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The income of farmers and herdsmen is directly related to the prosperity and
harmony of the entire society. Improving the income of farmers and herdsmen
not only affects the living standards of individuals and families but also impacts
the sustainability of society and the economic development of the country. To
gain a global understanding of the research hotspots associated with the income
of farmers and herdsmen, the study used the CiteSpace software to analyze the
research publications and references on the income of farmers and herdsmen
published between 1994 and 2023 and available in the Web of Science. The data
collected included countries, institutions, journals, authors, keywords, co-citations,
research focus and frontiers. The data showed a total of 14,726 literature, with the
number of publications increasing significantly in 2013, and continuously from 2015
to 2022. The research hotspots focused on management and agriculture policy,
land use and food systems, rural development, conservation and biodiversity. Most
of the researches was involved the countries or district of developing countries in
Africa and Asia. While the research levels include agricultural technology, climate
change, sustainable development and policy at different scales. However, the
research frontiers and trends focused on sustainable development, climate change,
food security, agricultural techniques and policies. The present study provides
knowledge and comments for further research on the global income of farmers
and herdsmen.

KEYWORDS

farmers and herdsmen, income, climate change, sustainable development, agricultural
technology, policy

1 Introduction

Agriculture practice is the basis of human society that plays a crucial role in food
production and livestock breeding and serves as an important foundation for ensuring global
food security (Yang et al., 2019; Li et al., 2020; Wawrzyniak, 2023). The continuous growth of
the global population exerts significant pressure on food demand (Lipper et al., 2014), making
the sustainable development of agriculture and animal husbandry essential for meeting the
basic human needs. Therefore, improving agricultural production efficiency and enhancing
its management techniques can effectively ensure food supply and maintain social stability
(Tittonell and Giller, 2013; Abdulai and Huffman, 2014; Li et al., 2021; Yan et al., 2022; Zhao
etal., 2024).

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2025.1579377&domain=pdf&date_stamp=2025-06-24
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1579377/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1579377/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1579377/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1579377/full
mailto:dwqjz@126.com
https://doi.org/10.3389/fsufs.2025.1579377
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2025.1579377

Bai et al.

The income of farmers and herdsmen, derived from agriculture
production, animal husbandry, rural business income, and other
sources of income such as subsidies and transfer payments (Sibhatu
etal, 2015), reflects their economic conditions and is closely linked to
societal harmony and stability. The income of farmers and herdsmen
is also an important indicator of rural economic development and
sustainability and is influenced by various factors, including market
prices, climate change, agricultural technology, and policy support
(Jayne et al,, 2014; Ali and Erenstein, 2017; Zhong et al., 2024).
Fluctuations in market prices directly impact the income of farmers
and herdsmen, while the supply and demand relationship between
agricultural products, seasonal changes, and regional differences often
leads to price instability, which exposes farmers to significant risks
(Evans et al., 2012; Fischer and Qaim, 2012; Horst and Gwinb, 2018;
Collins, 2020; Gulwako et al., 2023).

Climate change further affecting productivity through rising
temperatures, and increased frequency of extreme weather events
(Bryan et al,, 2013; Abid et al., 2015; Nahar et al., 2018; Kramer and
Hackman, 2023). While modern agricultural technologies can
enhance production efficiency, reduce costs and increase income to
the farmers and herdsmen. However, the dissemination and
accessibility of technology vary across different regions, and some
farmers struggle to improve their income due to a lack of technical
support (Abdulai and Huffman, 2014; Wossen et al., 2017).
Additionally, government policies, including subsidies, insurance,
and financial services, play a crucial role in mitigating and risks and
increase income. However, inadequate policy implementation or
lack of transparency in certain areas can exacerbate income
inequality (Antle and Capalbo, 1994; Jayne et al.,, 2014; Brown
etal., 2021).

Despite the growing of researches on farmers” and herdsmen’s
income, much of papers focused on specific factors or regions (Bryan
et al, 2013), often overlooking the complex interplay of various
influences. Most of the studies tend to isolate individual variables,
such as market access (Collins, 2020), climate conditions (Abid et al.,
2015), or technological advancements (Abdulai and Huffman, 2014),
lack of considering the interactions of these factors. This narrow focus
leads to an incomplete understanding of the multifaceted challenges
that farmers and herdsmen face in different contexts. Additionally,
much of the existing literatures is concentrated in specific regions,
such as farmers’ perceptions of and adaptation strategies to climate
change and their determinants in Pakinstan (Abid et al, 2015),
adapting agriculture to climate change in Kenya (Bryan et al., 2013),
food standards, certification, and poverty among coffee farmers in
Uganda (Chiputwa), land access for direct market food farmers in
Oregon, USA (Horst and Gwinb, 2018). These limitation may not
be representative of global trends. This lack of comprehensive analysis
limits the applicability of findings across diverse agricultural systems
and socio-economic conditions. Furthermore, the methodologies
employed in previous studies often rely on traditional statistical
approaches that may not adequately capture the dynamic nature of
income variability. For instance, Sibhatu et al. (2015) examines how
production diversity among smallholder farmers affects dietary
diversity and the role of market access, while Abdulai and Huffman
(2014) explores the factors influencing the adoption of soil and water
conservation techniques by African farmers, as well as the impact of
these techniques on farm yields and net income. In both cases, the
reliance on traditional methods may limit the depth and applicability
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of the findings, possibly missing critical variations and causal
relationships. As a result, critical insights regarding the cumulative
effects of multiple factors on income levels remain unexplored. This
gap in the literature underscores the need for a more integrative
approach that considers the interconnectedness of various influences
on farmers’ and herdsmen’s incomes. To address these shortcomings,
this study aims to fill the gap by providing a holistic analysis of the
factors affecting income variability among farmers and
herdsmen globally.

CiteSpace is a literature visualization and analysis software
developed by Professor Chen (Kumar et al., 2023; Pang et al., 2022). Tt
analyzes citation relationships and keyword co-occurrences in
literature to reveal research dynamics and development trends in
scientific fields. CiteSpace has powerful data processing and
visualization capabilities, enabling researchers to intuitively
understand the knowledge map of their research area and discover
potential research hotspots and future topics (Pang et al., 2022; Kumar
et al., 2023). Therefore, the present study used CiteSpace software
(version 6.3 R3) to visualize and analyze the “articles” and “Reviews,”
on the global income of farmers and herdsmen published in the Web
of Science (WOS) Database from 1994 to 2023. The present research
will identify current trends and hotspots in the field, synthesize
findings from diverse regions and contexts, offering valuable insights
for policymakers and stakeholders, to promote sustainable agricultural
practices and improve the livelihoods of rural communities by
highlighting the complex interactions that shape income dynamics in

farming and herding systems.

2 Materials and methods
2.1 Data sources

The Web of Science database' was used to retrieve the literature
on the income of farmers and herdsmen from 1994 to 2023 using the
“Advanced Search Query” as the retrieval method.

2.2 Methods

The CiteSpace software was employed to visualize and analyze the
literature concerning the income of farmers and herdsmen, utilizing
data from the Web of Science Core Collection Database (WOSCC)
(Figure 1). The search strategy focused on the topics “farmers” or
“herdsmen” in conjunction with “income” The document types
included both “articles” and “reviews,” specifically in English. A
comprehensive search yielded a total of 14,726 relevant literature pieces.

The dataset comprised information such as the names of
countries, institutions, authors, journals, co-cited references, and
keywords. This extensive dataset was subsequently analyzed to create
a visual map, facilitating the exploration of connections within the
literature. The time parameters for the analysis were set from 1994 to
2023, allowing for an examination of trends over the past
three decades.

1 https://webofscience.clarivate.cn/wos/alldb/basic-search
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FIGURE 1
CiteSpace 6.3. R3 main interface for software operation.

For visual map creation, methodologies such as pathfinder and
pruning sliced networks were applied to effectively clip the networks
and enhance clarity (Pang et al., 2022). These techniques helped in
condensing the data into manageable and comprehensible visual
representations. To assess the current status of research related to
farmers and herdsmen, as well as to identify emerging hotspots,
trends, and future directions in the field, we utilized the entire set of
14,726 literature pieces without further narrowing the dataset. This
inclusive approach ensured a comprehensive understanding of the
existing research landscape.

3 Results
3.1 Literature distribution

The descriptive statistics were conducted on the number of
relevant research literature from 1994 to 2023 (Figure 2). In total,
14,726 WOSCC database articles related to the income and occupation
of the farmers and herdsmen were counted. The research on the
income and occupation of herdsmen in the WOSCC database shows
a slow increase in the number of articles from 1994 to 2006, and a
rapid increase since 2014. The increase may be linked to global
agricultural challenges or policy changes that have spurred research
interest. The number of publications rose significantly from 473 to
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1,826 annually between 2015 and 2022, indicating that this topic has
become a focal point in agricultural research. However, the majority
of studies are concentrated in developing countries, particularly in
Africa, China, and Indian, which highlights a gap in the literature
regarding income dynamics in diverse global contexts.

3.2 Co-occurrence analysis of countries
and institutions

The study used the country node of CiteSpace to visualize the
WOSCC literature related to the income of farmers and herdsmen
from different research countries and institutes (Figures 3A,B). The
network map constructed by WOSCC literature had a total of 174
nodes and 2,466 connecting lines for countries and 873 nodes and
3,016 connecting lines for institutes, with 0.1638 and 0.0079 as the
density of the cooperative network of countries and institutes,
respectively. The visual analysis showed that the number of literatures
published by the United States of America (USA) was much higher
than other countries, with a centrality of 0.09, and China with a
centrality of 0.07. A higher centrality value indicates closer
collaborative relationships with other countries within the
international scientific research network (Table 1). Thus, The USA and
China have wider international cooperation, suggests the two
countries plays a pivotal role in international research collaborations.
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Among the top 10 institutions with the most published papers, four
institutes were found in China, three in the USA and two in the
Netherlands, with Chinese Academy of Science (Chinese Acad Sci),
Wageningen University (Wageningen Univ) and China Agricultural
University (China Agr Univ) leading the research publications on the
income of farmers and herdsmen (Table 1; Figure 3). The
predominance of Chinese institutions reflects the country’s significant
investment in agricultural research. This was approved by China’s
Poverty Alleviation Victory in 2020. Despite the high numbers of
research output, the low level of international collaboration suggests
a missed opportunity for cross-regional insights that could enhance
understanding of income variability among farmers and herdsmen.

3.3 Analysis of author co-occurrence

The 1,232 authors with the highest number of occurrences were
selected for co-occurrence analysis. The network map of the 1,232
authors co-occurrence constructed by WOSCC literature showed a
total of 942 connecting lines, with 0.0012 as the density of the
cooperative network of countries and institutes (Figure 4A). A high-
density representation indicates that the collaboration and citation
relationships among authors are relatively close, reflecting a greater
number of connections within the network. This typically suggests a
strong willingness to collaborate and communicate among researchers
in the field, fostering an active research community. The top 20
authors with higher publication volumes had more in-depth research
on the income of farmers and herdsmen, ranging from 10 to 40
publications, with a low centrality value for each of the authors
(Table 2). The network collaboration map of authors on the income of
farmers and herdsmen exhibited an overall scattered pattern featuring
collaborative teams represented by Qaim Matin, and Ma Wanglin,
among others, with 40 and 29 publications, respectively (Figures 4A,B;
Table 2).
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Most of the top 20 researchers emphasized the significance of
farmers’ knowledge, attitudes and perceptions in markets, food
systems, agroforestry innovations, policies and climate change (Meijer
etal,, 2015; Kelly et al., 2016; Sibhatu and Matin, 2018; Yin et al., 2020;
Gever et al, 2021). The researchers also examined agricultural
management practices such as soil and water conservation techniques,
nutrient availability (Abdulai and Huffman, 2014), crop varieties
(Khonje et al., 2015; Nyadanu et al., 2016), expansion of agricultural
extension services and farmer cooperative participation on farm
yields, net income and poverty reduction of farmers in Africa and
China (Chiputwa et al., 2015; Wossen et al., 2017; Ikhuoso et al., 2020;
He and Ahmed, 2022). However, the centrality of the authors was zero,
indicating the low levels of cooperation between authors, with most
scholars conducting independent research (Figure 4B; Table 2). This
lack of cooperation may hinder the development of comprehensive
strategies to address the multifaceted challenges faced by farmers and
herdsmen. The diversity of research perspectives is evident, but the
scattered nature of authorship suggests that a more collaborative
approach could yield richer insights into income dynamics.

3.4 Analysis of keywords

3.4.1 Analysis of keywords co-occurrence

Analyzing the frequency of keywords can provide insights into the
research hotspots in the field of rural income. In the graph, larger
nodes indicate more frequent keyword occurrences, while more
connections between keywords indicate a closer relationship. By using
the CiteSpace software to analyze sample literature from the WOSCC
database, a co-occurrence graph with 997 nodes, 10,777 links, and a
density of 0.0217 (Figure 5) was generated. Among the nodes,
“management” was the largest, followed by “farmers,” “climate change,”
“food security; and “sustainable agriculture” These keywords

appeared most frequently (Figure 5), revealing them as the most

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1579377
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Bai et al.

10.3389/fsufs.2025.1579377

FIGURE 3

The co-occurrence map of the global income of farmers and herdsmen from different research countries (A) and institutions (B).

current research hotspots and factors that influence the income of the
farmers and herdsmen. The identification of the current research
trends also emphasizes the profound impact of climate change on
agriculture and the importance of enhancing the income of farmers
and herdsmen, and food security through smart agriculture,
sustainable agriculture and effective management strategies (Janssen
and Ittersum, 2007; Bryan et al., 2013; Ali and Erenstein, 2017; Liu

Frontiers in Sustainable Food Systems

et al., 2024). This aligns closely with the agricultural management,
market access, food systems, agriculture technological innovation, and
climate change addressed in the research of the top 20 authors.

3.4.2 Analysis of keywords bursts

Keyword burst refers to a significant increase in the frequency of
keywords appearing within a short period (Pang et al, 2022).
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TABLE 1 Top 10 countries and institutions with the highest number of publications on the income of farmers or herdsmen.

Ranking = Country Frequency Centrality Institution Frequency Centrality
1 China 2,805 0.01 Chinese Acad Sci 275 0.07
2 United States of America 2,378 0.22 Wageningen Univ 209 0.09
3 India 1,370 0.01 China Agr Univ 157 0.03
4 Germany 872 0.15 Int Food Policy Res Inst 132 0.04
5 England 788 0.11 Cornell Univ 132 0.04
6 Australia 721 0.10 Michigan State Univ 128 0.04
7 Kenya 660 0.04 Wageningen Univ & Res 121 0.04
8 Netherlands 640 0.08 Huazhong Agr Univ 112 0.03
9 Indonesia 630 0.02 Sichuan Agr Univ 108 0.01
10 Ethiopia 577 0.02 Int Crops Res Inst Semi Arid Trop 107 0.06

Analyzing keyword bursts can provide a clear understanding of
research hotspots during a specific time and help determine the
direction of research. The greater the strength of keyword bursts the
more attention scholars are paying (Pang et al., 2022). Therefore the
study used the CiteSpace software to analyze the keyword bursts in the
sample data from WOSCC from 1994 to 2023 and obtained the
dynamics in the research hotspots associated with the income of the
farmers and herdsmen (Figure 6). Based on the changes in the burst
word map the research process of income of the farmers and herdsmen
is divided into three stages

The first stage begins from 1994 to 2000, where the keywords with
the strongest burst intensity include “model,” “Africa” “growth,”
“farming system;” and “agricultural policy” The second stage
commences from 2001 to 2008, with “poverty reduction,” “rural
development,” and “biodiversity” as the keywords with the strongest
burst intensity. The last and third stage starts from 2009 to 2023, where
the keywords with the strongest burst intensity are “obesity;” “farmers
markets,” “benefits,” “food access,” and “food systems.”

In the past 5 years (2018-2023), the highest cited keyword with
high burst intensity was “food access” from the research literature with
a strength of 12.21. The period between 2021 and 2023 had the
keyword “food system” which was the least cited, consistently
maintaining a low interest (Figure 5). Figure 6 recognized as a new
international research hotspot in recent years, with related articles
primarily focusing on management, agricultural policy (Pietola and
Lansink, 2001; Van et al., 2013; Lapola et al., 2014; Wu et al., 2018;
Brown et al., 2021), land use system (Zhang et al., 2014; Haider et al,,
2017), rural development (Wang et al., 2015; Manda et al., 2016;
Middendorp etal., 2018; Lietal., 2022; Long et al., 2022), conservation
and diversity (Li et al., 2022; Li et al., 2023), model and food access
(Jones et al., 2014; Lowder et al., 2016; Ma and Abdulai, 2016).

The analysis of keyword trends across these stages reveals a
significant evolution in agricultural research priorities, shifting from
foundational concepts to pressing contemporary issues. The rising
prominence of “food access” in recent years highlights its critical
role in addressing food security and public health challenges.
Conversely, the declining interest in “food systems” suggests a need
for renewed focus and exploration in this area, particularly
concerning sustainable agricultural practices and policy
development. This dynamic landscape of research reflects the
continuous adaptation of agricultural studies to meet emerging
global challenges and priorities.

Frontiers in Sustainable Food Systems

3.4.3 Analysis of keywords clustering

In the CiteSpace cluster maps, different colored blocks represent
different clusters, and each “#” tag represents a cluster. The Q and S
values were used to measure the clustering effect of the map, where
Q > 0.3 indicated significant clustering structure, S > 0.7 indicated
convincing clustering, and above 0.5 indicated a reasonable clustering.
Using CiteSpace to analyze the 1,764-literature associated with the
income of farmers and herdsmen in the WOSCC database, the study
generated a keyword cluster map (Figure 7). The map had a clustering
module value of 0.7797 and an average silhouette value of 0.8952,
indicating a significant and highly credible structure of the keyword
cluster map. The map had a total of 10 clusters arranged in the order
from #0 to #9, with smaller numbers containing more keywords in the
cluster. The 10 clusters included the “adaptation strategies,”

» o«

“transportation infrastructure,” “dietary diversity,” “rural China,”

“agricultural cooperative,” “sustainable agricultural intensification
practice;” “fair trade cooperative,” “farmers market,” “coffee farmers
cooperative,” and “own development” (Figure 7). These keywords
exhibit a strong focus on agricultural themes, food security, and
dietary diversity, highlighting the importance of these topics in
research related to smallholder farming. Farmers from different
regions and countries have different responses to global climate
change and its challenges. The researchers also incorporate different

» <«

terms like “farmers,” “policy;” and “climate change” to reflect a response
to socio-economic and environmental influences affecting sustainable
agriculture and food security.

The study also utilized CiteSpace to visualize the temporal
distribution of keywords in the literature associated with the income
of farmers and herdsmen in the WOSCC database, with the size of the
nodes representing different keyword frequencies. The keywords from

» o«

1994 to 2000 mainly included “food security;

» » o«

« . » o« » o« » o«
agrlculture, income, impact, “systems, “strategy,

management,”
adoption,”

» «

“food security;

» «

system,” “market,” and “land use;” indicating the

primary focus of research during that period. From 2001 to 2008, the
main keywords shifted to “policy;” “farmers,” “technology adoption,”

“climate change,” “smallholder farmers,” “biodiversity;” and “ecosystem
services” From 2009 to 2023, the main keywords shifted to

»

“participation,” “households;” “service,” “dietary diversity, “women

»

empowerment;” “food insecurity,|” “rural households,” “innovation,”

|” «

» «

“climate-smart agriculture (CSA),” “food systems,” “subsidy;” “machine
learning,” “energy consumption,” “internet use,” “deep learning,’

“happiness,;” and “life satisfaction” (Figure 8).
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FIGURE 4
A network map showing the 1,232 co-author collaboration network (A), and the top 20 author co-occurrence researchers (B) working on the fields

related to the income of farmers and herdsmen.
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TABLE 2 Top 20 authors in the research related to farmers’ or herdsmen'’s income.

Ranking = Author Frequency Centrality Institute Country
1 Qaim, Matin 40 0 Univ Goettingen Germany

2 Ma, Wanglin 29 0 Renmin Univ China China

3 Mishra, Ashok K 28 0 Louisiana State Univ USA

4 Finger, Robert 22 0 Swiss Fed Inst Technol Switzerland
5 Jiang, Yuansheng 20 0 Sichuan Agr Univ China

6 Rahut, Dil Bahadur 18 0 Int Maize & Wheat Improvement Ctr CIMMYT Mexico

7 Giller, Ken E 18 0 Wageningen Univ & Res Netherlands
8 Huang, Jikun 18 0 Peking Univ China

9 Twumasi, Martinson Ankrah 17 0 Sichuan Agr Univ China

10 Xu, Dingde 17 0 Sichuan Agr Univ China

11 Ali, Akhter 17 0 NARC, Int Maize & Wheat Improvement Ctr CIMMYT Pakistan

12 Azadi, Hossein 16 0 Univ Ghent Belgium

13 Aidoo, Robert 14 0 KNUST, Dept Agr Econ Agribusiness & Extens Ghana

14 Damalas, Christos A 13 0 Democritus Univ Thrace Greece

15 Pitts, Stephanie B Jilcott 12 0 East Carolina Univ USA

16 Wang, Weiwei 12 0 Univ Vermont USA

17 Deng, Xin 11 0 Sichuan Agr Univ China

18 Chandio, Abbas Ali 10 0 Sichuan Agr Univ China

19 Sieber, Stefan 10 0 Sokoine Univ Agr Tanzania
20 Alam, G M Monirul 10 0 Bangabandhu Sheikh Mujibur Rahman Agr Univ Bangladesh

Overall, both the keywords burst and keywords cluster analyses
reflect a progression in research focus from foundational concepts to
contemporary issues The income-related research highlights socio-
economic factors and technological influences, whereas the
agricultural research maintains a broader focus on food systems and
climate and environmental considerations.

3.5 Analysis of the highly cited references

Emerging literature reflects shifts or the rise of research topics
within a particular field (Pang et al., 2022). By using the burst
detection feature of CiteSpace, the study can identify and highlight
literature with potential value in the field of research associated with
the income of the farmers and herders. The results of 25 research
publications with a burst strength greater than five are presented in
Figure 9, showing the burst references and their burst strength, burst
duration, and a graphical representation of the burst timeline of each
selected reference with the blue and red lines. From Figure 9, the blue
timeline shows the ordinary growth of citations, whereas the red
timeline indicates the burst growth of citations.

Based on the citation burst analysis results (Figure 9), the strongest
citation burst of 18.66 was attributed to the “number, size, and
distribution of smallholder or family farms” in an article published in
the World Development Journal by Lowder et al. (2016). The Lowder
et al. article shows that although the average farm size in low-and
lower-middle-income countries generally decreased from 1960 to
2000, the average farm size in high-income countries increased,
affecting the agricultural management practices and farmers’ income
(Karlan etal., 2014). The next highly cited reference article was the Ma
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and Abdulai (2016) published in “Food Policy Journal,” entitled “Does
cooperative membership improve household welfare? Evidence from
apple farmers in China” (Koppmair et al., 2016). These authors
explored the impact of membership in agricultural cooperatives on
the production performance, net income, and household income of
apple farmers in China. The research found that the farm size, labor
input, and asset ownership influenced the farmers to join the
cooperatives, subsequently helping them to improve their apple yield
and household and net incomes (Koppmair et al., 2016), suggesting
that strategic support for cooperatives and sustainable farm
management practices is vital for boosting the livelihoods of
smallholder farmers globally.

Climate change poses a serious threat to the global economy,
particularly in agricultural production and has been investigated by
several researchers. For instance, Bryan et al. (2013) investigated
Kenyan farmers’ perceptions of climate change, their adaptation
measures, and the influencing factors (Bryan et al., 2013). Abid et al.
(2015) found that farmers’ adaptive capacity to climate change in
Pakistan is limited by factors such as insufficient information, lack of
funding, and strained irrigation water sources (Abid et al., 2015),
while Ali (2017) revealed that younger farmers with higher education
levels, greater wealth, larger cultivated areas, and joint family
structures were more inclined to adopt adaptation measures to
climate change. In addition to climate change, Jayne et al. (2014)
reviews the profound impact of rising rural population density in
Africa on agricultural systems and the economy, emphasizing the
extent to which these changes are underestimated in African
development. Karlan et al. (2014) explores agricultural investment
decisions after the relaxation of credit and risk constraints, with a
focus on the behavioral changes of small-scale farmers following the
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FIGURE 5

The keywords co-occurrence network map of farmer and herdsmen income from web of science core collection database.

receipt of cash subsidies and rainfall index insurance. The research
finds that the lack of insurance risk is a major factor limiting farmers’
investments.

4 Discussion

The findings of present study highlight the increasing recognition
of farmers’ and herdsmen’s income as a critical field of research. The
significant rise in publications since 2014 reflects a growing awareness
of the complexities surrounding farmers and herdsmen income.
However, the concentration of research in specific regions, particularly
in developing countries, underscores a significant gap in the literature.
The USA, China and India are countries with the top research
publications, however, the cooperation between countries is low. The
research institutions involved in the study of the income of the farmers
and herdsmen research are mostly Chinese and Americans, with the
Chinese Academy of Science as the institution with the most research
publications. This study addresses this gap by providing a
comprehensive analysis of the factors influencing income variability
among farmers and herdsmen globally.

The low level of international collaboration among researchers
indicates a need for more integrated approaches that consider the
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diverse socio-economic contexts affecting farmers and herdsmen
income. The analysis of co-occurrence among authors and institutions
reveals that while there are leading contributors, the scattered nature
of research efforts may limit the development of cohesive strategies to
enhance farmers income stability. Among the top cited authors, Qaim
Matin whose research team was recorded as the author/co-authors
with the largest number of research papers has conducted in-depth
research on the income of farmers and herdsmen and indicated a
positive correlation between production and dietary diversity in
smallholder households in Indonesia, Kenya, Ethiopia and Malawi
(Sibhatu etal,, 2015). Further research by a meta-analysis showed that
low income and low dietary diversity remain significant issues in
many developing countries, with smallholder farmers being widely
affected. Among the 45 studies on farm production diversity, only five
reported a consistently significant positive correlation, while 60% of
the studies showed a moderate positive correlation, which only holds
under specific conditions (Sibhatu and Matin, 2018).

Other most cited authors underscores the critical interconnection
between sustainable agricultural practices, soil and water conservation,
and food security in developing countries, highlighting that addressing
biophysical constraints and enhancing farmers’ access to education
and resources are essential for improving productivity and alleviating
poverty in the face of growing population and environmental
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Top 25 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1994 - 2023
model 1004 12.85 1994 2010
africa 1004 10.66 1994 2011
growth 1006 16.71 1996 2010
farming systems 1997 001 1997 2007
agricultural policy 1998 17.42 1998 2013
soil erosion 1000 11.5 1999 2010
land use 2000 28.42 2000 2015
diversity 2000 10.28 2000 2014
mortality 2000 10.09 2000 2016
systems 1008 16.73 2001 2011
poverty alleviation 2002 9.69 2002 2013
management 1996 2800 2003 2012
conservation 1997 15.14 2006 2015
costs 2006 11.13 2006 2016
poverty reduction 2006 10.47 2006 2012
rural development 2000 2041 2007 2014
policy 2001 1552 2007 2013
biodiversity 2008 1225 2008 2016
obesity 2012 1122 2012 2017
plantations 2012 977 2012 2017
farmers markets 2013 10.05 2013 2018
benefits 1008 10.81 2015 2018
food access 2016 12.21 2016 2019 S —
ethiopia 2014 10.82 2016 2020
food systems 2021 956 2021 2023 —
FIGURE 6

The top 25 keywords with the strongest citation bursts that related to the income of the farmers and herdsmen.

challenges. For example, Godfray et al. (2010) discusses the food
security challenges posed by the continuous growth of the global
population and consumption and emphasizes the importance of
implementing sustainable and equitable food production strategies to
address climate change and other environmental threats. Tittonell and
Giller (2013) explores the widespread yield gap in smallholder
agriculture in Africa and its impact on improving agricultural
productivity. These authors found that insufficient soil fertility and
nutrient unavailability are the main biophysical factors, limiting
agricultural production in Africa preventing farmers from benefiting
from crop genetic improvements and creating a poverty trap. In
another similar research. In contrast, Abdulai and Huffman (2014)
found that education level, capital and labor constraints, social
networks, agricultural extension connections, and soil conditions were
the main determinants of adopting the contour farming technique.
Furthermore, the adoption of this technology significantly increased
rice yields and net income, indicating that in the water-scarce regions
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of sub-Saharan Africa (SSA), soil and water conservation techniques
are critical for enhancing agricultural productivity and reducing
poverty (Abdulai and Huffman, 2014).

Chiputwa et al. (2015) analyzed the living standards and poverty
conditions of smallholder coffee farmers in Uganda under three
sustainability standards, including fair trade, organic. The author
found that, compared to farmers without fair trade certification,
households with fair trade certification experienced a 30%
improvement in living standards, along with a significant reduction in
both the incidence and depth of poverty. In contrast, the other two
standards had no significant impact on living standards or poverty
conditions. The author further emphasizes that the effects of
sustainability standards on smallholder livelihoods should not
be generalized, but the differences and influencing factors of the
specific standards must be taken into account (Chiputwa et al., 2015).
Comparing the apple farmers in China with coffee farmers in Uganda
reveals that while fair trade certification significantly enhances the
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1%

§

-gv‘co-ot..-t
]

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

FIGURE 8

2008 2009 2010 2011

The time zone of the cluster analysis of the income of farmers and herdsmen from web of science core collection database.

IERTTRRRTRRY

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

living standards and reduces poverty for Ugandan farmers, while
Chinese farmers benefit from comprehensive government support
and improved market access, highlighting the need for tailored
poverty alleviation strategies that consider specific socio-economic
contexts (Ikhuoso et al., 2020).

The most cited journals included Science, Agricultural Systems,
Health and Place, Field Crops Research, World Development, Journal of
Environmental Management, Land Economics, Proceedings of National of
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American Science, Earth System Dynamics, Nature Climate Change, Food
Policy, The Quarterly Journal of Economics, International Journal of
Agricultural Sustainability, Land Use Policy, Journal of Agricultural
Economics, Journal of Rural Studies, and Climate Risk Management.
These journals cover multiple disciplines, including agricultural sciences,
environmental sciences, economics, public health, and climate change,
reflecting the importance of interdisciplinary research. Most of the
journals focused on sustainable development, environmental protection,
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income.

and resource management, emphasizing the importance of achieving
sustainability in agricultural and economic activities (Godfray et al,
2010), while other journals, such as Food Policy, World Development, and
Land Use Policy, specialize in policy analysis, exploring how policy
interventions can improve agricultural, environmental, and social issues
(Fischer and Qaim, 2012; Jayne et al., 2014; Chiputwa et al., 2015). The
top 10 journals also typically publish articles based on empirical
research, using quantitative and qualitative methods to analyze data to
support their conclusions and recommendations, address global issues
such as climate change, food security, and sustainable agriculture,
highlighting research findings and experiences from different regions
and countries (Smith, 2020; Zhou et al., 2024).

Our results of the analysis of keywords show that the research
hotspots associated with the income of farmers and herdsmen mainly
focus on management and agricultural policy, land use and systems,
rural development, conservation and biodiversity under climate
change, and model and food access. The researchers were focused on
how effective management and policy-making can enhance the
income of farmers and herders and include the impact of policies on
agricultural production, market access, and resource allocation (Zeller
etal, 1998; Cai et al., 2023; Annika et al., 2024). Other studies have
explored the impact of relaxing credit and risk constraints on
agricultural investment decisions. For instance, Karlan et al. (2014)
examined the behavioral changes of small-scale farmers in Ghana
following the provision of cash subsidies and rainfall index insurance.
The findings indicate that the lack of insurance against weather risks
is a major factor limiting farmers’ investments in their agricultural
operations. Furthermore, a study from China by Ma and Abdulai
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(2016) found that the demand for agricultural insurance is closely
related to the economic conditions of farmers and the experiences of
others within their social networks. The research indicates that as the
number of successful insurance claims increases within a community,
the future demand for insurance coverage will significantly rise as well.

The keyword “land use and systems” emphasize the importance of
effective management and utilization of land resources for the income of
farmers and herders. Research based on this keyword focuses on
sustainable land use practices and the optimization of agricultural
systems to improve production efficiency and income. Climate change
is a major factor impacting agricultural production, with an increase in
the frequency and intensity of extreme weather events, particularly in
developing countries, leading to declines in food production and income.
Therefore, implementing a “climate smart agriculture” (CSA) is crucial
to achieving food security by enhancing the resilience and resource use
efficiency of farmers and herders (Lipper et al., 2014). Bryan et al. (2013)
investigated Kenyan farmers perceptions of climate change, their
adaptation measures, and the influencing factors, particularly the
challenges faced in agricultural production and found that while many
households made minor adjustments to climate change such as altering
planting time, only a few households were able to make significant
investments in agroforestry or irrigation, despite their willingness to do
so (Bryan et al,, 2013).

The keyword rural development explores how infrastructure
development, education, and technology dissemination promote
economic growth and income for rural communities. For instance,
Kassie et al. (2015) explored the decisions of smallholder farmers in
Ethiopia, Kenya, Malawi, and Tanzania on the adoption of various
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sustainable intensification practices (SIPs) by analyzing plot-level data,
and found complementary and substitutive relationships among
different SIPs and showed that their adoption was influenced by social
capital, the quality of extension services, resource constraints and
market access. Using household-level data from rural Nigeria. Wossen
etal. (2017) studied the impacts of expanding agricultural extension
services and farmer cooperative participation on the technology
adoption, asset ownership and household welfare of farmers. The
research found that both have a significant positive effect on technology
adoption and household welfare, with heterogeneous effects observed
among different farmers, particularly among smallholder farmers with
access to formal credit support, where the impact of extension services
and cooperatives on poverty reduction and technology adoption is
more pronounced. This suggests that expanding rural financial markets
will help maximize the positive effects of extension services and
cooperatives on farmers’ productivity and welfare.

The keyword conservation and biodiversity under climate change
suggests the interest of researchers in the relationship between
ecological conservation and the income of farmers and herders.
Conserving biodiversity not only contributes to the health of
ecosystems but may also provide diverse income sources for farmers
(Li et al., 2022). However, in the model and food access, “model”
involves quantitative analysis and the development of predictive
models to determine factors that impact the income of farmers and
herders, whereas “food access” emphasizes the importance of
availability and accessibility of food. A good example of an article on
the “model and food access” is Janssen and Ittersum (2007) which used
the bio-economic farm models to assess policy changes and
technological innovations within agriculture systems. The findings
from these studies indicate the crucial role that policy implementation
plays in ensuring equitable benefits for rural communities. Moreover,
the identification of research hotspots such as climate change and
sustainable agriculture emphasizes the importance of addressing these
issues in future studies. The findings suggest that effective management
practices and policy interventions are essential for improving the
income of farmers and herdsmen. By synthesizing insights from
various studies, our research contributes to a more nuanced
understanding of the interconnected factors influencing farmers and
herdsmen income dynamics.

The cluster analysis of the co-cited literature showed that the
global research on income of the farmers and herders is involved in
multiple disciplines, demonstrating their importance and the breadth
of research. The 10 groups of the multiple disciplines are all related to
smallholder agricultural production, market access, and dietary
diversity, reflecting the relationship between agriculture and nutrition.
Additionally, all the groups focus on sustainability in agricultural
practices, market fairness or self-development, reflecting an emphasis
on long-term development goals. The 10 groups also showed some
distinct differences, including different focuses. For example,
“adaptation strategies” focused on coping with climate change and
market fluctuations (Nahar et al., 2018; Kramer and Hackman, 2023),
while “transportation infrastructure” mainly focused on logistics and
market access (Horst and Gwinb, 2018; Collins, 2020). On the other
hand, “fairtrade cooperatives,” focus more on socio-economic equity
(Chiputwa et al., 2015), while “agricultural cooperatives” emphasize
collective production and sales strategies.

The analysis of keywords “time zone” exhibits a strong focus on
agricultural themes, food security and dietary diversity, highlighting the
importance of these topics in research related to smallholder farming.
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The incorporation of terms such as “farmers;” “policy;” and “climate
change” by researchers reflects a response to socio-economic and
environmental influences affecting agriculture and food security, for
example, research has examined the household strategies and
determinants for adapting agriculture to climate change in Kenya (Bryan
etal, 2013). Another study shows that research carried out between 1994
and 2000 primarily addressed the basic aspects of agricultural
productivity and its direct effects on food availability in Malawi.
However, a shift toward more complex issues, including “policy;”
“technology adoption,” and “biodiversity;” occurs from 2001 to 2008,
indicating an increase in the understanding of the need for systematic
approaches and strategies in agriculture. For instance, A study reported
the farmer response to policies promoting organic farming technologies
in Finland (Pietola and Lansink, 2001). In the period between 2009 and
2023, the keywords reflect a broader scope, incorporating contemporary
challenges and innovations such as “machine learning;” showing a trend
toward integrating technology and social dimensions into agricultural
research, for example, research on the impact of gender on the
development of sustainable agriculture in France (Tourtelier et al., 2023).
Additionally, the later periods (2009-2023) list keywords such as
“participation,’| “innovation,” and “CSA,” which were less emphasized in
the earlier periods, suggesting an increasing importance of participatory
approaches and technological advancements in agricultural practices.
For example, a study in China examined the promotion of climate-smart
agricultural practices among banana farmers (Zhou et al., 2024). The
study highlights how cooperative membership can enable and empower
farmers to implement a range of climate-smart agricultural techniques
that enhance the sustainability and resilience of banana production in
the face of climate change impacts. Strengthening farmer cooperatives
emerges as a key strategy for scaling up the uptake of climate-smart
agricultural practices.

5 Conclusion

In summary, the present study used CiteSpace to visualize
countries, institutions, authors, literature, keywords, co-citations,
research focus and frontiers in the WOSCC from 1994 to 2023 on
the global income of farmers and herdsmen. The study found a
notable increase in the number of publications related to the income
of farmers and herdsmen since 2013, continuing up to 2023. The
institutions, and authors of income of farmers and herders are
mainly in countries such as China, the USA and India. However,
most of the researches are about the farmers and herdsmen in
developing countries of Africa. The research hotspots on the income
of farmers and herders are focused on management and agriculture
policy, land use and food systems, rural development, conservation
and biodiversity, while the research levels include agricultural
technology, climate change, sustainable development and policy at
different scales. By emphasizing the interconnectedness of these
factors, this study provides valuable insights for policymakers and
stakeholders seeking to promote sustainable agricultural practices
and improve rural livelihoods, thereby contributing to the
achievement of the 2030 Sustainable Development Goals (SDGs)
and advancing the scope of agricultural science and innovation
Future research should focus on fostering international
collaboration and expanding the scope of studies to include diverse
agricultural contexts. Additionally, longitudinal studies are also

needed to capture the evolving nature of income variability,
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particularly in the face of ongoing global challenges such as climate
change and economic instability.
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