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Abstract

Food security and climate change challenges in Southern Africa have prompted research initiatives for agricultural produc-
tivity, adapting to climate change, and reducing greenhouse gas (GHG) emissions. Still, the scale, scope, and complexity of
the problem have not been addressed. One notable challenge is the lack of interconnections, information flows, and knowl-
edge exchange among research programmes. Better coordination of actors involved in climate-smart agricultural research
is needed to utilise resources more effectively and avoid duplication of work. The paper presents the results of a scoping
literature review and the assessment of existing research programmes on agricultural GHG emissions in nine Southern
African countries. Feedback from stakeholders was obtained through a survey and stakeholder workshops. The results show
that agricultural GHG research is gaining prominence. The main research themes included different aspects of livestock
emission (53%), while the remainder covered soils, crops, and pastures. There is still a big research gap, with less than
40% of the papers originating from outside South Africa. Substantial work has been conducted, but the research is highly
fragmented, and there is no large-scale regional institutional collaboration. Several researchers and institutions are engaged
in research, but a lack of funding and infrastructure limits the capacity to generate scientific evidence. The outcomes of
this study highlight the need for a regional programme that will facilitate research collaboration toward low-emission and
climate-resilient food systems.
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Introduction 2015). Furthermore, about 70% of the region’s population

depends on agriculture for food, income, and employment
Agriculture is an important socio-economic sector in the  highlighting the importance of agriculture in regional food
Southern African Development Community (SADC) region,  systems (SADC 2015). Despite its importance, the agricul-
contributing between 4 and 27% of GDP and accounting  ture sector is highly vulnerable to the impacts of climate
for approximately 13% of overall export earnings (SADC  change and faces numerous climate-related risks. According
to the Intergovernmental Panel on Climate Change (IPCC)
report on climate impacts, adaptation, and vulnerability, the
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region has been experiencing a warming trend over the past
few decades and is projected to become warmer and drier as
the level of global warming intensifies, making it a climate
hotspot (IPCC 2022). Rising temperatures, changes in rain
patterns, increased evaporation rates, and spatial shifts in
optimum growing regions due to climate change have direct
impacts on crop and livestock production (Davis-Reddy and
Vincent 2017). Additionally, the predicted rise in average
temperatures and erratic rainfall patterns in the region will
add to extreme weather events such as droughts, floods,
storms, heat waves, and wildfires already experienced in
the region (IPPC 2022). These extreme weather events have
a direct impact on agricultural productivity. The emergence
of such climate risks necessitates urgent action to ensure
resilient food systems through adaptation to climate change
impacts and mitigation of greenhouse gas (GHG) emissions.

Currently, there are numerous research initiatives across
the research ecosystem focused on enhancing agricultural
productivity, adapting to climate change impacts, and
reducing GHG emissions (Thornton et al. 2018). How-
ever, despite these efforts, their common impact has fallen
short of addressing the scale, scope, and complexity of the
challenges. According to IPCC (2017), reliable estimates
of GHG emissions, particularly carbon flux, are scarce for
Africa due to incomplete, fragmented, and inconsistent data
on the continent’s carbon budget.

The research ecosystem in Southern Africa is highly het-
erogeneous. Yet, there is a significant lack of representative,
systematic, and harmonised research initiatives across the
region. This fragmentation hampers the ability to assess and
track agricultural GHG emissions effectively and to develop
robust mitigation strategies (Grieco et al. 2019). Improved
collaboration among actors is a critical first step toward sus-
tainable development and guiding essential research invest-
ments (Chevallier 2023). The need for improved research
coordination in Southern Africa has been apparent for many
years. Future directions of research should include creating
a comprehensive database of in situ studies as part of a col-
laborative framework aimed at improving the availability of
low-cost GHG data (Grieco et al. 2019). Such frameworks,
which are being promoted worldwide, help harmonise data
collection methods and enhance the consistency and reli-
ability of the collected data (Chevallier 2023).

Given the critical role that agriculture must play in
meeting the objectives of the Paris Agreement (Nhamo
2018; Chevallier et al. 2021), there is an urgent need for
ambitious policy action to accelerate emissions reductions
and strive for net-zero emissions by 2050. Under current
policies, SADC countries are unlikely to reduce emissions
sufficiently to meet their Nationally Determined Contribu-
tions (NDC) targets for 2030 (Leahy et al. 2020; Arndt
et al. 2022; Lamb et al. 2022). Significant knowledge
gaps persist in agricultural GHG emissions research and
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mitigation pathways, despite numerous initiatives aimed at
promoting climate-smart agriculture (Grieco et al. 2019).
There is insufficient engagement with stakeholders, includ-
ing policymakers, industry actors, and farmer organisa-
tions, which hinders the translation of research findings
into practical solutions (Chevallier 2023). Furthermore,
current research efforts are often siloed and there are
limited collaborative efforts in the region or commonly
agreed-upon models that connect inputs, research activi-
ties, outputs, and outcomes to sustainability goals.

Another critical challenge is the limited research
infrastructure and inadequate funding, which constrain
the capacity of researchers to conduct high-quality stud-
ies. Many institutions lack the necessary equipment and
resources, forcing researchers to rely on expensive exter-
nal services. To address these challenges, climate-smart
agricultural research across the SADC region would
benefit from greater collaboration among all relevant
stakeholders, including research institutions, academia,
policymakers, supporting industries, the private sector,
farmer organisations, funding organisations, and interna-
tional agencies (Chevallier 2023). Improved collaboration
through a strategic regional initiative could foster more
rapid technological advancements, enhance the reliability
of work, ensure consistent application of best practices
(at the right cost and appropriate to local circumstances),
and ultimately promote climate-resilient food systems.
Specific to agricultural GHG research, cross-disciplinary
and cross-institutional collaboration can (i) promote the
sharing and collation of data and information (Radeny
et al. 2020), (ii) help identify and compare the impacts of
various agricultural GHG mitigation options, recommend-
ing best practices for policymakers, farmers, and other
stakeholders (Negra et al. 2020), (iii) enable the pooling of
resources and the sharing of national research infrastruc-
tures such as laboratories, observatories, databases, and
repositories (Pinkse and Kolk 2012), (iv) promote the co-
development and sharing of methods for quantifying GHG
emissions (Negra et al. 2020), and (v) foster networking
and knowledge exchange among researchers (Okner 2015).
However, fostering effective collaboration is challenging,
requiring significant time to build relationships and iden-
tify suitable partners and topics (Nelson and Dodd 2017).
Effective collaboration also requires robust implementa-
tion mechanisms for the joint provision of outputs and
outcomes and carries substantial fiscal implications.

This paper presents the results of a scoping literature
review and assessment of existing research programmes on
agricultural GHG emissions in Southern Africa. The study
aims to understand the landscape of agricultural GHG
research in the region, identifying areas of strength, potential
gaps, and opportunities for collaboration and enhancement.
The research questions driving the study are:



Regional Environmental Change (2025) 25:104

Page3of12 104

1. What are the current thematic focus areas and gaps in
agricultural GHG research in Southern Africa?

2. What are the existing research capacities and infrastruc-
ture, and what limitations hinder effective agricultural
GHG research?

3. How can collaborative research frameworks be struc-
tured to promote innovation and knowledge exchange
in agricultural GHG research in the region?

Materials and methods

The study focuses on nine Southern African countries:
South Africa, Botswana, Namibia, Zimbabwe, Zambia,
Mozambique, Malawi, Lesotho, and Eswatini. The region
is a climate hotspot that experiences climate-related chal-
lenges such as erratic rainfall and droughts, which impact
agricultural productivity (IPCC 2022).

A combination of data collection methods was used.
These include a scoping literature review, a structured
survey of key researchers, and stakeholder consultations.
This triangulated methodology was deemed appropriate to
provide a robust assessment of the research landscape and
evidence-based recommendations for promoting regional
collaboration.

Scoping review of literature

A scoping review of peer-reviewed literature was conducted
to identify key researchers in the field, collaborative net-
works, and research themes. This approach helps to under-
stand the current state of research and collaboration within
the field and to set a research agenda (Tricco et al. 2016).

The first step involved selecting relevant articles for
analysis. Keywords were identified based on those used
in previous studies (Chen et al. 2023) and expert recom-
mendations in the field. The keywords used in this scoping
review are listed in Table S1. A Boolean search approach
was used to search the Web of Science bibliographic data-
base. This search strategy involved (a) combining all search
terms under each category listed in Table S1 using the ‘OR’
operator and (b) combining search items from each group
with those from other categories using the ‘AND’ operator.
This dual search strategy was previously used by Sweileh
(2020) and it captures a wide range of relevant literature
while maintaining focus on the specific research areas of
interest. By using the ‘OR’ operator within each category,
it broadens the search to include a variety of related terms,
ensuring that all possible variations are captured. Combin-
ing the results from each category using the ‘AND’ operator,
the search is narrowed to only those articles that address the
intersection of the specified topics.

The Web of Science Core Collection served as the data
source due to its broad coverage, high-quality content, and
multidisciplinary focus (Li et al. 2018). Similar bibliometric
studies focusing on climate change, greenhouse gas emis-
sions, and food security have also used the Web of Science
database (Chen et al. 2023; Cheng et al. 2023; Sarker et al.
2023). The literature search generated 3673 candidate arti-
cles. The initial candidate articles were screened based on
their titles and abstracts under the assumption that infor-
mation core to the study would be captured in these sec-
tions. Following this preliminary review, 149 articles spe-
cifically addressing agricultural GHG measurements and
mitigation were selected. It was determined that title and
abstract screening alone might not sufficiently reflect the
content relevant to the study’s objectives, potentially leading
to the inclusion of many irrelevant articles. Consequently,
the full articles were downloaded and reviewed. Table S2
summarises the inclusion and exclusion criteria. Only arti-
cles published between 2010 and 2023 were considered,
as significant research on agricultural GHG emissions in
Southern Africa began emerging in the early 2010 s. Articles
published before 2010 were thus deemed less relevant. The
focus was on articles related to agricultural GHG measure-
ments, excluding those that covered broader climate change
topics. The inclusion criteria also required that the research
be conducted specifically in the Southern African region,
and journals not relevant to agriculture were disregarded.

After reviewing the full texts, 109 studies met the eligibil-
ity criteria and were included in the analysis. The excluded
studies did not meet the criteria due to reasons such as being
non-empirical, not adequately addressing GHG measure-
ments, being published before 2010, or having a geographic
focus outside southern Africa. Only original research articles
were included in the study to focus on primary data, which
provides detailed methodologies, analysis, and results.
Review articles were excluded because they summarise
existing research without offering new empirical evidence.
Figure S1 illustrates the process used to identify relevant
studies for the scoping review and shows the number of arti-
cles excluded at each stage.

To identify the main authors involved in agricultural
GHG gas research, as well as the research clusters, collabo-
ration networks, and research themes, bibliometric analysis
was conducted using VOSviewer software. VOSviewer soft-
ware is widely used in academic research (Le et al. 2018;
Sweileh 2020; Li and Song 2022; Cheng et al. 2023) because
of its unique advantages in literature keyword analysis, clus-
ter analysis, and hotspot identification. The VOSviewer soft-
ware also enabled the creation of co-occurrence knowledge
maps of the authors and institutions involved. Additionally,
country contributions and research themes were examined
by manually extracting data on general information such as
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study location, research focus, agricultural activities, and
species involved.

To ensure the accuracy and reliability of the VOSviewer-
generated bibliometric analysis, first, all retrieved publica-
tions were exported as an EndNote file and independently
reviewed by two researchers specialising in agricultural
GHG research to confirm that the articles aligned with the
study’s scope. Second, the publication records of the top
10 most active authors were cross-checked against research
outputs on their Google Scholar profiles. Third, during the
stakeholder consultation, experts reviewed and discussed
the bibliometric findings, assessing whether the identi-
fied research clusters and institutional linkages accurately
reflected the collaboration patterns. Any discrepancies or
missing key contributors were noted and used to refine the
interpretation of results.

Survey with key researchers

To complement the literature review, we designed a struc-
tured online survey targeting researchers actively engaged
in agricultural GHG research in southern Africa. The survey
was distributed to 82 researchers identified through litera-
ture review, institutional affiliations, and professional rec-
ommendations. The researchers were selected across nine
Southern African countries, and 47 responses were received
(57% response rate). Among the 47 respondents, the major-
ity (28) were from South Africa. Other contributing coun-
tries included Mozambique (5), Zimbabwe (4), Zambia (3),
Malawi (2), Eswatini (2), Botswana (1), Namibia (1), and
Lesotho (1). The respondents represented diverse research
themes, including livestock, soil health, crops, and pastures.
The questionnaire covered the nature of existing projects,
institutional capacities, availability of research infrastruc-
ture, existing funding mechanisms, and areas that may need
further support. The collected data was analysed using
descriptive statistics to identify major trends and challenges
in agricultural GHG research.

Stakeholder consultation workshop

A stakeholder consultation workshop to validate the findings
and gather stakeholder perspectives was held in March 2023
in Pretoria, South Africa. The workshop was conducted
using a hybrid approach, incorporating both in-person and
virtual participation. The workshop brought together 80
participants, including researchers and representatives from
government departments/ministries, international organisa-
tions, the private sector, and farmers’ organisations. Of the
47 researchers who participated in the survey, 25 were pur-
posively selected to attend the stakeholder workshop. This
selection was based on their expertise, research contribu-
tions, and institutional representation.
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Discussions focused on refining research priorities, iden-
tifying collaboration opportunities, and proposing actionable
strategies for improving agricultural GHG research in the
region. Thematic analysis of stakeholder inputs provided
additional qualitative insights to supplement the literature
review and survey findings. The workshop’s outcomes con-
tributed to developing an integrated framework to enable
co-evolution of research governance and research activities,
with ongoing mechanisms for stakeholder engagement.

Results

The results provide an overview of key researchers, insti-
tutional contributions to research, thematic areas of focus,
research capacity, available infrastructure, and the chal-
lenges faced in generating scientific evidence.

Research themes and collaborations

VOSviewer software was used to analyse author contribu-
tions and collaborative networks in agricultural affiliation
institutions that have contributed at least three documents.
Figure 1 shows the co-authorship network between authors
that have contributed at least three documents The authors’
cooperative network diagram revealed eight main author
clusters. These research clusters operate independently,
with minimal interconnections between them, suggesting a
trend of disciplinary-focused research. Half of the clusters
(clusters 2, 5, 6, and 8) focus on livestock emissions. Cluster
1 studies the GHG emissions from crops and soils while
Cluster 3 focuses on soil carbon sequestration. Cluster 7 is
primarily concerned with manure management.

Figure 2 shows the co-authorship network between
authors’ affiliation institutions that have contributed at least
two documents. University of Pretoria is the largest node
indicating its significant role in agricultural GHG research.
The authors affiliated with this institution have a strong co-
authorship network with authors affiliated with the Agricul-
ture Research Council Outeniqua Research farm, Rotham-
sted Research, University of Free State, and University of
Montpellier. The analysis of institutional collaborative net-
works also revealed that research institutions in this field
are limited and dispersed, lacking a large-scale collaborative
network.

The contribution of Southern African countries to
research on agricultural GHG research was analysed.
Country-specific analysis indicated that research efforts are
mainly concentrated in South Africa (60%), which has the
strongest research influence in the region. Other Southern
African countries contribute relatively less to agricultural
GHG research.



Regional Environmental Change (2025) 25:104

Page50f12 104

Fig. 1 Author contribution
and collaborative networks of
research teams involved in agri-

cultural greenhouse gas research #3

in Southern Africa. Research
clusters identified through clus-
ter analysis are distinguished by
colour and numbered from 1 to
8. Clusters 2, 5, 6, and 7 focus
on livestock emissions and man-
agement; Cluster 1 on crops and
soil emissions; Cluster 3 on soil
carbon sequestration; Cluster 4
on soil health; and Cluster 8 on
manure management
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The articles retrieved for the scoping review were the-
matically analysed. About 53% of the articles focused on
livestock production, while the remainder covered soils,
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crops, and pastures. The research themes were identified,
validated, and refined during the stakeholder consultation
workshop. A total of 58 articles under livestock emissions
were retrieved. The content review revealed that the stud-
ies mainly focused on:

@ Springer



104 Page6of12

Regional Environmental Change (2025) 25:104

e Modelling and estimation of net greenhouse gas emis-
sions in farming systems (12 articles)

e Evaluation of the methanogenic potential of feedstuffs
(10 articles)

e Use of tannin and other bioactive plant extracts as anti-
methanogenic feed additives (10 articles)

e Improving the digestibility of low-quality forages through
fibrolytic enzyme inclusion, fat or oil supplementation,
and dietary nitrate or urea (9 articles)

e The carbon footprint of extensive beef production (7 arti-
cles)

e Breed evaluation in terms of feed intake and methane
emission, focusing on indigenous or adapted genotypes
(6 articles)

This broad thematic coverage indicates a strong
research capability in these areas. However, there was lim-
ited attention to manure management (2 articles) adopting
sulfur hexafluoride (SF6) technique (1 article), and GHG
inventory development (1 article). Studies on the metha-
nogenic potential of feedstuffs mainly used in vitro meth-
ods for estimating methane production. Enteric methane
emissions were also measured in vivo using direct methods
such as open-circuit respiration chambers (8 studies), the
SF6 technique (1 study), and the open-path laser technique
(1 study).

Practices to reduce enteric methane emissions
included using plant extracts from tannins and other
bioactive compounds, fat or oil supplementation, as well
as enhancing the digestibility of low-quality forages
with the addition of fibrolytic enzymes, dietary nitrate,
or urea. Studies on net GHG emissions modelling were
conducted in both commercial and communal sectors.
Only two studies addressed ruminant manure GHG emis-
sions, with no research on any other manure manage-
ment systems like slurry tanks, composting, or anaerobic
digesters.

A total of 51 articles were retrieved under the soils, crops,
and pastures emissions. The content review revealed that
studies mainly focused on:

¢ Soil GHG emissions (N,0O, CH,, and CO,; 28 articles)

e Soil carbon sequestration (11 articles)

e Rangeland management to reduce carbon emissions (8
articles)

e There were significantly fewer studies on crop emissions
(4 articles)

Researchers also detailed their research and institutional
capabilities including infrastructure. Table 1 outlines the
existing research capabilities and highlights areas requiring
further investment to advance agricultural GHG research.
The table represents only South Africa, as research infra-
structure and equipment for agricultural GHG studies are
primarily concentrated in South African institutions. Other
countries lack the necessary infrastructure and often rely on
South African laboratories and facilities for sample analysis.

Prevailing challenges

Nearly 50% of the surveyed researchers reported that they
currently do not have funding for research. Many researchers
without funding indicated that they only received financial
support during their doctoral studies and have not been able
to conduct new research since completing their doctoral
studies. Others indicated that the funding they receive is lim-
ited to covering research costs and is insufficient for infra-
structure investment. The reliance on external institutions
for analytical aspects further exacerbates research costs,
highlighting the critical need to address funding challenges
in agricultural GHG research.

A significant proportion of respondents (~60%) indicated
that their institutions lack the necessary infrastructure and
equipment. Consequently, they often must source analytic

Table 1 Agricultural greenhouse gas (GHG) research and infrastructure-related capability

Analysis

Infrastructure/equipment

In vitro gas production of feedstuffs
Measurement/estimation of enteric emissions from livestock

Measurement of emissions from soil, pasture, and animal manure

Modelling and estimation of net greenhouse gas emissions in farming systems

Farm-gate life-cycle analysis to quantify GHG emissions in farms.

Rumen cannulated animals, incubator, gas chromatography

Open-circuit respiratory chambers

GrowSafe system

Laser methane detector

Sulfur hexafloride method

Static chambers for measuring soil nitrous oxide

GHG analyser and gas chromatography for measuring soil
nitrous oxide

Carbon emission chambers and data loggers

carbon nitrogen 628 for soil carbon measuring

Carbon sinks in dairy systems

Farm-gate life-cycle analysis

@ Springer
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services from other organisations, which is a very expensive
alternative. One institution reported that its existing equip-
ment for in vitro methane measurement is over 10 years old
and is in urgent need of a major upgrade.

Stakeholder recommendations

Stakeholders at the workshop provided several key recom-
mendations to enhance communication and collaboration
among regional researchers, policymakers, industry, and
farmers. These recommendations aim to ensure that exist-
ing research effectively serves or connects with stakeholders.

The primary recommendation is to align research efforts
with the conditions, needs, and priorities of farmers and
other stakeholders. This includes conducting baseline
assessments to deeply understand farmers’ requirements
and ensuring that research recommendations are grounded
in real-world needs rather than theoretical frameworks. By
adopting this approach, researchers can tailor their studies
to address practical challenges faced by farmers, thereby
increasing the relevance and impact of their findings.

Stakeholders emphasised the importance of fostering
collaborative partnerships throughout the research process.
They suggested that farmer associations and other relevant
groups should be actively involved in research projects from
the outset. This collaboration allows researchers to leverage
the wealth of knowledge and experience possessed by these
stakeholders, leading to more holistic and contextually rel-
evant research outcomes. Moreover, research outputs should
be formulated in an easily understandable format to facilitate
adoption by farmers and other end-users.

The third recommendation highlights the need for a uni-
fied government mandate and policy integration to address
inconsistencies in existing rules and regulations. Fragmented
policies across different government departments can hin-
der the effective implementation of sustainable agricultural
practices. Therefore, stakeholders advocate for the develop-
ment of a partnership framework involving researchers, poli-
cymakers, and other relevant stakeholders. This framework
would promote transdisciplinary research and align it with
national master plans, ensuring coherence and consistency in
policy formulation and implementation. Such an integrated
approach is crucial for facilitating the transition towards
more sustainable agricultural practices.

Discussion

The results of this paper underscore the urgent need for a
dedicated collaborative forum to foster regional cooperation
and advance agricultural GHG research in southern Africa.
The study enriches the ongoing discourse of low-emission
and climate-resilient food systems by identifying key actors,

thematic areas, research capacity, available infrastructure,
and prevailing challenges in agricultural GHG research in
southern Africa.

The network map revealed a significant gap in agricultural
GHG studies within Southern Africa, with less than 40% of
publications originating from countries other than South
Africa. This suggests that the agricultural GHG research
ecosystem is fragmented and dominated by South African
contributions. While this highlights South Africa’s research
leadership and capacity, it also underscores the marginal
participation of other Southern African countries. This
imbalance has significant implications for regional knowl-
edge production, policy formulation, and equitable resource
distribution. Countries with limited research presence may
struggle to develop context-specific mitigation strategies due
to a lack of locally generated data and expertise. Addressing
this disparity requires intentional efforts to expand research
networks and strengthen capacity-building.

One of the most striking findings from the network maps
is the high level of fragmentation in agricultural GHG
research across the region. The visual representation indi-
cates that research institutions and individual researchers
operate within distinct clusters with minimal cross-collabo-
ration. Various research teams tend to operate independently
within their respective fields. This disciplinary and institu-
tional separation limits knowledge exchange and prevents
the pooling of resources and expertise. Such fragmentation
leads to inefficiencies, including duplication of efforts and
missed opportunities for synergies in research methodolo-
gies, data collection, and policy recommendations.

Fragmentation of research has previously been identified
as a major barrier to transformative research in food sys-
tems (Kok et al. 2019). The siloed nature of current research
efforts fails to adequately address persistent food system
challenges due to a lack of integration and consideration
of trade-offs, unintended consequences, and systemic feed-
back loops (Kang and Banga 2013; El Bilali 2019). Address-
ing this challenge requires a shift from siloed research and
fostering transdisciplinary collaboration networks (Jordan
et al. 2023; Munialo et al. 2023). This involves encouraging
researchers from diverse disciplines to work together in a
consortium towards shared goals and integrating multiple
perspectives from various fields to address complex chal-
lenges. Transdisciplinary research is important considering
the complexity of food system challenges, which require
multifaceted solutions that incorporate viewpoints from dif-
ferent disciplines (Kok et al. 2019; den Boer et al. 2021). It
should also involve non-academic actors such as policymak-
ers, business leaders, and farmers, who play crucial roles in
food systems (den Boer et al. 2021).

The network map further revealed the lack of a significant
regional collaboration network among the institutions. With-
out well-established networks, research findings struggle to
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inform policy decisions effectively. Moreover, limited col-
laboration reduces the likelihood of securing large-scale
international funding, as funders often prioritise well-
coordinated, multi-institutional projects with broad impact.
Pouris and Ho (2014) also reported low collaborative
research across African institutions, attributing this to low
funding, inadequate support, lack of collaborative networks,
government disinterest in research, and lack of mentorship.
They suggest establishing regional research and innovation
systems, or an ‘African Research Union” would better serve
Africa’s science and developmental needs (Pouris and Ho
2014). Other studies have shown that a large collaborative
network among regional institutions enhances learning and
contributes to solving local complex problems (van der
Wouden and Youn 2023). Therefore, creating a network of
regional institutions is crucial for addressing the challenges
facing regional food systems.

The situational analysis showed that agricultural GHG
research is mostly conducted in South Africa, with limited
involvement from other Southern African countries. This
suggests that agricultural GHG research has not gained sig-
nificant traction in other Southern African countries where
infrastructure and capacity are limited, less research funding
is allocated nationally to GHG research, and access to inter-
national funding sources is also limited. Survey respondents
and participants in the stakeholder consultation workshop
cited a lack of infrastructure and funding as the main rea-
sons for this limited engagement. Graham et al. (2022) simi-
larly reported a low number of GHG-related studies across
sub-Saharan Africa, which were also limited in focus and
geographic scope. Other researchers have indicated that the
limited involvement of African countries in GHG research
is due to financial, infrastructural, and human resource
challenges, which deter researchers from pursuing this field
(van der Wouden and Youn 2023; Graham et al. 2022). This
can impede progress towards sustainable food systems and
development at national and regional levels. To address
this, efforts should be made to raise awareness about the
importance of GHG research and its relevance to national
development priorities. Governments can play a key role by
providing funding, policy incentives, and capacity-building
initiatives. Additionally, involving regional organisations in
research projects can help build research capacity, facilitate
knowledge exchange between countries, and contribute to
broader policy development.

The situational analysis also revealed a lack of infra-
structure and funding as major barriers to enhancing
research capacity and conducting high-quality scientific
studies, as previously reported in the literature (Cho et al.
2023). This lack of resources forces researchers to scale
back their projects, delay research activities, or pursue
alternative funding sources, which limits progress in
generating scientific evidence. The scarcity of funding
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and infrastructure not only affects the scale and pace of
research but also has broader implications for the research
ecosystem. Inadequate funding and infrastructure may
prevent talented researchers from pursuing academic or
research careers, leading them to seek opportunities in
countries or institutions with better resources and support
systems, thereby contributing to a dearth of research tal-
ent, especially among early-careers researchers. den Boer
et al. (2021) argue that research and innovation funding
structures are misaligned, with investments unevenly
distributed across sectors and disciplines, and a lack of
incentives to develop holistic, integrated research and
innovation approaches. Both private and public funders
can support the transformative potential of research by
establishing more integrated transdisciplinary and mis-
sion-driven funding programmes. By investing in research
capacity building, supporting infrastructure development,
and promoting collaborative and mission-driven funding
approaches, stakeholders can create an enabling environ-
ment for high-quality scientific research that drives posi-
tive societal change (Kok et al. 2019).

Research infrastructure and equipment for agricultural
GHG studies are primarily concentrated in South African
institutions. Other Southern African countries lack the nec-
essary infrastructure and often rely on South African labo-
ratories and facilities for sample analysis. This highlights
a significant gap in regional research capacity, reinforcing
the need for investment in infrastructure, equipment, and
capacity-building initiatives across the region to enable inde-
pendent research in other countries.

The research capacity demonstrated in the findings
reveals a significant depth of knowledge and expertise in
various aspects of GHG emissions within farming systems.
This research capacity spans multiple research themes
known to mitigate agricultural GHG emissions, including
animal feed management, diet formulation, rumen manipula-
tion, and soil carbon sequestration (Arndt et al. 2022; Gra-
ham et al. 2022; Rodrigues et al. 2023).

Despite the substantial research capacity, there are nota-
ble gaps and limitations. While there has been research on
methane emissions from livestock and soil carbon sequestra-
tion, studies integrating multiple emission sources within
farming systems are lacking. There is a need for research that
incorporates the full life-cycle analysis of emissions from
soil, livestock, crop production, and waste management.
In addition, manure management is a significant source of
GHG emissions in agriculture (Won et al. 2020; Graham
et al. 2022), yet there is absence of suitable facilities for
measuring emissions from manure treatment processes lim-
its the understanding of effective mitigation strategies in
this area. Future research should explore innovative manure
management strategies that reduce emissions while enhanc-
ing soil fertility.
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Beyond research capability, there are significant gaps
between research and policy (Opejin et al. 2020). This
study revealed a noticeable scarcity of research focused on
policy across the thematic areas. Other researchers have also
reported gaps between research and policy in transforming
food systems (Kok et al. 2019; den Boer et al. 2021; Munialo
et al. 2023). This gap could be partly attributed to low col-
laboration between research and policy institutions (Munialo
et al. 2023). Given that decisions impacting food systems
are made across multiple governance levels from local to
global, there is a need for mechanisms to link researchers
and policymakers. Collaboration with policy institutions
can facilitate the translation of research findings into policy
frameworks, ensuring that research evidence informs deci-
sion-making (Munialo et al. 2023).

The stakeholders’ proposed solutions emphasise several
crucial actions for advancing agricultural GHG research.
The first key recommendation highlights the importance
of aligning research efforts with the conditions, needs, and
priorities of farmers and other stakeholders, as emphasised,
in previous studies (Middendorf et al. 2020). Another cru-
cial aspect highlighted by stakeholders is the promotion of
collaborative partnerships throughout the research process.
Grill (2021) argues that improving stakeholders’ collabora-
tion is still a desirable objective in research priority setting
as this allows actors to use one voice which is an important
condition for success. In addition, Thornton et al. (2018)’s
framework for priority setting in climate-smart agriculture
research posits that engaging stakeholders throughout the
research process ensures that priorities align with the needs
and preferences of end-users, including farmers, policymak-
ers, and other relevant actors. The last recommendation by
the stakeholders highlights the need for a unified govern-
ment mandate and policy integration to address contradic-
tions in existing policies as also previously reported in the
literature (Newell et al. 2019). This is important considering
that fragmented policies across different government depart-
ments/ministries can hinder the effective implementation of
sustainable agricultural practices (Newell et al. 2019).

The way forward

The situational analysis highlighted that the current land-
scape of agricultural GHG research in Southern Africa is
inadequate for addressing urgent systemic challenges of
GHG emissions management and quantification in food
systems. This inadequacy is due to fragmented research
in science and policy, a lack of funding and infrastructure,
and limited involvement of stakeholders. Despite these
challenges, there is significant potential for transforma-
tive change because of the significant depth of knowl-
edge and expertise in various aspects of GHG emissions.
Addressing the challenges requires a concerted effort from

governments, funding agencies, research institutions, and
other stakeholders (Herrero et al. 2021).

Learning from other countries can provide valuable
insights into overcoming challenges highlighted in this sit-
uational analysis. For example, New Zealand’s collabora-
tive initiatives demonstrate how coordinated efforts among
diverse stakeholders can lead to impactful outcomes in
mitigating agricultural GHG emissions and promoting
sustainable practices (AgResearch 2022). Their model
involves cooperation between the government, research
institutions, and the farming community (AgResearch
2022). Through strategic multisectoral collaboration and
resource pooling, New Zealand has effectively addressed
research fragmentation and leveraged its expertise to drive
innovation and development in agricultural GHG mitiga-
tion (Grieco et al. 2019; Graham et al. 2022).

Climate-smart agriculture initiatives in East Africa also
demonstrate the benefits of integrating multiple stakehold-
ers into a robust partnership model (Kirina et al. 2022).
These initiatives have promoted sustainable agricultural
practices that enhance resilience to climate change while
reducing emissions (Kirina et al. 2022). They emphasise
the importance of aligning research with the needs of
farmers and policymakers, ensuring that scientific find-
ings are translated into actionable practices. The success
of these initiatives highlights the critical role of stake-
holder engagement and effective dissemination of research
outcomes.

Progress has been made toward establishing a regional
collaborative forum promoting transdisciplinary and
multisectoral collaboration in Southern Africa. The
Qinisa project, a regional collaborative project aimed at
strengthening low-emission climate-resilient food systems
in southern Africa, has been established. This project
will connect researchers across disciplines, institutions,
countries, and regions to conduct cutting-edge research
on low-emission and climate-resilient food systems. The
project will involve research institutions, academia, poli-
cymakers, supporting industries, the private sector, farmer
organisations, and international organisations. Extensive
stakeholder consultations are already underway. A central
component of the Qinisa project is the development of
an information and advisory portal to facilitate informa-
tion sharing and knowledge exchange among stakeholders.
This portal will connect ongoing and planned agricultural
GHGe-related research activities and investments, foster-
ing collaboration, and reducing fragmentation. Addition-
ally, the project will support the dissemination of scien-
tific findings to policymakers and promote the adoption of
innovations by producers. Through enhanced collabora-
tion and innovation, the Qinisa project is poised to pave
the way toward low-emission and climate-resilient food
systems.
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Limitations of the study

There were a few limitations to the study. First, the study
primarily focuses on nine Southern African countries, with
a significant research bias toward South Africa, which has
the highest research output in the region. As a result, find-
ings may not be fully representative of other countries with
limited research capacity, leading to a skewed understanding
of regional trends. Second, the bibliometric analysis relies
exclusively on the Web of Science Core Collection, which
excludes non-indexed regional journals, institutional reports,
and grey literature that may contain relevant research. This
limitation could contribute to an incomplete picture of the
research landscape. Additionally, the study applies strict
inclusion criteria, considering only peer-reviewed origi-
nal research articles, thereby excluding review papers and
conference proceedings that may provide valuable insights.
Addressing these limitations in future research could
enhance the robustness and applicability of findings.

Conclusion

The research examined the current state of agricultural GHG
research and collaboration in Southern Africa. Despite some
positive developments, several challenges persist that hin-
der the progress of agricultural GHG research in the region.
Key obstacles include fragmented research efforts, limited
multi-institutional collaboration, insufficient involvement of
countries other than South Africa, and a lack of funding and
infrastructure. Additionally, there is a significant disconnect
between research and policy, which hampers the translation
of research findings into practical policy measures.

The situational analysis highlighted the urgent need for
transdisciplinary collaborative efforts, involving not only
academic researchers but also policymakers, industry, and
farmer associations, to address the challenges facing agri-
cultural GHG emissions research. Establishing a transdisci-
plinary regional research collaboration programme, in part-
nership with other countries, will provide a solid foundation
of scientific knowledge and information. This foundation is
crucial for helping decision-makers and stakeholders navi-
gate the complexities of identifying and implementing agri-
cultural GHG emissions reduction strategies.
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