in the number of scientific publications
from 2010 onwards, gaining interest as a tool for climate
change adaptation.

Rice—fish is developed in two ways; either through rotations
between rice and fish or in the form of coculture of rice and fish;
the first method involves introducing juvenile fish after rice
harvest or planting rice after harvesting fish; the second system,
is based on the introduction of juvenile fish (fry) for simulta-
neous culture with rice and at the end collect adult fish before
rice harvest [49], in this case, the fish are planted 27 days after
the rice is installed, with an average harvest time of 132 days
according to the results of this review.

An average stocking rate of 13,390 fish/ha was determined,
several studies have reported the impact of stocking density on

the decrease of water quality when fish are reared in ponds [54];
however, in rice—fish systems, water quality is not affected [55],
this is attributed to the rice crop absorbing the nutrients
released in the fish excreta [56], for example, during the tiller-
ing stage, rice tends to assimilate large amount of N and P,
consequently, it is going to reduce the load of these nutrients in
both water and soil [57, 58]; furthermore, fish stocking density
significantly influences its growth [59], although high densities
are often considered to be a form of better use of water and land
resources, this practice does not necessarily lead to better pro-
ductivity [16].

Regarding rice yield, this review showed a yield of 4397 kg/
ha, in a general way; rice yield is directly related to the applied
nitrogen dose [60-62], thus, for a low nitrogen dose, yield
varies from 5000 to 7000 kg/ha, for a medium nitrogen dose
it ranges from 7000 to 11,000 kg/ha and for a high dose, yield
ranges from 9000 to 15,000 kg/ha [63] to the conditions of rice-
fish which is generally developed under organic models, it is to
understand the productivity found in this review, since the
release of nitrogen available to rice seedlings from organic fer-
tilizers is slow, and that it does not usually supply the nitrogen
demand in the growth period of plants [64], on the other hand,
the input of nitrogen fertilizers from inorganic sources for a long
time damages soil structure, decreasing the quality of arable
soils [65], disfavoring sustainability in rice production [60].

However, the model of rice cultivation associated with fish,
in addition to rice production, also adds fish farming, reaching
up to 940 kg/ha [66, 67], for the case of this review, an average
yield of 13,390 kg/ha was observed, this leads to obtaining bet-
ter economic income for farmers [68, 69], in addition to the fact
that in the framework of food security, the value of rice and fish
produced under rice—fish are usually higher than those gener-
ated through traditional models [49, 70] contributing to food
security, rural livelihoods, economic development, and envi-
ronmental protection [49].

Therefore, in order to ensure the adoption and continuity
of these agricultural practices, it is necessary to develop specific
policies and funding to accelerate the adoption of crop diversi-
fication [71]; however, different countries lack technical, scien-
tific, and/or financial support to promote diversification [72],
in addition to which the edaphoclimatic variations caused by
climate change have an influence on the viability of diversified
systems [73]. Finally, although there are multiple advantages
regarding crop diversification, in particular with rice—fish farm-
ing systems, it is not a universal solution, the economic, social,
and ecological constraints should be considered and addressed
through specific interventions [71].

The limitations of this study include the use of only two
databases (Scopus and PubMed), the selection of only scientific
research published in open access and in English, although this
could have limited the inclusion of other studies [74], it is worth
noting that most of the high impact and widely disseminated
articles are published in English, which facilitates the compari-
son between studies. Furthermore, it has been reported that
although excluding publications written in a language other
than English may induce bias; in many cases it does not have
a significant effect on the main conclusions of systematic
reviews [75, 76]. Nevertheless, this choice is acknowledged as
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a potential limitation, which has been transparently stated and
will be addressed in future research by expanding sources and
linguistic criteria. Despite this, this research provides valuable
information for agricultural professionals and decision makers
on the rice—fish farming system, associated crop productivity,
and future trends. This framework should be refined and
expanded through long-term practices and trials, analysis of
production scale and geographic location, and widespread
adoption of this cropping system in areas where rice thrives.

5. Conclusions

This study confirms that integrated rice—fish systems are a
viable agricultural strategy to promote environmental sustain-
ability, food security, and local socioeconomic development.
However, there are vast gaps in the current available literature,
particularly with respect to long-term assessment of the systems,
accurate determination of ecosystem services generated, and
variable socioeconomic impacts by gender, scale of production,
and geographic location, among others. There is an urgent need
for standardization of sustainability assessment methods and a
greater proportion of comparative analyses between regions and
between anthropic and conventional systems.
Consequently, future research should focus on:

1. Longitudinal assessments that examine the economic
and ecological sustainability of the rice—fish system
over time.

2. Transferability analyses in order to better understand
how these systems can be adapted to diverse socioeco-
nomic and ecological contexts.

3. Participatory studies and transdisciplinary approaches
that integrate local knowledge, agricultural policies,
and rural development economics to facilitate successful
implementation.

4. Evidence-based public policies that support the growth of
rice—fish farming through subsidies, training, and legal
frameworks, especially in vulnerable rural communities.

Promoting research in these areas will not only increase the
efficiency and resilience of rice—fish systems, but also consoli-
date them as a crucial solution to global food insecurity, biodi-
versity loss, and climate change.
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