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Abstract: Land degradation poses a significant global challenge, adversely affecting soil quality
and diminishing the productivity of arable land, which, in turn, impacts food production and
ecosystem services. This degradation manifests in various forms, including soil compaction, salinity,
nutrient depletion, loss of biodiversity, and contamination, ultimately rendering soil unproductive
and exacerbating climate change. Given the challenges arising from conventional farming practices
and climate change, there is an urgent necessity to develop agricultural systems that not only enhance
agronomic efficiency but also improve environmental performance. This study focuses on addressing
food security in Africa by investigating the role of land restoration and biodiversity in sustainable
food systems through a comprehensive bibliometric analysis for documents between 2010 to 2023,
identifying 64 relevant documents. The analysis reveals insights into the most-cited documents and
thematic evolution, underscoring the significant contributions from Ethiopia and advocating for
collaborative efforts among African nations. Key themes identified include “climate change”, “food
security”, “biodiversity conservation”, and “agroecosystems”, all highlighting the importance of
sustainable agricultural practices. The study anticipates a continued prioritization of agroecosystems,
smart agriculture, and biodiversity conservation to tackle food security challenges in the face of
climate change. Collaboration, investment in research, and practical initiatives emerge as essential
components for achieving sustainable food security and mitigating climate change impacts in Africa.
This research provides valuable insights into the current landscape and future trends regarding the
contributions of land restoration and biodiversity to food systems in Africa, emphasizing the critical
need for concerted efforts to address these pressing issues.

Keywords: agroecosystems; biodiversity conservation; climate change; food security; land degradation

1. Introduction

Land degradation is a significant global challenge that comprises the decline in soil
quality and its ability to support the production of economic goods and ecosystem services.
It is a widespread issue that reduces the productivity and functionality of arable land [1].
Soil degradation can manifest in various forms such as soil compaction, salinity, nutrient
depletion, loss of biodiversity, and contamination, ultimately resulting in unproductive
soil. This makes the progression one of the principal contributors to climate change, by
increasing emissions and reducing carbon sinks [2]. However, the primary contributor
to land degradation is reported to be the intensive conventional agricultural production
system. For instance, research conducted has shown that the use of pesticides has a negative
impact on soil biodiversity. Additionally, Blanco-Canqui and Lal [3] have observed that
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the use of mechanical tillage can damage soil structure and accelerate the decomposition
process, resulting in nutrient loss through leaching and volatilization, as well as disrupting
the balance in nutrient supply.

Furthermore, the severity and impact of land degradation depend on factors like
the crops cultivated, soil type, and management practices employed. This issue has
global implications, as it not only compromises soil stability but also leads to negative
shifts in food systems. This, in turn, directly undermines food security, particularly in
developing regions such as Africa that are vulnerable to the effects of climate change [2].
As a result, it has been observed that African current food systems are not following a
sustainable path that would allow us to achieve the Sustainable Development Goals by
2030. Consequently, food productivity in Africa is reported to experience a 5% decline
for each ◦C temperature increase. Hence, approximately 22% of Africa’s population,
totaling 277 million people, currently suffer from hunger, and this figure is stated to rise
up to 350 million by 2050 if practical and effective adaptation measures are not taken [4].
Major shortcomings are evident in meeting food production, promoting inclusivity, and
reducing environmental impact. The challenges posed by land degradation, resulting
from factors such as conventional intensive agricultural production systems and climate
change, necessitate innovative solutions and sustainable land management practices. This
underscores a clear need for the development of agricultural production systems that can
not only increase agronomic efficiency, but also improve environmental performance. This
will necessitate enhancing the research on agricultural practical systems that are informed
by these risks within the continent [5]. As some studies suggested, farmers, particularly in
developing nations, might address climate change by reverting to more natural productive
systems, which offer enhanced ecological and societal benefits [6].

Historically, agroecosystems (such as agroecology and agroforestry) worldwide have
demonstrated a remarkable resilience in response to the growing pressure to produce food
for the expanding human population under climate change. These are considered as pri-
mary alternative strategies in achieving sustainable food production within an ecologically
friendly ecosystem [7]. These sustainable practices have been demonstrated to enhance
farm efficiency, ensure yield stability and resilience in food production, lower production
costs, and yield numerous ecosystem benefits [8]. For instance, the implementation of
land restoration practices as innovative practices has been observed to allow smallholder
farmers to strengthen and double food production even in the face of climate change [9,10].
Explicitly, it has been accentuated that agroecology could be a critical approach to achieving
sustainable food systems in Africa [11]. This approach focuses on designing, developing,
and promoting the change towards biodiversity and low external input-based, socially
comprehensive farming and food systems. Similar benefits were noted in a practical study
conducted in Malawi by Nyantakyi-Frimpong et al. [12], where the adoption of agroecolog-
ical practices led to an enhancement in agricultural productivity within the semi-humid
tropics. Simultaneously, agroforestry has also become increasingly attractive for enhancing
food production in the face of climate change. By integrating trees and shrubs with crop or
livestock production, this practice offers a potentially sustainable solution for promoting
healthier soils. This practice can boost agricultural production and improve ecological
performance [13]. Additionally, beyond their role in providing essential services like food,
fodder, fiber, and fuelwood production, agroforestry offers a multitude of ecosystem bene-
fits. These include regulating nutrient cycling, sequestering carbon, providing habitat for
biodiversity, controlling erosion, managing fire and floods, and offering recreational and
cultural amenities. Furthermore, these agricultural practices are not only promoting the
efficient utilization of land, water, and other vital resources, but also represent some of the
most ecologically sustainable approaches to tackling food insecurity [14].

Despite the evident advantages, it is acknowledged that implementing sustainable
practices and biodiversity-friendly management systems can be more complex. These sys-
tems require a comprehensive understanding of local ecological conditions, as mentioned,
which may demand extra efforts in terms of planning and implementation. This complex-
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ity, though it may pose challenges, is a testament to the holistic nature of these systems,
which take into account the intricate relationships within ecosystems [15,16]. Therefore,
addressing the challenges of implementing agroecosystem practices and biodiversity to
support sustainable food security requires collaboration and investment in research and
innovation. Certainly, emphasizing the need for collaboration and investment in research
and innovation is essential for developing appropriate technologies and policies, as high-
lighted by Smith and Gregory [17]. This requires a comprehensive understanding of the
practical work available in the literature, which can assist researchers in enhancing and
testing these practices for the resilience of food systems, especially in regions like Africa.

However, there is a lack of research that assembles and documents these trajectories for
contribution of land restoration and biodiversity in food systems of Africa. Consequently,
there is a need for a systematic review to assess the historical application and trends
in monitoring perspectives regarding the adoption, successes, and application of land
restoration and biodiversity in the food systems of Africa. Therefore, the objective of this
study was to offer a comprehensive overview of the evolution of research trends on the
contribution of land restoration and biodiversity in food systems of Africa. This is based
on the streamlined published research documents that accommodate the niche area, with
the following specific objectives:

1. To provide a comprehensive overview of the historical and current trends in research
on the contribution of land restoration and biodiversity to food systems in Africa.

2. To analyze the co-occurrence of authors’ keywords to gain insights into the research
hotspots within this field of study.

3. To identify current research themes and emerging topics related to land restoration,
biodiversity, and food systems in Africa.

Therefore, enhancements in the application of these practices could be promoted to
ensure sustainable and resilience in food production in Africa. This can be accomplished by
utilizing bibliometric analysis, which is a methodical and statistical approach. A bibliomet-
ric approach offers an informative and unbiased scientific analysis of the current research
trends and future prospects in a particular niche field [18,19]. The fundamentals of this
study are to offer an African overview of the practical use and contribution of land restora-
tion, as well as biodiversity practices and their integration for sustainable food systems
of Africa. This study also identifies other feasible research topics for current and future
land restoration and biodiversity conservation practices for African food systems studies.
Furthermore, this study contributes to the literature advancing the use of land restoration
and biodiversity management interventions that ensure resilience of food security in Africa
under climate change.

2. Contribution of Land Restoration and Biodiversity in Food Systems
2.1. Land Restoration for Sustainable Food Systems

Land degradation, often stemming from unsustainable agricultural practices, neg-
atively impacts the ability to maintain fertile soil and produce food sustainably. This
degradation undermines efforts to produce healthy and nutritious food, as highlighted in
the UNCCD COP15, 2026 [20,21]. Additionally, land degradation also indirectly affects
food productivity through the depletion of ecosystem services [2]. For example, when land
is degraded, it loses its ability to retain water and regulate water flows effectively. This can
result in decreased soil fertility, reduced food productivity, and increased vulnerability to
droughts and floods. These changes in water availability and quality from the soil can have
negative effects on food production and the availability (see Figure 1) [22,23]. Therefore,
avoiding, reducing, and restoring arable/grazing land can be essential for sustainable of
food productivity. The transformation of food systems holds the key to reversing land
degradation and promoting land restoration. By adopting a comprehensive approach, it is
possible to shift from considering food systems as the primary cause of land degradation to
becoming the driving force for restoration and recovery [20,24]. Moreover, as highlighted
by Cao et al. [25], making advancement in interventions for land restoration and imple-
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menting effective planning and management, supported by appropriate investments, is
crucial for achieving sustainable agricultural productivity. Additionally, it emphasizes the
importance of prioritizing the protection and restoration of natural environments for the
optimal well-being of nature. Consequently, it has been observed that land restoration
practices may be beneficial when concentrating exclusively on ecosystem elements that
contribute to both current and future food production. Promoting land restoration inter-
ventions, to the greatest extent possible, preserves or improves food production; this can
effectively minimize the ecological “opportunity costs” associated with food production,
allowing for the reversion of certain ecosystems to a state of natural restoration with little
or no farming activity [26–28].
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Several studies have demonstrated the success of land restoration practices in en-
hancing food security. For example, a study by Sawadogo [30], in Burkina Faso, showed
how land restoration interventions, especially focusing on forest landscape restoration,
can mitigate food insecurity among smallholder farmers. By improving land productivity,
these interventions increase agricultural yields and contribute to increased food production
and availability. Land restoration practices provide essential ecosystem services like water
regulation, biodiversity conservation, and microclimate control, supporting agricultural
productivity, particularly in lean seasons. Integrating land restoration interventions into
policy and practice is crucial for scaling up these practices and ensuring sustained adoption.
This study highlights the potential of ecosystem restoration to enhance food security and
can inform policymakers and practitioners in implementing similar interventions in other
regions under climate change. A similar study conducted by Woolf et al. [31] in Ethiopia
examined the opportunities and constraints in scaling up the impact of land restoration
practices on food resilience. The study highlighted the integration of aid in food secu-
rity programs, such as Ethiopia’s Productive Safety Net Program (PSNP), which aims to
reduce long-term dependence by investing in the productive capacity and resilience of
communities. The study explored how these programs incorporate aid in exchange for
labor on public works, which can contribute to land restoration efforts and enhance food
security. By examining the interactions between land restoration practices, food security
programs, and community resilience, the study provides valuable insights for policymak-
ers and practitioners aiming to scale up the impact of land restoration interventions on
food security.

Furthermore, another study by Paul et al. [32] aimed to clarify the potential of livestock
production systems in facilitating sustainable transformations in agri-food systems through
the regeneration of soils and restoration of degraded landscapes. The study concludes
that livestock has the capacity to regenerate soils and restore landscapes, which, in turn,
contributes to the development of nature-positive production systems. This is considered
a crucial element for achieving sustainable transformations in agri-food systems. The
study highlights the importance of recognizing and harnessing the regenerative potential
of livestock systems to enhance the sustainability of agricultural practices and improve
overall land health. Consequently, the extensive promotion and adoption of land restoration
measures, as advocated by Chidumayo and Gumbo [33], has been implemented to restore
or augment the provision of ecosystem goods and services. This aligns with the broader
goal of meeting food security and livelihood needs. Due to the tangible benefits offered by
land restoration practices, there is notable support from governments, donors, and non-
governmental organizations [34–36] for the implementation of these practices by farmers
and communities.

2.2. Biodiversity Conservation for Sustainable Food Systems

Biodiversity refers to the diversity present at different levels of biological organiza-
tion (genes, populations, species, and ecosystems) and across various terrestrial scales
(local, regional, or global) [37,38]. Biodiversity serves as the essential basis for ecosystems,
which offer a range of essential services crucial for the well-being of humans and food
production [39]. These services include the provision of essential resources, such as food
production and the stability of the hydrological cycle, along with the regulation of climate
and water quality. Also, they support soil nutrient cycling, soil formation, and photosyn-
thesis, leading to increased biodiversity (Figure 2). Additionally, they provide the cultural
benefits of aesthetic pleasure, recreation, and spiritual fulfillment [37,40]. According to a
study by Potts et al. [38], biodiversity plays a crucial role in attaining food security and
sustainable development, particularly in developing regions like Africa. The study em-
phasizes that effectively managing biodiversity is pivotal for the foundational aspect of
agriculture and food production. This concept of “biodiversity in agriculture” was first
introduced by Hanson [41] and underscores the importance of ecologists extending their
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scope beyond wild native plants to include domesticated, exotic, and cultivated plants in
order to enhance food production [42].
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Figure 2. The synergetic influence of agroecological systems on biodiversity conservation and
food security.

However, over the past few decades, there has been a significant global acceleration in
biodiversity loss [43]. This loss of biodiversity raises significant concerns about the potential
consequences for the resilience and stability of food systems and production [44]. This
decline could have huge effects on food security, with potential negative impacts on the
availability and accessibility of food resources, particularly in regions like Africa [37,45–47].
Furthermore, some studies have highlighted that the loss of biodiversity poses a significant
threat to the sustainability of food systems and the achievement of various Sustainable
Development Goals (SDGs), including the goal of “Zero Hunger” (SDG2) [48,49]. Ironically,
food systems themselves contribute significantly to the decline of biodiversity [50,51].
The expansion of current food systems is a significant driver of land use change [52,53]
and a major contributor to greenhouse gas emissions, leading to climate change [54] and
exacerbating biodiversity loss [43,55]. Consequently, biodiversity loss carries significant
economic and social implications, including increased poverty and hunger [37]. This
impact is particularly pronounced in developing regions such as Africa, where a substantial
proportion of the population directly depends on agriculture for both food security, and
livelihoods [46,56].

Therefore, prioritizing the development of effective practices and policies is crucial
for supporting biodiversity conservation and fostering sustainable food production [54,57].
By adopting biodiversity conservation approaches such as agroecological practices and
breeding for biodiversity, farmers can reduce their reliance on chemical inputs, enhance
soil health, and promote sustainable food production [13,58]. For instance, the study
conducted by Mburu et al. [59] in Kenya revealed that increasing agricultural diversity
not only enhances food resilience but also positively impacts the economy. They found
that production systems with high levels of agrobiodiversity significantly improve food
security among smallholder farmers. Similarly, Kerr [15] and Wezel et al. [58], highlight
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the importance of implementing these practices at the grassroots level to enhance farm
production and the overall food system. Multiple studies advocate for increasing awareness
regarding the importance of conserving biodiversity while simultaneously ensuring food
security [58–60]. These studies underscore the necessity for future food security strategies,
particularly for small-scale farmers, to incorporate the sustainable use of biodiversity in
agriculture while optimizing limited resources. By integrating biodiversity into agricultural
practices, farmers can bolster the resilience and productivity of their farming systems,
contributing to sustainable food security under changing climatic conditions.

2.3. Integration of Land Restoration and Biodiversity Conservation into Food Systems

Globally, ecosystems face threats from unsustainable land management practices
in agriculture, human activities, and climate change, resulting in land degradation that
disrupts food systems. Adopting sustainable practices to restore ecosystem productivity
and promote conservation can potentially mitigate or reverse these adverse effects on
landscapes [61,62]. However, such efforts operate within a complex mosaic of ecological
dynamics, requiring dynamic land use designs and adaptive management strategies to
effectively address these challenges. Some studies have emphasized that land restoration
measures, such as agroecological practices, along with ecological biodiversity protection,
have led to improvements in food production through water and fertilizer use efficiency by
reducing input requirements [63,64]. However, there has been a relatively limited focus on
stabilizing and enhancing crop yields through these methods. It is crucial to consider the
efficient utilization of intensive agricultural resources, including land, water, energy, and
nutrients, in endeavors to augment food production [65,66]. These strategies are gaining
importance on a global scale as society recognizes their multifaceted benefits and services:
biodiversity protection, capturing carbon, addressing climate change through adaptation
and mitigation, rehabilitating degraded ecosystems, and supporting rural development
initiatives [67].

Individually, land restoration and biodiversity conservation are recognized as cru-
cial components in achieving sustainable food systems worldwide [20,21,43,55,68,69].
WWF [20], Chan, et al. [21], IPBES [43] and Crippa [55] have extensively documented
their respective contributions to this goal. However, there exists a significant lack of
practical studies focusing on the integrated approach of combining land restoration and bio-
diversity conservation for enhancing food systems sustainability globally. Despite this gap,
various scholars have highlighted the potential synergies that can emerge from integrating
land restoration and biodiversity conservation efforts within the context of sustainable
food systems. Leakey [70], for instance, has emphasized the pivotal role of agroecosystems,
such as agroecology and agroforestry, in enhancing ecosystem attributes and food system
sustainability in developing regions like Africa. These agroecosystems contribute to land
and biodiversity restoration while fostering connectivity in fragmented ecosystem.

Moreover, they provide essential hydrological services, such as regulating water flow
and preventing sediment pollution in watersheds, which are crucial for enhancing the
resilience and sustainability of food systems [71]. Montagnini [72] highlighted that by
integrating land restoration practices like agroforestry or agroecology with biodiversity
conservation efforts, it is possible to create multifunctional ecosystems that not only support
food productivity but also enhance ecosystem services, biodiversity, and resilience to
environmental stressors (as shown Figure 3). As emphasized, food production systems
necessitate a diverse range of plants, animals, bacteria, and fungi to directly supply food
and support the essential ecosystem processes that enable agriculture. These processes
include water supply, soil fertility enhancement, pollination, and natural pest control, all of
which are crucial for sustainable agricultural practices [73]. Therefore, by applying a suite
of solutions across food systems in regions like Africa, it is possible to transform them from
being the primary cause of land degradation to the principal catalyst for restoration and
biodiversity recovery in response to climate change [74].
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3. Materials and Methods
Data Collection, Preparation, and Methods

This study utilizes three databases to compile a comprehensive dataset of scientific
literature for bibliometric analysis. The Web of Science (WOS), Scopus, and Dimensions
databases were scientifically extracted from 2010 to 30 October 2023. Then, we integrated
the aforementioned three databases. Figure 4 provides information on the selection criteria
used for identifying and selecting studies on land restoration, biodiversity, and food
systems in Africa that were subjected to bibliometric analysis. The bibliometric analysis
was carried out using bibliometric R-package (RStudio v4.2.3), biblioshiny [75,76].

The bibliometric search for the period from 2010 to 2023 was guided by specific criteria
and combinations of search terms, focusing on Africa to profile experts and their contri-
butions to Land Restoration, Biodiversity Conservation, and Sustainable Food Systems
(SFSs). The geographical restriction to Africa was aligned with the research objective of
identifying regional expertise to foster future collaborations and multidisciplinary studies.
The timeframe of 2010–2023 was selected to capture contemporary developments and cur-
rent experts in the field. The focus was on peer-reviewed publications, including research
articles, review articles, and conference papers, ensuring the inclusion of rigorously vetted
work. The search was limited to English, the predominant academic language, to enhance
accessibility and relevance. The search terms included the following: “Food systems”
OR “Food security” OR “sustainable food systems” OR “Sustainable Food security” OR
“Sustainable livelihoods” AND “Biodiversity conservation” OR “Biodiversity Protection”
AND Agroforestry OR Agroecology OR “Land restoration” OR “Ecological restoration”
OR “Ecosystem restoration” AND Africa* OR “Sub-Saharan Africa”. The use of an asterisk
(*) added to the main concepts was essential to widen the search and ensure the inclusion
of all relevant articles befitting the search criteria.
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4. Results
4.1. Spatial Distribution and Most-Cited Scientific Research Contributions Per Country

In Figure 5, the top 10 countries with Single Country Publications (SCP) are depicted,
with Ethiopia leading as the most prolific, followed by South Africa. This ranking under-
scores the significant individual contributions of these nations to the research landscape in
land restoration and biodiversity within African food systems. Notably, Kenya, Mozam-
bique, and Burkina Faso stand out as the only countries with Multiple Country Publications
(MCP), highlighting collaborative efforts in research endeavors. Intriguingly, despite their
high productivity, the top two countries, Ethiopia and South Africa, exhibit a notable
absence of collaborations beyond their respective borders. These findings provide valuable
insights into the publication patterns and collaborative dynamics among nations. They
shed light on the research landscape and cooperative efforts in advancing knowledge on
land restoration and biodiversity in African food systems.
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Figure 5. The contribution by country of the corresponding author’s country, representing inter-
country (MCP) collaboration and intra-country (SCP) collaboration.

4.2. Contribution of Documents in Terms of Impact/Summary of Top Most-Cited
Published Documents

The top 10 most highly cited documents on land restoration, biodiversity, and food
systems in Africa were explored (Table 1), with the leading document authored by Gliess-
man [11]. This study proposes a five-level approach for transforming the global food
system, including Africa’s food system, through the application of agroecology. The first
level emphasizes improving the efficiency of industrial and conventional practices to mini-
mize the use of costly and environmentally damaging inputs. It also introduces the concept
of fostering ecological awareness. The second level involves transitioning towards alter-
native practices, substituting conventional inputs and methods to promote sustainability
and reduce environmental impact. The third level advocates for the redesign of agroecosys-
tems by embracing new ecological processes, thereby transforming agricultural systems
to function harmoniously with nature. The fourth level focuses on establishing a more
direct connection between food producers and consumers, fostering relationships that pri-
oritize sustainability, equity, and justice. At the fifth level, the approach is to build a global
food system on the foundation of sustainable agroecosystems and equitable relationships.
This involves emphasizing democracy, participation, and justice to protect and restore the
Earth’s life support systems.
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Table 1. Top most-cited documents on the contribution of land restoration and biodiversity in food
systems of Africa.

Rank Paper PY Document Title TC/Y TC

1 [11] 2016 Transforming food systems with agroecology 19.88 159
2 [77] 2021 Impact of climate change on biodiversity and food security 15.33 46
3 [78] 2017 Farmland tree species diversity and spatial distribution pattern 6.43 45
4 [79] 2014 Gender, agroforestry and food security 4.1 41

5 [80] 2014 Can agroforestry option values improve the functioning of drivers
of agricultural intensification 3.3 33

6 [81] 2018 Does adaptation to climate change and variability provide
household food security? 4.5 27

7 [82] 2015 Perspective on crop modelling in the management
of intercropping systems 2.67 24

8 [83] 2021 Assessing Land Use and Land Cover Change and Farmers’
Perceptions of Deforestation and Land Degradation. 7 21

9 [84] 2019 Implications of environmental sanitation management
for sustainable livelihoods 3.6 18

10 [85] 2021 Food security and environment conservation through
sustainable use of wild and semi-wild edible plants 5.33 16

PY = publication year; TC/Y = Total citation per year, TC = Total citation.

A comprehensive review conducted by Muluneh [77] employs secondary data encom-
passing climate models, emission data, migration patterns, and extinction scenarios. It
systematically examines the intricate relationship between climate change, biodiversity,
and food security. The findings indicate that climate change-induced shifts in species
distributions are characterized by a median rate of 11.0 m and 16.9 km per decade towards
higher elevations and latitudes. These shifts, coupled with diverse migration scenarios,
underscore extinction risks ranging from 21–23% (under unlimited migration) to 38–52%
(with no migration) among 1103 species. These shifts have simultaneous repercussions
on food security, particularly in rain-fed agriculture-dependent communities. The author
emphasizes that a strategic approach to harmonizing food security and biodiversity conser-
vation necessitates prioritizing conservation efforts. This approach should be favored over
resource-intensive strategies, such as expanding agriculture and exploiting new fish stocks.
Instead, the study advocates for the adoption of more sustainable practices, including the
reduction of food waste and support for food-insecure populations. It also emphasizes the
importance of biodiversity conservation, optimized utilization of genetic resources, and the
integration of traditional ecological knowledge.

In a study conducted in Ethiopia by Endale et al. [78], the spatial occurrences of tree
species biodiversity were examined to inform interventions for enhancing food productivity.
The research revealed significant positive relationships between land-holding proportions
and the abundance and basal area of tree species, though no such correlation was observed
with species richness. The authors recommended specific interventions, including the uti-
lization of seedlings from diverse tree species to enhance planting across farm ranges, given
their high quality. Additionally, they underscored the importance of prioritizing water and
grazing-land considerations to enhance the seedling and regeneration of newly planted
trees. Ultimately, the authors emphasized that implementing these interventions would
contribute to an enhanced resilience of the farming system in the face of climate change.

In a study by Kiptot et al. [79], the contribution of agroforestry to food security was
explored from a gender perspective, highlighting its significant impact on food produc-
tion with active involvement from both men and women. However, the study revealed
that women’s participation and benefits are constrained by cultural norms and resource
limitations. This emphasizes the need for the implementation of recommended policies,
technological advancements, and institutional interventions to maximize women’s contri-
butions to food security through agroforestry.

Carsan et al. [80] explored agroforestry’s potential to strengthen the resilience of agri-
cultural commodity production systems, demonstrating that resource-conserving practices,
such as improved fallows featuring legumes in rotations or intercrops, not only restores
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soil nutrients and increases soil carbon but also reduces fertilizer dependence by 50%. The
study advocates for further research, emphasizing the need to integrate ecological knowl-
edge with an understanding of socio-economic constraints. This integration is essential to
answer the full potential of diversification in enhancing productivity, ecosystem functions,
and adaptability across diverse African farm settings.

Amare and Simane [81] employ a propensity score matching approach in Ethiopia to
assess the impact of adopting climate change adaptation options on household food security.
Their findings reveal an alignment with factors such as male household heads, larger family
size, access to extension services, increased landholding, and a history of frequent droughts
and floods. The authors recommend policy interventions focusing on soil and water
conservation, small-scale irrigation, agronomic practices, and livelihood diversification as
integral elements of a holistic food security strategy. These recommendations are applicable
not only in similar contexts but also transferable to other developing countries facing
analogous challenges.

In South Africa, Chimonyo et al. [82] conducted a study examining the concepts of
intercropping and elucidating the capture and utilization of resources within such systems.
Their findings indicated that increased crop biodiversity through intercropping contributes
to improved resilience, food security, and nutrition. The authors emphasized the impor-
tance of farmers possessing comprehensive knowledge regarding species combinations,
arrangements, and proportions to maximize the benefits of intercropping. They noted
that existing agronomic recommendations predominantly focus on monoculture practices,
which hinders the optimization of intercrop systems. As a result, it is concluded that there
is a critical need to advance agricultural research on intercrop systems by integrating both
conventional and modern research approaches.

Kouassi et al. [83] conducted a study in Cote d’Ivoire to examine land use and land
cover (LULC) changes and farmers’ perceptions of the drivers and effects of deforesta-
tion and land degradation. Their findings revealed that the primary impacts associated
with deforestation included land degradation (70.6%), loss of biodiversity (63.8%), global
warming (56.9%), and loss of livelihood assets (54.3%). In response to these challenges, the
authors recommend the implementation of participatory landscape planning, reforesta-
tion initiatives, and capacity building for stakeholders. These measures aim to promote
sustainable intensification of production systems, thereby mitigating LULC issues and
enhancing the productive and protective functions of remaining forests. In another study
conducted in Ghana, Mensaha and Enu-Kwesi [84] examined the consequences of environ-
mental sanitation on three coastal livelihood activities: fishing, tourism, and salt production.
Their findings indicated that sanitation exerted a significant influence on the livelihoods
associated with these activities. This impact affected various aspects, including health,
productivity, income, job security, and the sustainability of the physical environment. The
study underscores the need for sanitation behavioral change communication messages
from responsible stakeholders. These messages should emphasize not only the intrinsic
value of sanitation for human health, but also highlight the intricate linkages between
sanitation practices and the comprehensive sustainability of livelihoods. This connection is
particularly relevant within the context of tourism, fishing, and salt production.

Kidane and Kejela [85] conducted an ecological study in Ethiopia to ascertain and
record wild and semi-wild edible plants (WSWEPs) along with their conservation statuses.
The findings revealed a predominant presence of tree species (14 species; 41.2%), succeeded
by herbs and shrubs, each comprising 10 species (29.4%).

The study emphasizes the imperative of collaborative efforts between local commu-
nities and the Forest Administration. This collaboration is essential for the sustainable
utilization of edible plant species in the study area. Such collaboration is deemed crucial to
prevent the escalation of these resources to a critically endangered status.

The selected top 10 articles analyzed in this study underscore the crucial importance
of integrating sustainable practices in agriculture to enhance food security, biodiversity
conservation, and overall resilience of farming systems in Africa. These studies emphasize
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the potential of agroecology, agroforestry, intercropping, and land restoration initiatives in
mitigating the adverse impacts of climate change on agricultural productivity and food secu-
rity. Furthermore, the roles of gender equity, policy interventions, and institutional support
are highlighted as essential components to maximize the contributions of women to food
security and sustainable farming practices. The findings also stress the significance of con-
servation efforts, participatory planning, and behavioral change communication strategies
to address challenges such as deforestation, land degradation, and environmental sanitation.
Ultimately, these efforts promote the sustainable management of natural resources and the
protection of livelihoods within diverse African farm settings, as highlighted by Djenontin
et al. [86] and Ziadat et al. [87]. Through a comprehensive and holistic approach, these
studies provide valuable insights and recommendations to guide agricultural practices
towards a more sustainable, resilient, and equitable food system in Africa.

4.3. Authors Keywords and Co-Occurrence Network

Through keyword co-occurrence analysis, we can identify research hotspots in land
restoration, biodiversity, and food systems in Africa by focusing on high-frequency key-
words. This analysis illustrates the connections between keywords in the literature, high-
lighting the knowledge structure of the field, and can inform decisions in agriculture
by identifying emerging trends and areas for further research [88]. Figure 6 shows the
co-occurrence of keywords found in the selected papers. The selection of the number of
authors’ keywords was based on Zipf’s law. The arrangement of keywords reveals their
interrelationships, leading to the identification of clusters based on shared characteristics,
namely red, blue, brown, yellow, purple, and green. While the lines between the nodes
indicate the strength and relationship of the clusters, the color coding highlights distinct
thematic areas within the network. Moreover, the larger nodes, such as climate change, food
security, biodiversity conservation, and species diversity, indicate a higher frequency of the
authors’ keywords. This underscores their significance in land restoration and biodiversity
studies aimed at improving food systems in Africa. The impact of climate change was the
most considered and monitored feature for food security improvement in Africa during
this study period in the authors’ keywords. Furthermore, agroecosystems or practices and
biodiversity conservation (species diversity) appeared to be among the important practices
in land restoration, biodiversity, and food systems in Africa.
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4.4. Research Themes, Trends, and Hot Topics
4.4.1. Research Themes Analysis

Figure 7 illustrates a thematic map constructed based on keywords, categorizing them
into four distinct themes: niche (left top), motor (top right), emerging or declining (left
bottom), and basic themes (right bottom). The niche themes, such as provisioning services,
soil health, adaption, and conservation, represent highly specialized and well-established
topics within the field. The motor themes, which encompass adaptation, conservation,
livelihoods, sustainability, and agrobiodiversity, are pertinent research areas that have
witnessed substantial growth. The emerging and declining themes encompassed newly
introduced research areas and those that are gradually fading into obscurity. Finally, the
basic themes, including food security and climate change, are fundamental subjects that are
relevant to research but still require further development. The prevalence of specialized top-
ics such as soil health, adaptation, and conservation indicates a concerted effort by authors
to address pressing issues of land degradation and food insecurity in Africa. Moreover, the
growth of research areas like livelihoods, sustainability, and agrobiodiversity reflects an
increasing recognition of the impact of climate change on these critical challenges. These
findings underscore the alignment of research efforts with global challenges, highlighting
the importance of adopting agro-ecofriendly approaches to sustain livelihoods and mitigate
the impacts of climate change on agricultural systems.
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4.4.2. Research Trends Analysis

Analyzing the keywords employed by authors in publications is an indispensable tool
for exploring current trends and the focal points of scholars within a given field [89]. This
approach is particularly valuable as publication keywords swiftly elucidate the core theme
and emphasis of a given research work. It is noteworthy that the font size in our analysis
exhibited a positive correlation with word frequency. Consequently, words appearing
more frequently were visually represented in larger font sizes within the word cloud.
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The most recurrent keywords underscored the collective effort to enhance and sustain
food systems through the implementation of intelligent agricultural practices, notably,
smart agriculture systems such as agroecosystem practices (Figure 8). These endeavors
were concurrently aimed at the restoration and conservation of species biodiversity and
agricultural resources. Moreover, South Africa and Ethiopia emerged as leading nations in
the adoption of smart agriculture systems. This strategic adoption was directed towards
promoting sustainability in food systems while simultaneously addressing the imperative
of restoring and conserving biodiversity. The prominence of these keywords in the literature
reflects the global scholarly emphasis on leveraging innovative agricultural practices for
sustainable food systems and ecological conservation. These insights underscore the global
scholarly commitment to leveraging innovative agricultural strategies to achieve both
ecological conservation and food security goals.
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4.4.3. Hot Topics

Figure 9 illustrates the dynamic evolution of key terms in the research landscape,
visually depicting the emergence and growth of various keywords. The data indicates
that a significant number of these keywords first appeared in research discussions around
2013 and have since experienced continuous growth. Notably, “climate change” and “food
security” have consistently been the focal points of discussions since 2013. Additionally,
keywords such as “biodiversity conservation” and “land degradation” have maintained
enduring relevance. Conversely, certain terms, such as “plant species” and “agroforestry
systems and practices”, have witnessed a rapid surge in prominence after 2018. This obser-
vation suggests that authors in the field of land restoration and biodiversity conservation
practices were actively engaging in addressing climate change and food insecurity in Africa.
Their focus involves leveraging agroecosystems and enhancing natural vegetation in the
African context, emphasizing a commitment to ecological solutions.
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5. Discussion

Bibliometric studies have emerged as indispensable tools for assessing scientific ac-
tivity, providing valuable insights into the expansion, extent, and dispersion of scholarly
literature within specific fields of study. These methods serve as reliable and universally ap-
plicable measures to gauge the productivity of a given sector [90]. Consequently, countries
with advanced scientific development will increasingly recognize the necessity of employ-
ing these tools to gain a comprehensive understanding of their scientific landscape [91].
This study highlights the research trends on the contribution of land restoration and biodi-
versity in African food systems over the 13 years. The analysis included an assessment the
outputs of productive nations, active authors, keyword co-occurrence networks, research
themes, trends, and hot topics.

On the other hand, among the most productive countries, only three nations have
Multiple Country Publications (MCP): Kenya, Mozambique, and Burkina Faso. This
indicates a high need of collaboration among the African nation in this field. This can
help more in increasing the research productivity and also lead to innovative solutions,
as researchers can tackle complex problems from multiple angles, as noted by Marris
et al. [92], Edmondson and Harvey [93], and Van Biljon and Mwapwele [94]. Additionally,
the majority of productive authors engaged in this subject area originate from Ethiopia,
followed by South Africa. However, it is noteworthy that the most productive author in
this study is from outside Africa. This underscores the fact that a significant portion of
research in this field is conducted by authors from developed countries, such as the USA.
This observation can be linked to the financial resources and support that authors from
these nations receive from their respective governments. Consequently, African countries
must strategically invest in research on land restoration, biodiversity, and food systems to
fight food insecurity on the continent.

Consequently, these studies explore key suggestions and recommendations from
research documents on land restoration, biodiversity, and food systems in Africa. A first
pivotal study by Gliessman [11] suggested a five-level approach for transforming the global
and African food systems, emphasizing agroecology’s role. The analysis of Muluneh [77]
reveals climate change-induced shifts impacting biodiversity and food security, stressing
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the need for conservation over resource-intensive strategies. In Ethiopia, Endale et al. [78]
link tree species biodiversity with food security, proposing interventions for resilience
in the face of climate change. Kiptot et al. [79], highlight agroforestry’s gender-specific
impact on food security, stressing the need for policy interventions. Building on this,
Kapari et al. [95] highlighted a gender-sensitive approach that considers the roles of both
men and women in sustainable agriculture practices and their contributions to sustainable
livelihoods. The study further emphasizes that women’s empowerment plays a critical role
in the adoption of Climate-Smart Agriculture (CSA) practices. The authors suggest that
empowering women can enhance the uptake of CSA, aligning with findings that the gender
of a household head significantly impacts the adoption of these practices. Furthermore,
Carsan et al. [80], explores agroforestry’s potential in bolstering agricultural resilience,
while Amare and Simane [81] assess climate change adaptation options in Ethiopia for
enhancing household food security.

In another study in South Africa, Chimonyo et al. [82], advocate for increased knowl-
edge on intercropping systems for improved resilience of food production. Kouassi
et al. [83] analyzes land use changes in Cote d’Ivoire, recommending participatory planning
and reforestation initiatives. In Ghana, Mensaha and Enu-Kwesi [84] reveal significant
impact on coastal livelihoods, urging behavioral change communication. An ecological
study in Ethiopia by Kidane and Kejela [85] emphasizes collaborative efforts for sustainable
utilization of wild and semi-wild edible plants. These studies collectively underscore the
multifaceted challenges and opportunities for enhancing food security and biodiversity
conservation in the African context.

The study further identifies key thematic areas, including “climate change”, “food
security”, “biodiversity conservation”, and “agroecosystems”, within the realm of land
restoration, biodiversity, and food systems research in Africa. This underscores the practi-
cal application of solutions, such as agroforestry systems and smart agriculture, aimed at
mitigating food insecurity amidst climate change challenges. Notably, these solutions, as
highlighted by Mbow et al. [13], play a pivotal role in simultaneously addressing climate
change and food security issues in Africa. In line with the findings, these practical solutions
are designed to enhance food security while also minimizing land degradation by improv-
ing soil fertility [96,97] and enhancing crop production [98]. Additionally, these solutions
promote the ecosystem services contributing to overall environmental sustainability [64].
The study aligns with the observation of Mbow et al. [13] that diverse agroecosystems are
crucial in tackling climate change and food insecurity challenges in Africa. Importantly,
Mbow et al. [13] noted the diversity in the forms and procedures of agroecosystems used in
Africa. They emphasized that this diversity reflects their adaptability, which is influenced
by various factors, including agro-ecological zones.

Furthermore, the examination of research hot topics and predictions of future trends
through themes analysis, trends analysis, and hot topics analysis revealed the focal points
of investigations in this subject area in Africa over time. Notably, themes included “food
security/systems”, “agroecosystems or practices”, “agricultural land”, “biodiversity con-
servation”, “adaptation”, and “livelihoods”. This trend analysis indicates that from 2010
to 2023, researchers actively engaged in practical initiatives, adopting agroecosystems or
practices with a focus on agricultural conservation. These efforts are aimed at enhanc-
ing food systems and security in Africa, particularly in response to the challenges posed
by climate change. This ecological approach underscores the importance of sustainable
agricultural practices and biodiversity conservation in addressing the complex interplay
between land and food production. Additionally, it emphasizes the need for adaptive
strategies to enhance environmental resilience on the African continent [13]. It has been
highlighted by some studies that Africa is highly vulnerable to climate changes, as it has
a severe influence on arable land, which consequently affects food security [99–101]. Fur-
thermore, disturbingly, projections suggest that by 2025, a substantial portion of two thirds
of arable land in Africa is anticipated to become arid due to insufficient rainfall [99]. This
threatening trend is reported to result in a substantial decline in agricultural productivity,
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with estimates indicating a potential decrease of up to 9% by the year 2050 [100]. Based
on the analysis of themes, trends, and hot topics, this study predicts that researchers will
persistently adopt and enhance agroecosystems and practices over the next five years.
These efforts aim to improve food systems in Africa and ensure sustainable livelihoods in
the face of climate change. The ongoing practical implementation of these systems, coupled
with the utilization of innovative technologies like smart agriculture, will not only increase
food production, but also promote sustainability in arable land across the continent.

6. Conclusions

In conclusion, this study has provided valuable insights into the research trends and
contributions in land restoration, biodiversity, and food systems in Africa. It has identified
key countries, authors, and research themes, emphasizing the need for collaboration among
African nations and increased investment in research to tackle food insecurity and promote
sustainability. However, a significant portion of research is conducted by authors from
developed countries, highlighting the necessity for African countries to strategically invest
in local research capacity. To translate these insights into action, policymakers should
prioritize funding and infrastructure development for local research institutions, enhancing
the capacity of African researchers to address region-specific challenges. Collaborative
research initiatives should be established, fostering partnerships that pool resources and
expertise to effectively tackle food security and climate change issues. Policymakers must
promote policies that support agroecological practices and biodiversity conservation, pro-
viding incentives for farmers to adopt sustainable practices that enhance ecosystem services.
Integrating indigenous knowledge systems and traditional agricultural practices is crucial
for enhancing resilience and sustainability. Future research should examine socio-economic
factors influencing food insecurity and develop customized region-specific adaptation
strategies. Additionally, the adoption of and investment in innovative technologies, such
as smart agriculture, should be encouraged to improve productivity while minimizing
environmental impacts. Finally, establishing frameworks for monitoring and evaluating
the impacts of implemented policies and practices will help assess progress and inform
future actions. Overall, this study underscores the importance of collaborative efforts,
innovative technologies, and practical solutions in achieving food security, promoting
sustainability, and addressing climate change impacts in Africa. By focusing on these
actionable recommendations, stakeholders can work together to create a more resilient and
sustainable future for the region.
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