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Abstract: The purpose of this review is to investigate the role of legume cover crops in improving
climate adaptability and water use efficiency in South African grassland systems. Climate change is
posing significant obstacles to agricultural systems all over the world, which includes South Africa,
where shortages of water and fluctuations are significant issues. Legume cover crops are growing
in popularity as a long-term and cost-effective solution to these problems. The purpose of this
review is to demonstrate the possible advantages of legume cover crops for enhancing climate
resilience and water use efficiency in South African grassland systems, as well as the fundamental
processes and present study findings. According to the outcomes, legume cover crops may boost
soil water availability, nutrient cycling, carbon sequestration, and overall ecosystem productivity,
resulting in increased climate resilience and water use efficiency. However, a variety of factors,
including species selection, management practices, and environmental conditions, can all have an
impact on the effectiveness of legume cover crops. With the concerted efforts, adaptation strategies
of livestock farmers that seeks to maximise the potential of legume cover crops in South African
grassland systems, it is critical to consider site-specific factors when establishing them. This review
offers significant insights into the role of legume cover crops in climate resilience and water use
efficiency, laying the groundwork for future research and agricultural practices.

Keywords: legume cover crops; climate resilience; water use efficiency; South African grassland
systems

1. Introduction

South Africa, like many other parts of the world, is feeling the effects of climate change, which
are posing serious difficulties to its agricultural systems. Extreme weather events, extended droughts,
and unreliable patterns of precipitation are all having a significant impact on agricultural
productivity and accessibility to water in South African grassland systems (Scholes et al., 2015).
Furthermore, in response to these difficulties, strengthening climate resilience and water use
efficiency have emerged as critical priorities for sustainable agriculture. South African grassland
systems are critical to livestock production, ecosystem services, and food security. However, because
of their reliance on rainfall and constrained irrigation infrastructure, they have become especially
vulnerable to variations in the climate and change (Xenarios et al., 2019). As a result, it is critical to
investigate novel strategies for increasing the resilience of these grassland systems to climate-related
stresses while optimising water use efficiency (Kansiime et al., 2016). Therefore, the integration of
legume cover crops into grassland systems is one such strategy that is gaining traction. According to
Datta et al. (2022) legume cover crops, such as clover, vetch, and lablab, have the potential to provide
several advantages in terms of climate resilience and water use efficiency. In addition, legumes have
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the unique ability to fix atmospheric nitrogen via symbiotic relationships with nitrogen-fixing
bacteria, improving soil fertility and reducing the need for synthetic nitrogen fertilisers (Delgado et
al., 2021). Furthermore, legume cover crops increase soil moisture retention, reducing the effects of
drought and enhancing water use efficiency (Scavo et al., 2022). Also, recognising the significance of
legume cover crops in improving climate resilience and water use efficiency in South African
grassland systems is critical for long-term agricultural practices (Daryanto et al., 2018). We can gain
knowledge about the prospective benefits, difficulties, and drawbacks of legume cover crops in this
context by reviewing existing literature, studies, and experimental evidence. In addition, recognising
knowledge shortages and identifying areas for additional research and adoption can assist
policymakers, agricultural practitioners, and researchers in developing successful approaches for
mitigating the effects of climate change on grassland systems (Perrone et al., 2020). The purpose of
this review is to investigate current knowledge about the role of legume cover crops in improving
climate resilience and water use efficiency in South African grassland systems. It will also investigate
the relationships among legume cover crops and climate variables, emphasizing their ability to
improve grassland system resilience to changing climatic conditions. The review will additionally
address the difficulties and constraints associated with introducing legume cover crops in South
Africa, as well as recommendations for future research and adoption. This review aims at
contributing to an improved comprehension of sustainable agricultural practices that can improve
climate resilience and water use efficiency in South African grassland systems by synthesizing
existing knowledge. Subsequently, such understanding may assist in shaping policy decisions,
encourage farmers to implement best practices, and contribute to the development of resilient and
sustainable agricultural systems in the face of climate change.

2. Methodology

To gather the information for the literature review on the role of legume cover crops in
enhancing climate resilience and water use efficiency in South African grassland systems. The
following steps were taken.

e Identification of Relevant Sources: The Google search engine on various academic databases,
such as PubMed, Scopus, Web of Science, and agricultural databases, was searched to identify
relevant scholarly articles, research papers, conference proceedings, and reports. Additionally,
reputable online repositories and institutional websites were accessed to gather relevant
information.

e  Selection of Keywords: A set of keywords and search terms related to the topic were identified.
These keywords included "legume cover crops,” "climate resilience,” "water use efficiency," and
"South African grassland systems." The keywords were used in combination with Boolean
operators (such as AND, OR) to refine the search and ensure the retrieval of relevant literature.

e  Screening and Evaluation: The search results were screened based on the titles and abstracts to
assess their relevance to the research topic. Non-relevant or duplicate articles were excluded at
this stage. The remaining articles were selected for a full-text review.

e  Full-Text Review: The selected articles underwent a thorough full-text review. The content of
each article was examined to extract relevant information and key findings related to the role of
legume cover crops in climate resilience and water use efficiency in South African grassland
systems. Information on legume species, experimental methodologies, outcomes, and
recommendations was extracted.

e Data Synthesis and Analysis: The extracted information and findings were synthesized and
organized based on subtopics and themes relevant to the research objectives. Patterns, trends,
and gaps in the literature were identified and analyzed to derive meaningful insights.

e  Critique and Evaluation: The reviewed literature was critically evaluated for the quality and
reliability of the research methodologies, data collection techniques, and analysis methods
employed in each study. Limitations and biases within the literature were acknowledged and
considered during the review process.
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° Summarization and Writing: The key findings, concepts, and insights from the reviewed
literature were summarized and synthesized. The information was then used to address the
research objectives, subtopics, and research gaps identified in the review.

Overall, a systematic and rigorous approach was employed to gather information for the
literature review. Multiple sources were explored, and a thorough evaluation process was followed
to ensure the reliability and relevance of the information obtained.

3. Climate Resilience in South African Grassland Systems

o  Climate change impacts grassland ecosystems

Climate change is having an enormous effect on grassland ecosystems, influencing their
makeup, structure, function, and overall ecological dynamics (Zhang et al., 2023). Because of their
sensitivity to changes in temperature, precipitation patterns, and extreme weather events, grassland
ecosystems, which include both natural grasslands and managed agricultural grasslands, are
particularly vulnerable to the effects of climate change (Ramesh et al., 2019). Guhathakurta ef al. (2011)
further reported that climate change alters rainfall patterns, which includes an increase in the
frequency and severity of droughts and heavy rainfall events. Moreover, these variations in rainfall
have the potential to upset the natural hydrological balance of grassland ecosystems, influencing soil
moisture availability, groundwater recharge, and plant water stress (Guhathakurta et al., 2011).
Drought conditions can reduce grass productivity, alter species composition, and make plants more
susceptible to wildfires (Halofsky et al., 2020). Furthermore, temperature increases can have an
impact on the development and growth of plants, alter the distribution of species patterns, and
increase evapotranspiration rates (Joyce et al., 2016). In addition, temperature regime shifts can also
interfere with the phenological cycles of grasses and other plant species, impacting reproductive
success, relationships with pollinators, and overall ecosystem dynamics (Hoffmann et al., 2019).Also,
climate change has the potential to alter the distribution and makeup of plant species in grassland
ecosystems. Muluneh (2021) certain species may be more effectively adjusted to more humid and
warmer conditions, whereas others may struggle to survive or migrate to more suitable habitats.
These alterations have an opportunity to alter relationships between species, competitive dynamics,
and biodiversity loss. Similarly, grassland ecosystems are important for carbon sequestration and the
global carbon cycle (Zhou et al., 2020). Nevertheless, climate change can have an impact on the carbon
dynamics in grasslands. However. temperature, precipitation, and plant productivity can all have an
impact on carbon uptake, storage, and release processes (Zhou et al., 2020). Additionally, changes in
species composition and disruption regimes can also influence grassland ecosystems' long-term
carbon sequestration potential (Enright et al., 2015). Therefore, to tackle the effects of climate change
on grassland ecosystems, an in-depth comprehension of the ecological processes, species interactions,
and feedback mechanisms at work is required. Furthermore, adaptive management approaches that
consider expected climate changes can help preserve the efficiency and ecological integrity of
grassland systems.

¢ Importance of climate resilience in agriculture

Because of the growing impact of climate change on agricultural productivity, food security, and
rural livelihoods, adaptation to climate change is critical in agriculture (Yadav et al., 2019). Climate
change, on the other hand, presents serious threats to crop yields, livestock production, and fisheries.
Furthermore, significant shifts in patterns of precipitation and temperature, and the spread of pests
and diseases can all disrupt agricultural systems and jeopardize food production (Pathak at al., 2018).
Equally, Yadav et al. (2019) increasing climate resilience allows agricultural systems to better endure
and recuperate from climate-related unexpected events, maintaining a secure and predictable food
supply for communities and nations. Climate change presents new and unanticipated obstacles to
agriculture, necessitating the adaptation of farmers and agricultural systems to changing conditions
(Aguilera at al., 2020). Whereas climate versatility permits farmers to foresee, prepare for, and deal
with climate-related risks efficiently. Furthermore, it entails implementing water management
strategies, embracing innovative farming practices, expanding crops and livestock, and including
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climate information in decision-making processes (Balasundram et al., 2023). Likewise, improving
climate resilience in agriculture protects and sustains rural livelihoods by decreasing exposure to
climate-related shocks, ensuring stable incomes, and promoting equitable growth in agricultural
communities (Muluneh, 2021). Producers may mitigate the destruction of the environment, safeguard
ecosystem services, and preserve agricultural landscape productivity and health through the
adoption of climate-resilient practices such as soil conservation, efficient water use, and biodiversity
conservation (Aguilera at al., 2020). Climate resilience encourages sustainable farming practices that
reduce greenhouse gas emissions, preserve natural resources while contributing to climate change
mitigation (Singh and Singh, 2017). Moreover, agriculture contributes significantly to greenhouse gas
emissions, but climate-resilient agricultural practices can help minimize the effects of climate change
(Enright et al., 2015). Besides, implementing agroforestry systems, enhancing soil management
techniques, and carrying out viable water management practices, for example, can sequester carbon,
reduce emissions, and improve agricultural landscapes' carbon storage capacity (Scavo et al., 2022).
Overall, climate adaptation in agriculture encourages low-carbon, climate-resilient agricultural
systems and supports long-term climate change mitigation measures. Finally, by increasing climate
resilience in agricultural systems, we can improve farmers' and communities' ability to deal with
climate-related difficulties while sustaining viable agricultural practices amid climate change.

4. Water Use Efficiency in South African Grassland Systems.

o  Water scarcity and its implications for agricultural productivity.

The shortage of water is a pressing global issue with grave consequences for agricultural
productivity. In addition, with increasing water requirements from numerous industries, combined
with the effects of climate change, many regions are facing a shortage of water, which means that
available water resources are not adequate to meet the needs of all users, including agriculture
(Umesha et al., 2018). Water scarcity reduces the amount of water accessible for irrigation, which is
necessary for crop growth and productivity to be sustained (Rosa et al., 2020). Uniquely, inadequate
water supply during critical growth stages can result in lower crop yields, lower quality produce,
and even crop failure. In addition, a shortage of water frequently forces farmers to make challenging
choices about which crops to prioritize for irrigation, resulting in decreased diversity and agricultural
output (Umesha et al., 2018). Additionally, farmers may need to switch to crops that need less water
or are better suited to arid conditions. In short, this can lead to changes in agricultural landscapes,
with less water-demanding crops preferred over water-intensive ones. According to Nikolaou et al.
(2020) a shortage of water has an impact not only on crop production but also on livestock farming.
In general, water is essential for animals for drinking, cooling, and hygiene. Constrained water
availability in water-stressed areas can cause water stress in livestock, jeopardizing their health,
growth, and productivity (Nikolaou ef al., 2020). As a result, long-term shortages of water in areas
that depend heavily on groundwater for irrigation may give rise to over-extraction of groundwater
resources (Umesha et al., 2018). Continuous pumping might deplete aquifers, lowering groundwater
levels and possibly leading to land subsidence. This can harm agricultural infrastructure such as
wells and irrigation systems, exacerbating the problem of water scarcity. Water shortages in
agriculture can have negative environmental consequences. Farmers may resort to detrimental
practices such as over-irrigation or the use of low-quality water sources in some cases, resulting in
water pollution and the deterioration of water ecosystems (Mancosu et al., 2015). Furthermore,
decreased accessibility to water can disrupt the ecological equilibrium of wetlands, rivers, and other
freshwater habitats, threatening biodiversity, and ecosystem health (Chartzoulakis and Bertaki,
2015). Combating the shortage of water in agriculture necessitates an integrated strategy that involves
water resource management, enhanced irrigation techniques, water-efficient farming practices, and
policy interventions (Chai et al., 2016). Water-saving technologies, such as drip irrigation and
precision agriculture, can be used to optimize water use and reduce losses. Consequently, water
storage and rainwater harvesting systems can be improved to offer other sources of water during dry
periods. Incorporated water management approaches involving agriculture, government, and civil
society stakeholders are critical for long-term water allocation and equitable access.
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e importance of water use efficiency in agricultural systems.

Water utilization efficiency is critical in agricultural systems because of a growing shortage of
water and the need to control limited water resources sustainably (Kang et al., 2017). Chen et al. (2018)
report that agriculture is one of the world's biggest freshwater consumers, accounting for a sizable
portion of total water withdrawals. Moreover, enhancing water use effectiveness in agricultural
systems is critical for long-term water management (Pellegrini ef al., 2016). Producers may minimize
water waste, reduce pressure on water sources, and guarantee an adequate supply of water for other
sectors and ecosystems by maximizing the productivity of each unit of water used. Additionally,
higher crop yield and productivity are directly related to efficient water use (Zahoor et al., 2019).
Water applied specifically and in the right amounts optimizes plant growth, nutrient uptake, and
photosynthesis, resulting in higher crop yields (Farooq et al., 2019). In addition, water-stressed plants
are more vulnerable to diseases, pests, and deficiency of nutrients, which may decrease productivity
even further. Improving water efficiency aids crop production and helps maintain food security
(Walters and Midden, 2018). Improving water efficiency aids crop production and helps maintain
food security. Furthermore, enhanced water-management practices can help safeguard soil health,
hinder erosion, and reduce the need for chemical inputs (Kang et al., 2017). Water conservation
promotes sustainable farming practices that preserve multiple resources while also encouraging
environmental stewardship. Altieri et al., (2015) reported that water efficiency in agriculture can help
reduce the environmental impacts of water consumption. Therefore, overuse of irrigation or
ineffective water application can result in waterlogging, salinization, and water pollution from
fertilizer and agrochemical runoff (Yurtseven and Randhir, 2020). Conversely, farmers can reduce
these negative effects, protect water quality, and maintain aquatic ecosystems by optimizing water
use. Enhancing water efficiency is an important adaptation strategy for dealing with changing climate
conditions. In addition, successful techniques, such as drip irrigation or micro-sprinklers, allow for
precise water application, decreasing water loss due to evaporation and enhancing soil moisture
management (Kang ef al., 2017). Farmers can adapt to progressively attributed and undetermined
access to water by using water efficiently. As revealed by Stuart et al. (2018) farmers can reduce
production costs, boost profitability, and improve their resilience to variations in water availability
and price by optimizing water use and reducing water inputs. As a result, successful irrigation
practices also reduce the need for extra water investment in infrastructure such as dams or irrigation
systems, saving both capital and operational costs (Cortignani et al,. 2021). Therefore, improving
agricultural water use effectiveness encourages water equity and social considerations (Rogers et al.,
2021). In addition, water scarcity has a negative impact on vulnerable communities, especially small-
scale farmers and rural populations who rely extensively on agriculture (Cortignani et al,. 2021).
Moreover, enhancing water use efficiency ensures that water resources are distributed fairly,
decreasing disparities and disputes over water access (Shi et al., 2020). According to Li ef al., 2022
successful water use in agriculture is a multifaceted approach that includes using sophisticated
methods for irrigation, carrying out water-saving technologies, promoting soil moisture
management, and raising farmer awareness. Thereby, policy support, incentives, and capacity
building are critical to promoting efficient water management practices across agricultural sectors.
By improving water use efficiency, agricultural systems may become more ecologically sound,
resilient, and capable of meeting rising global food demand while conserving water resources for
future generations.

5. Legume Cover Crops

o  Role of legume cover crops in enhancing climate resilience.

Legume cover crops are essential for increasing climate resilience in agricultural systems.
Legume cover crops are well known for their distinctive capacity to fix atmospheric nitrogen via
symbiotic relationships with nitrogen-fixing bacteria (Mahmud et al., 2020). In addition, this process
minimizes the need for synthetic nitrogen fertilizers, which require a lot of energy to make and
contribute to greenhouse gas emissions. Conversely, farmers may decrease their reliance on external
inputs, improve the accessibility of nutrients in the soil, and reduce the environmental impact of
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fertilizer use by relying on nitrogen fixation offered by legume cover crops (Pankievicz et al., 2020).
In agricultural systems, leguminous cover crops enhance soil health and increase carbon
sequestration. In essence, their extensive root systems encourage the accumulation of organic matter,
improve soil structure, and improve the ability to hold water (Navarro-Pedrefo et al., 2021). This
reduces soil erosion, improves water infiltration, and increases soil moisture retention, all of which
help mitigate the effects of climate change (Navarro-Pedrefio et al., 2021). Moreover, legume cover
crops help to sequester carbon by incorporating organic matter into the soil, lowering the
concentration of atmospheric carbon dioxide, a major greenhouse gas (Kleber et al, 2021).
Furthermore, legume cover crops can help agricultural systems use water more efficiently. Because
their dense canopy reduces evaporation and soil moisture loss, helping to conserve water resources
(Kleber et al., 2021). As a result, their deep root systems gain access to water from deeper soil layers,
making them more drought resistant (Carbonell-Bojollo et al., 2021). Farmers can optimize water use,
preserve soil moisture, and improve the overall water use effectiveness of the agricultural landscape
through the integration of legume cover crops into rotation systems or intercropping (Tully and
Ryals, 2017). Legume cover crops successfully mitigate erosion by protecting soil from wind and
water erosion (Blanco-Canqui ef al., 2015). Their dense foliage intercepts rain, decreasing the effect of
raindrops on the soil surface and hindering soil particle separation. Han et al. (2022) recommends
legume cover crops to assist in preserving important topsoil, retain soil fertility, and protect
agricultural productivity by reducing erosion, especially in areas subjected to excessive precipitation
or sloping terrain. Likewise, legume cover crops help to promote biodiversity and resilience to
climate change in agricultural landscapes. For instance, their flowers attract beneficial insects that
include pollinators and natural pest enemies, which aid in pollination and biological pest control
(Dunn et al., 2020). Also, legume cover crops also increase the diversity of soil microbes and activity,
which promotes beneficial soil organisms that aid in nutrient cycling, disease suppression, and in
general ecosystem resilience (Dunn et al., 2020). Therefore, integrating legume cover crops into crop
rotation systems aids in the disruption of pest and disease cycles, lowering the risk of epidemics of
pests and the need for chemical pesticides. Legume cover crops serve as trap crops, drawing in pests
away from cash crops and acting as a natural pest management approach. This helps to maintain the
agroecosystem's ecological balance, minimises dependency on synthetic pesticides, and encourages
a more sustainable and resilient pest management strategy. Bringing together legume cover crops
into farming practices improves agricultural systems' overall sustainability, productivity, and
versatility in the face of climate change hardships.

Role of legume cover crops in improving water use efficiency.

Legume cover crops play an important role in increasing the efficiency of water use in
agricultural systems by forming a protective covering on the soil surface, which results in a reduction
in water evaporation (Kocira et al., 2020). Secondly, their thick canopy protects the soil from direct
sunlight, reducing water loss by means of evaporation. As revealed by Bwambale et al. (2022), soil
moisture preservation guarantees that water is available for plant uptake, resulting in better water
use efficiency. Furthermore, legume cover crops' root systems enhance soil structure and boost water
infiltration rates. For instance, the roots improve the soil's capacity to absorb and retain water through
the development of channels and pores in the soil (Sharma et al., 2018). Therefore, this minimizes
runoff and hinders water loss due to surface runoff or erosion, enabling more water to get into the
soil and be accessible for plant use. Legume cover crops help improve soil water retention capacity.
On the other hand, when legume cover crops break down, the organic matter generated enhances
soil structure, resulting in more porous soil that can hold more water (Angers and Carter, 2020).
Because of its greater water-holding capacity, water is available to plants for a longer period,
lowering the frequency and amount of irrigation required. Moreover, because legume cover crops
enhance water infiltration and soil water-holding ability, irrigation requirements are reduced (Kocira
et al., 2020). The incorporation of legume cover crops can reduce the amount of additional irrigation
required for crop production substantially. This not only saves water but also minimizes the energy
and cost of irrigation, leading to enhanced efficiency in water consumption. Also, legume cover crops
can improve agricultural systems endurance to water stress and periods of drought (Nkomo et al.,
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2021). Legume cover crops' enhanced soil moisture conservation and deep rooting characteristics aid
in maintaining adequate soil moisture levels during periods of water scarcity (Ahmad et al., 2021).
Likewise, this allows crops to cope with drought stress better, minimizing yield losses while
preserving productivity in drought-stricken areas (Ahmad et al., 2021). In a nutshell, legume cover
crops strengthen agricultural water use efficacy by decreasing evaporation, preserving soil moisture,
strengthening the absorption of water and soil water retention ability, decreasing irrigation demands,
obtaining deep soil moisture, strengthening drought tolerance, promoting nutrient cycling, and
maximizing nutrient use efficiency. Farmers can optimize water use, minimize water waste, and
improve the sustainability and productivity of their operations by integrating legume cover crops
into their agricultural practices.

e  Challenges and limitations on cover crop establishment.

o Environment and Agronomic constraints

Sulas (2019) alluded to the fact that environmental and agronomic constraints are important
factors in ensuring the effective growth of legume cover crops in South African grassland systems.
Consequently, these constraints can have an impact on the performance, efficacy, and overall results
of using legume cover crops to improve climate resilience and water use efficiency (Wooliver and
Jagadamm, 2023). South Africa has a wide range of climatic conditions, ranging from semi-arid to
humid. The appropriateness and efficacy of legume cover crops may differ in accordance with the
climate of a region (Sulas, 2019). Several legume species may be better adapted to certain climatic
conditions than others, while others may struggle to establish or thrive. According to Bowles et al.
(2017), soil variation is another important factor that may impact the success of legume cover crops.
Concurrently, Bowles et al. (2017) further reported that soil texture, organic matter content, pH levels,
and nutrient availability can all have an impact on legume growth and productivity. In addition,
some legume species might do better with soil types, whereas others might find it difficult to adapt
to or prosper in specific soil conditions (Abdalla et al., 2019). A sufficient supply of water is critical
for legume cover crop development and growth. Insufficient rainfall can limit legume establishment
and productivity in areas with limited water resources or during droughts (Hofer et al., 2016).
Therefore, understanding the water demands of various legume species, as well as their ability to
withstand drought conditions, is critical for optimizing water use efficiency. A study by Justes et al.
(2019) revealed that Legume cover crops are vulnerable to pests and diseases, which can reduce their
efficiency and effectiveness. It was revealed that Nematodes, aphids, fungal infections, and viral
diseases are prevalent diseases and pests in South African grassland systems, and they can affect
legume growth, biomass production, and nitrogen-fixing abilities. Therefore, to mitigate potential
losses, appropriate pest and disease management strategies must be implemented (Justes et al., 2019).
Likewise, in grassland ecosystems, leguminous cover crops must coexist with indigenous grasses and
other vegetation. Therefore, in order to guarantee the efficacy and ecological sustainability of legume
cover cropping, the competitiveness of legumes with existing grasses must be balanced (Justes et al.,
2012). As a result, careful legume species selection, planting densities, and management practices can
all help to reduce concurrence and encourage mutually beneficial relationships. In addition, proper
management practices are required for the effective implementation of legume cover crops. To
maximize the efficiency and efficacy of legume cover crops, factors such as establishing timing,
seedbed preparation, nutrient management, and weed control must be considered (Wallace et al.,
2017). The process of adoption and execution of appropriate management practices can be hampered
by a lack of knowledge, technical skills, and resources. To maximize the benefits of legume cover
crops in South African grassland systems, it is critical to comprehend and address these
environmental and agronomic constraints. Combating these obstacles by means of research,
extension services, and policy support may encourage feasible agricultural practices that strengthen
climate resilience, water use efficiency, and overall resilience and productivity of South African
agricultural systems.

° Socio-economic consideration

Research conducted by Mthembu ef al. (2018) revealed that socioeconomic factors influence the
acceptance and effective introduction of legume cover crops in South African grassland systems. It
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further alluded to the fact that these factors include a variety of social, economic, and cultural factors
that can impact the acknowledgement, practicality, and flexibility of legume cover cropping
practices. Also, comprehending and dealing with these socioeconomic considerations is critical for
promoting the widespread utilization of legume cover crops and realizing their potential benefits
(Mthembu et al,, 2018). Furthermore, farmers can comprehend the benefits, techniques, and
management practices related to legume cover crops if they have access to information, training
programs, and extension services. Raising consciousness can help people make more informed
decisions and foster positive attitudes towards acceptance. For instance, farmers must evaluate the
economic viability of implementing legume cover crops (Bergtold et al., 2019). Also, recognizing
possible expenses and benefits, such as the effect on crop yields, input costs, and profitability, can
influence farmers' decisions to use legume cover crops (Craheix et al., 2016). Furthermore, incentives
from the government, such as subsidies, grants, or tax breaks, can help farmers embrace these
practices even more. Adoption and implementation of legume cover crops can be influenced by the
affordability and accessibility of necessary inputs such as quality seeds, fertilizers, and equipment. It
is critical to ensure consistent and cost-effective access to these inputs, especially among small-scale
farmers, to overcome possible obstacles and limitations. The practicability, and versatility of legume
cover cropping can be influenced by land tenure arrangements and farm size (Parr et al., 2020).
Providing land for legume cover crops may be difficult for small-scale farmers with a limited amount
of land. Combating land tenure issues, encouraging land consolidation, and investigating alternative
land-use provisions can all help encourage the incorporation of legume cover crops into a variety of
farming systems (Fischer et al., 2021). Understanding prospective markets and developing suitable
value chains for legume cover crops can help them become more economically viable. Increasing
demand for legume cover crops through market incentives, the development of manufacturing and
distribution infrastructure, and the promotion of value-added products can provide extra sources of
revenue and make these practices more appealing to farmers (Fonjong and Gyapong, 2021). On the
other hand, traditional farming practices, beliefs, and social norms, among other things, can influence
the implementation of new agricultural practices (Fonjong and Gyapong, 2021). Recognizing and
appreciating local knowledge and cultural practices can aid in the incorporation of legume cover
crops into existing agricultural systems while upholding socio-cultural values and practices. Gender
and social equity considerations are critical for encouraging broad and equitable legume cover crop
adoption (Kerr et al., 2022). Therefore, recognizing women's roles and contributions in agriculture,
maintaining their availability of resources and decision-making processes, and addressing social
inequalities can all help to ensure the effective execution and long-term success of legume cover
cropping practices. Managing these socioeconomic concerns can encourage the adoption and long-
term use of legume cover crops in South African grassland systems, is crucial improving the livestock
productivity and address food insecurity. A comprehensive frameworks, interventions, and
legislative efforts of relevant stakeholders, involving farmers, researchers, policymakers, and
development organizations, is required for creating context-specific strategies that align with local
socioeconomic dynamics, and improve farmer livelihoods while contributing to agricultural system
resilience and sustainability.

¢  Research gaps and future research directions

Although the role of legume cover crops in improving climate resilience and water utilization
effectiveness in South African grassland systems has shown promise, there are numerous research
gaps and areas for further investigation. Combating these gaps will allow us to gain an improved
comprehension of legume cover crops and optimize their use in agricultural practices. Long-term
research is needed to determine the long-term impact of legume cover crops on climate adaptability
and water use efficiency in South African grassland systems. Tracking the effects of legume cover
crops over various growing seasons may offer knowledge about their long-term advantages and
potential limitations. More research is needed to assess the efficiency of various legume species and
cultivars in South African grassland systems. Recognizing the versatility, biomass production,
nitrogen fixation rates, and overall efficacy of different legume species can help farmers choose the
best options for specific situations. It is critical to investigate the relationships between legume cover
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crops and indigenous grasses found in South African grasslands. Recognizing how legume cover
crops fit into existing grassland ecosystems, their impact on native species, and their possibility for
increased biodiversity is critical for long-term success. To assess the extent to which water is
preserved and effectively utilized, the water use efficiency of legume cover crops in South African
grassland systems must be quantified. Water savings should be measured, optimal planting densities
determined, and the impact of legume cover crops on water availability for subsequent crops
evaluated. It is of the utmost importance to investigate the resilience of legume cover crops to extreme
climate events such as droughts, heat waves, and heavy rainfall. Recognizing how legume cover
crops behave during and recover from these events can shed light on their potential for climate-smart
agriculture and their ability to minimize climate-related risks. The socioeconomic factors that
influence the adoption of legume cover crops in South African grassland systems should be
investigated. Evaluating the economic viability, farmer opinions, and possible obstacles to adoption
can help guide the development of effective extension services, policies, and rewards to encourage
widespread adoption. It is essential for carrying out studies to assess the possibility and adaptability
of legume cover crops on larger agricultural landscapes. Considering the consequences at the
regional level may offer perspectives on the wider advantages and possible obstacles associated with
introducing legume cover crops throughout South Africa's various agro-ecological zones. Integrating
legume cover crops with other feasible agricultural practices like conservation agriculture, precision
irrigation, and agroforestry can provide holistic solutions to improving climate adaptation and water
effectiveness in grassland systems. By focusing on these research deficiencies and seeking these
future research directions, we can improve our comprehension of the role of legume cover crops in
South African grassland systems. The resulting information can be used to educate evidence-based
decision-making, policy development, and practical recommendations for farmers and stakeholders
in South Africa, which will eventually contribute to enhanced climate resilience, water use efficiency,
and feasible agricultural practices.

6. Conclusion

Legume cover crops are critical for improving climate resilience and water use efficiency in
South African grasslands. These crops provide advantages such as nitrogen fixation, soil health
improvement, and soil moisture retention. Additionally, there nevertheless exist environmental and
agronomic constraints that must be addressed. Some of the challenges include soil conditions, climate
variability, pests, diseases, weed competition, limited land accessibility, and combining existing
practices. To overcome these constraints, tailored strategies are required, such as suitable oversight
practices, pest and weed control measures, and enhanced availability of resources and knowledge.
Despite these limitations, the possible benefits of legume cover crops are substantial. More research
will be required to fill knowledge gaps and enhance comprehension of the socioeconomic factors that
influence acceptance. By dealing with these gaps and limitations, legume cover crops can be
successfully combined, thereby promoting agricultural sustainability, climate resilience, and water
resource management in South African grassland systems.
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