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Abstract: As a principal food crop globally, particularly for Asians, rice remains an interesting and
growing topic for interdisciplinary, policy-relevant, and impactful research. This study aimed to
identify literature development and scientific mapping in rice value chain studies. This study used
secondary data in the form of peer-reviewed journal articles related to the rice value chain, with a total
of 126 documents obtained from the Scopus database as of April 2, 2025. Data were analyzed using
bibliometric analysis incorporating an enhanced strategic diagram and thematic evolution mapping.
Results showed that rice value chain research topics are divided into five clusters: (1) farmers’
adaptation and market dynamics, (2) technological innovation and value chain efficiency, (3) value
chain governance, (4) food security and policy, and (5) consumer behavior and sustainability. The
results also showed that the emerging topics of rice value chain research are developing toward a more
multidimensional and integrated approach focused on technology integration, sustainable practices,
climate change response, digital transformation, gender inclusivity, multi-stakeholder partnerships,
nutrition impact, environmental resilience, and a deeper understanding of consumer preferences. The
results provide insights into research gaps and offer new research opportunities for the future
sustainable, resilient, equitable, and inclusive rice value chain.
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1. Introduction

In recent decades, rice has maintained its centrality in global agricultural and development
discourse [1]. As a staple food for more than half of the world’s population, rice is critical not only to
food security but also to socio-economic stability and environmental sustainability, particularly in rice-
dependent countries such as Indonesia, Vietnam, Bangladesh, and India [1-3]. As a result, its role in
supporting rural livelihoods, influencing national food policies, and shaping supply chain governance
has attracted significant scholarly attention from various academic disciplines.

Research on the rice value chain, encompassing activities from input supply and production to
processing, distribution, and consumption, has evolved in response to changing global demands,
technological advancements, environmental concerns, and institutional reforms. Numerous research
related to rice value chains has been conducted in different contexts and issues, such as rice production
efficiency [4], price transmission [5], contract farming [6—8], traceability [9,10], climate resilience [11],
supply chain coordination [12], smart supply chain [13], and consumer preference [14,15]. However,
while the volume of publications continues to grow, there remains a lack of holistic analysis that maps
the intellectual structure, trends, and thematic evolution of rice value chain studies over time.

Bibliometric analysis, defined as the quantitative assessment of scholarly publications based on
citation dynamics, co-authorship relationships, keyword co-occurrences, and other bibliographic
metadata, has gained extensive application in the domain of science mapping to elucidate the cognitive
architecture, research trajectories, and thematic evolution within a designated academic
discipline [16,17]. Bibliometric analysis is not only evaluative but also strategic as it allows
researchers to identify dominant themes, influential authors or institutions, emerging or declining
topics, and interdisciplinary relationships [18,19]. In the context of rice, bibliometric analysis has been
widely used for science mapping, although most studies have focused on specific topics such as rice
intercropping [20], greenhouse technologies in rice production [21], greenhouse gas emissions from
rice cultivation [22], rice husk gasification [23], and salt stress in rice [24]. Applying such an approach
to the entire rice value chain can significantly enrich our understanding of the research landscape and
guide scholars, practitioners, and policymakers in prioritizing future research directions.

Despite the increasing number of publications related to rice value chain management, no
previous study has comprehensively visualized its knowledge structure using science mapping tools
such as co-occurrence analysis and cluster visualization. This gap signifies a critical need for a
comprehensive bibliometric analysis to map the intellectual structure, evolutionary trends, and
thematic landscapes of rice value chain research using large-scale metadata, similar to efforts in rural
tourism and coffee value chain [25,26]. Unlike previous studies, this research focuses on the context
of the rice value chain, which, according to Gomez [27] and Barrett [28], refers to the series of all
activities required to bring rice products to consumers, including agricultural input, production, storage,
processing, marketing, distribution, and consumption. This study aims to identify the development of
literature and scientific mapping in rice value chain studies. The findings of this research are useful
for exploring research gaps and directing future studies toward the development of a sustainable rice
value chain. Specifically, the study seeks to answer the following questions: 1) What are the current
intellectual structures and main themes in rice value chain research? 2) Which topics are emerging
themes, and how are they interlinked across disciplines? 3) What are the underexplored areas that offer
potential for future research?
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2. Materials and methods
2.1. Data collection

This study used secondary data in the form of scientific articles related to the rice value chain.
Data were collected from the Scopus database, which is the largest multidisciplinary database,
covering more than 22,000 peer-reviewed journals in various fields, including science, social sciences,
and humanities [29,30]. In this data collection, three steps were used: formulation of research questions,
literature search, and evaluation of search results [31,32]. To answer research questions (RQs), this
research used the Scopus database with a search strategy focused on the phrase “rice value chain*” in
the search domain, namely article title, abstract, and keywords. We specifically used this exact phrase
to prioritize search precision over recall, ensuring the dataset focuses strictly on the “rice value chain”
as a specific unit analysis. This approach is essential in bibliometrics to maintain the coherence of the
generated thematic cluster [16].

Following a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)-
style flow diagram (Figure 1), the initial literature search was conducted on April 2, 2025, with 128
documents obtained from Scopus. The second literature search was conducted by applying the
inclusion criteria of only articles in English and at the final publication stage. This study included all
document types (article, book chapter, review, conference paper, and book) and source types (journal,
book, book series, and conference proceedings). This second literature search obtained 126 documents.
Data were then processed and analyzed to answer the research questions.

Database: Scopus
Search field: Article Title, Abstract, Keyword
Search string:

TITLE-ABS-KEY ("rice value chain®")
Time frame: Anytime
Date: April 2, 2025

Search Strategy

Identification

b

Record Identified n=12%

b

Record Screened et 10

» Language: English

« Document Type: Article, book chapter, book,
conference paper

« Source Type: Journal, book, book series,
conference proceedings

» Publication Stage: Final

Screening

Record removed (n = 2)

b

Record Included for
Bibliometric Analysis

n=126

Included

Figure 1. PRISMA flow diagram of the study selection process for rice value chain literature.
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2.2. Analysis

To answer the three research questions, this study conducted bibliometric analysis using
VOSviewer, enhanced strategic diagram (ESD) analysis using Biblioplot [33], and content analysis.
Initially, co-occurrence analysis, a bibliometric methodology, was employed to reveal the core themes
associated with studies focused on the rice value chain. This approach allows visualization of the
distribution and network relationships between author-defined keywords, called network visualization,
which are then grouped into identified thematic clusters. We used a full counting approach and a
VOSviewer Thesaurus File to standardize terminology that varied among scholars (e.g., singular vs.
plural forms like farmer vs. farmers) during processing. Next, this study explored emerging research
themes in the rice value chain domain using another result of co-occurrence analysis, namely overlay
visualization, incorporating ESD. The overlay visualization illustrates the temporal distribution of
keyword nodes based on the average publication year of the articles. According to Wahyoedi et al.
[34], nodes with darker hues (dark blue) indicate keywords associated with older publications, while
nodes with brighter hues (yellow) indicate keyword usage in current publications. Furthermore, this
study also used ESD to categorize the detected keywords into eight distinct quadrants according to
keyword density, centrality, and publication year in order to validate and complement this analysis
[34,35]. Specifically, for recent publications, the quadrants represent core, interdisciplinary, emerging
with low density, and emerging with high-density themes, whereas older publications are classified as
mature, declining, isolated, and obsolete [34,35]. Thus, this study used two sets of keywords from (1)
the overlay visualization (bright yellow) and (2) ESD quadrants 2 (emerging with low density) and 3
(emerging with high density) in recent publications to identify emerging themes in rice value chain
studies. This approach highlights the current research trends and eventually answers the third RQ
developmental direction of rice value chain studies. Third, content analysis is used to explore areas
that offer potential for future research on the rice value chain.

3. Results and discussion
3.1. Current intellectual structures and main themes in rice value chain research

Co-occurrence analysis illustrates how often keywords appear in documents, allowing for the
examination of their associated concepts [29]. Figure 2 shows the salient scientific map structure of
the results of the co-occurrence analysis. It illustrates the network visualization of author keywords in
the themes of rice value chain research until March 2025. The map represents five clusters comprising 67
author keywords, connected by 229 links with a total link strength 0f 279, representing the interconnectedness
of keywords across the articles. To associate the five clusters with appropriate subject areas, we considered
the extracted keywords and labeled each subtheme in each cluster (Figure 2, Table S1).

The first cluster (red), “farmers’ adaptation and market dynamics”, emphasizes the central role of
farmers in the rice value chain, focusing on their adaptive strategies and interactions with market
dynamics. Research within this cluster investigates how farmers adopt new technologies and practices
("adoption", "climate-smart agriculture") to enhance their resilience in the face of challenges like
climate change and other risks. This research cluster also emphasizes geographical contexts,
specifically “Ghana”, “Vietnam”, and “Uganda”, underscoring the unique challenges encountered by
smallholder farmers in these regions. In addition, the cluster emphasizes the importance of "market
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access" and "multi-stakeholder partnerships" in influencing smallholder farmer livelihoods and the
overall effectiveness of the rice value chain. Moreover, the research cluster incorporates considerations
of gender and the cross-border context into its analysis of rice value chain studies.

The second cluster, labeled “technological innovation and value chain efficiency” (green),
centered on the technological advancements and innovations that enhance efficiency in the rice value
chain. This research cluster examines the role of “digital technology”, “milling techniques”, and “post-
harvest” technologies in optimizing processes and enhancing value. Research in this cluster also
highlights the "circular economy" concept, underscoring a focus on sustainable resource utilization
and waste minimization. The terms "Sub-Saharan Africa" and "Kenya" indicate an emphasis on the
adoption and effects of technology within particular African settings.

The third cluster (blue), “value chain governance”, focuses on the governance structures and
institutional arrangements that shape the rice value chain. This research investigates the role of contract
farming and vertical coordination to analyze the impact of various institutional arrangements or
governance mechanisms [36] on the efficiency, equity, and sustainability of the rice value chain.
Geographic keywords such as "Africa" and "Senegal" indicate a focus on governance challenges and
coordination mechanisms in the African context. In addition, the cluster examined the relationship
between rice value chain and nutrition outcomes.

The fourth cluster (yellow), “food security and policy”, investigates the critical nexus of food
security, policy interventions, and regional dynamics, particularly in "West Africa". Research in this
cluster employs "value chain analysis" and innovative methods such as "system dynamics" [31] to
address the complex interactions linking "food policy", "price transmission", and "self-sufficiency"
targets. This research cluster aims to contribute to the development of effective policy frameworks that
enhance regional food security outcomes.
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Figure 2. Network visualization of rice value chain research as of April 2, 2025 (source:

Authors’ elaboration using VOSviewer).
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The final cluster (purple), “consumer behavior and sustainability”, focuses on consumer behavior,
preferences, and the growing emphasis on sustainable quality in the rice market. This research cluster
utilizes methods such as “experimental auctions” and “choice experiments” and assesses “willingness
to pay” and specific attributes of rice, including “quality”, “nutrition”, and “sustainability”. This cluster
further emphasizes upgrading strategies as one of the main dimensions for rice value chain
development [37,38], as indicated by keywords such as "value chain upgrading" and "traceability”.

The five clusters derived from the co-occurrence analysis collectively represent a complex
landscape of rice value chain research. The findings reveal that rice value chain studies encompass a
range of perspectives, from micro-level analyses of farmer decision-making and macro-level
examinations of policy and market dynamics. The findings emphasize the interrelation of factors
influencing the rice value chain, encompassing production practices and consumer choices, while also
underscoring the significance of technological advancements and sustainability considerations. In
addition, the five clusters obtained from the co-occurrence analysis indicate prevailing themes and
directions for future research on the rice value chain.

3.2. Emergent themes in rice value chain research

Emerging themes in rice value chain studies were observed using the overlay visualization of co-
occurrence analysis (Figure 3) and ESD (Figure 4). Figure 3 shows the temporal distribution of
keyword nodes, with brighter yellow indicating keywords prevalent in recent publications. For the 67
keywords analyzed, the average publication year of the associated literature ranges from 2013.5 to
2024.5. Keywords included in the most recent publications were as follows: “Uganda” (average year
2024.5), “digital technology” (2023.7), “multi-criteria decision analysis” (2023.5), “nutrition”
(2023.0), “product recovery” (2023.0), “sustainable rice production” (2023.0), “upgrading” (2023.0),
“artificial neural network™ (2022.5), “choice experiment” (2022.5), “climate-smart agriculture”
(2022.5), “Kenya” (2022.5), “marketing models” (2022.5), “technological change” (2022.5), “multi-
stakeholder partnerships” (2022.3), and “cross-border” (2022.0).

In Figure 4, showing the novel publication year section, the top-left "Emerging" quadrant (Q2)
highlights high-density research areas not yet fully central to rice value chain studies. “Digital
technology" and "circular economy" are two keywords identified in this quadrant. On the other hand,
the bottom-left "Emerging" quadrant (Q3) displays concepts with significant potential for growth in

29 ¢

the rice value chain domain. Eight keywords, including “participation”, “climate-smart agriculture”,
“cross-border”, “marketing models”, “local rice”, “nutrition”, “choice experiment”, and “multi-criteria
decision analysis” were found in this quadrant.

Overall, emerging topics in rice value chain highlight an increasingly multidimensional research
direction. Rice value chain research is evolving toward technology integration, sustainable practices,
climate change response, farmer participation, multi-stakeholder partnerships, nutrition impact, and a
deeper understanding of consumer preferences, aiming for a more sustainable, resilient, and inclusive

rice value chain.
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3.3. Underexplored areas in rice value chain research

Based on the bibliometric analysis and ESD of rice value chain research, seven underexplored
areas have emerged that present promising avenues for future investigation. These themes are either
positioned in the “emerging with low density” quadrant of the novel publication year diagram or are
topics that, despite their relevance, remain weakly integrated within the broader scholarly discourse.

3.3.1. Digital technology and data-driven innovation

Digital technology appears as an emerging but low-density topic, indicating growing academic
interest but still limited integration in rice value chain research. As agriculture moves toward digital
transformation, incorporating remote sensing, the Internet of Things, blockchain, and artificial
intelligence into rice value chains, it offers a substantial opportunity to enhance traceability,
transparency, and efficiency [33,39,40]. Recent studies showed that the integration of digital
technologies, particularly blockchain, ensures transparency and consumer trust through verifiable
production records [41,42]. Furthermore, the adoption of data-driven commercial platforms acts as a
transformative catalyst, enabling rice value chains to overcome traditional barriers and compete more
effectively in the global market [42]. Therefore, future studies should explore how digital platforms
can optimize coordination among farmers, traders, and processors, particularly in settings with
smallholder dominance.

3.3.2. Circular economy and resource recovery

Similar to digital technology, the circular economy is attracting interest among scholars, but there
are still few studies in the context of rice value chains. Conversely, circular economy practices,
including rice-husk bioenergy, waste reuse, and nutrient recycling, are not yet well-integrated into
mainstream value chain literature. Their inclusion could address sustainability concerns, especially
environmental impacts and waste reduction [43,44]. Recent review studies emphasize that a circular
economy approach is vital for transforming rice by-products (straw, husk, and bran) into value-added
products, thereby enhancing both environmental sustainability and value chain productivity [45].
Future research may investigate the feasibility of implementing a circular economy model throughout
the rice value chain [43,46]. Further research should determine scalable business models and policies
that facilitate a comprehensive transition to circularity within the rice value chain, including
innovations in business models and the redesign of products and services [46—48].

3.3.3. Business models and value addition

Although “business models” have appeared in the network visualization (Figure 2) and ESD
(Figure 4), the topic remains underdeveloped in density. Further studies should investigate inclusive
and sustainable business models that equitably distribute value across actors, especially for smallholder
farmers [49-51]. Themes like shared value creation, equity, cooperative models, or multi-stakeholder
partnerships deserve more exploration in rice value chain studies [52,53]. Moreover, integrating
circular business models can convert production waste into new revenue streams, enhancing both income
and sustainability [45]. Consequently, future research should develop holistic and innovative business
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model frameworks to capture greater economic and environmental value in the rice value chain.
3.3.4. Policy and institutional dynamics

As demonstrated by the ESD (Figure 4), notwithstanding the sustained relevance of governance
and vertical coordination, “policy” is identified as an emerging node with limited interconnections in
the rice value chain studies. Future research could examine how policy environments shape incentives
and outcomes across the rice value chain, particularly in terms of rice price stabilization, agricultural
input subsidies, and contract farming [54—58]. Recent studies emphasize that contract farming in rice
value chains, as a governance mechanism, is increasingly shaped by institutional arrangements that
facilitate technology transfer [59,60]. Additionally, research that investigates nutrition-sensitive
interventions across the whole rice value chain may provide a powerful approach to addressing the
triple burden of malnutrition, which includes micronutrient deficiencies, undernutrition, and
overweight/obesity [61-63].

3.3.5. Climate-responsive strategies

The centrality and density of the "climate change" issue, as depicted in the first cluster (red)
(Figure 2), are comparatively weak. This means that there is potential for further exploration of how
rice value chains can adapt to or mitigate climate risks. As a prime example, the system of rice
intensification (SRI) embodies climate-smart agriculture by boosting yields and climate resilience
while mitigating environmental impact [64]. Building on these field-level benefits, future research
could associate climate-smart agriculture with supply chain resilience [65,66], which may include the
role of infrastructure, insurance mechanisms, and early-warning systems.

3.3.6. Recontextualizing declining themes

Important topics in the rice policy context, particularly in major rice-producing and trading
countries, such as “self-sufficiency”, “import substitution”, and “local rice”, are now categorized as
obsolete or declining (Figure 4). Nonetheless, possible emerging global food crises highlight the
necessity to reevaluate these notions within modern contexts, including food sovereignty, strategic rice
reserves, global value chains, and geopolitical disruptions in food supply [67,68]. Their theoretical
recontextualization could revitalize their relevance in sustainable rice value chain development and

improve smallholder farmer livelihood.
3.3.7. Integration of socio-environmental metrics

Sustainability is a fundamental theme as demonstrated in the ESD (Figure 4). Nonetheless,
indicators for environmental performance and social inclusion have not yet been fully included in rice
value chain research. Future research should integrate holistic indicators, such as carbon footprint per
kilogram ofrice, labor fairness, or water productivity, into value chain assessments to support informed
decision-making to develop a sustainable rice value chain. For instance, future research could employ
life cycle assessment methodologies, encompassing both environmental and social life cycle
assessments, to evaluate environmental and social impacts in the rice value chain [68,69].
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In sum, although fundamental subjects like contract farming and food security remain central to
the field, the future of rice value chain research depends on enhancing and broadening its analytical
frameworks. Academics may tackle current difficulties and emerging opportunities in developing more
resilient and equitable value chains by emphasizing digitization, sustainability, circular economy, and
inclusive policies.

4. Conclusions

The research landscape of rice value chain studies is identified around five core themes. The first
research cluster focuses on the farmers’ role, examining their adaptation to change and their interaction
with markets, highlighting the importance of resilience and support systems. The second cluster
investigates technological innovation, emphasizing advancements that drive efficiency and add value
within the chain, including digital tools and circular economy principles. The third research cluster
focuses on governance and coordination, examining the frameworks and regulations that influence the
operations and results of the value chain. The fourth cluster examines food security in the rice sector,
frequently with a regional emphasis, assessing policy effects and system dynamics. The fifth cluster
focuses on consumer behavior, exploring preferences for quality and sustainable attributes, and
employing economic tools to understand market demand.

The results also indicate that the emerging topics of rice value chain research are progressing
toward a more multidimensional and integrated approach focused on technology integration,
sustainable practices, climate change response, multi-stakeholder partnerships, farmer participation,
and nutrition impact, as well as a deeper understanding of dynamic consumer behavior. This shift
represents a broader recognition of the need for more holistic and integrated solutions that, for example,
address not only value chain productivity and efficiency but also inclusivity, resilience, and
sustainability. To provide integrated insights that foster local innovation and global learning, future
research should strive to bridge multiple disciplines and contexts. Thus, further scholarly inquiry into
rice value chain research, especially concerning emerging topics, is warranted.

This study is subject to certain limitations: (1) the analysis is constrained by its exclusive reliance
on Scopus data and English-language publications, which may overlook relevant studies in other
databases (e.g. Web of Science or Google Scholar) or regional languages from major rice-producing
countries; (2) bibliometric methodologies, while efficacious, may not fully elucidate the intricacies of
specific issues. Future research endeavors could benefit from the inclusion of multiple databases, non-
English literature, and project reports, acknowledging the increasing salience of value chain
development as a development approach for academics, practitioners, and policymakers.

Use of Al tools declaration

Authors declare that the use of Al was solely employed to enhance grammatical accuracy and
language clarity.
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Table S1. Identified keyword clusters derived from co-occurrence analysis.

Farmer's adaptation and market dynamics

Technological innovation and efficiency

Rice value chain governance

Food security and policy

Consumer behavior and sustainability

Keyword Occ TLS  Keyword Occ TLS  Keyword Occ TLS Keyword Occ TLS  Keyword Occ TLS
farmer 6 15 rice value chain 19 26 value chain 24 62 food security 7 20 rice 26 60
ghana 4 9 circular economy 3 3 contract farming 8 25 west africa 7 13 sustainability 4 11
market access 4 12 digital technology 3 4 africa 5 19 system dynamics 5 8 value chain upgrading 4 7
vietnam 4 9 milling 3 13 upgrading 4 12 agrifood value chain 4 5 experimental auctions 3 7
adoption 3 5 sub-saharan africa 3 5 vertical coordination 3 11 impact 3 7 quality 3 9
agrifood systems 3 8 water management 3 8 governance 2 9 organic rice 3 3 willingness to pay 3 7
climate change 3 7 benin 2 3 local rice 2 3 self-sufficiency 3 6 artificial neural network 2 1
multi-stakeholder partnerships 3 8 export 2 5 marketing models 2 5 food policy 2 4 choice experiment 2 4
network 3 7 innovation 2 6 nutrition 2 1 import substitution 2 4 markets 2 6
climate smart agriculture 2 5 kenya 2 5 policy 2 9 price transmission 2 3 multi-criteria decision analysis 2 4
cross border 2 5 multi-objective optimisation 2 3 senegal 2 11 value chain analysis 2 4 traceability 2 4
gender 2 3 post-harvest 2 4

nigeria 2 3 product recovery 2 5

participation 2 6 rice mill 2 4

sustainable rice production 2 4 spatio-temporal modelling 2 2

technological change 2 5 stochastic frontier analysis 2 4

uganda 2 4 value web model 2 3

Note: Occ is Occurrences and TLS is Total link strength. Source: Authors’ elaboration.
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