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Abstract: Southern Africa is facing chronic food insecurity mainly because of the multistressor context
in which agriculture is practiced in this region. Climate-change-related constraints are fueling food
shortages for marginalized rural communities. Climate-smart agriculture (CSA) has been recognized
as a key strategy for mitigating the effects of climate change. However, there has been a minimal
level of adoption of CSA among smallholder farmers in southern Africa. Factors contributing to
the limited adoption of CSA include poor access to resources by smallholder farmers, poverty, poor
infrastructure, and an inadequate level of farmer advisory and resource service provision. These are
the same factors that have resulted in the increased vulnerability of smallholder farmers to climate
shocks in southern Africa. Currently, there are a limited number of reviews that simultaneously
address the impacts of climate change and CSA on southern Africa’s smallholder agricultural sector.
The current review synthesizes information on the contribution of smallholder agriculture to food
security in southern Africa, highlighting the vulnerability of smallholder agriculture to climate shocks
and the effect of CSA activities practiced in the region. To come up with this writeup, we reviewed
information from reliable, published journal articles, institutional reports, and our knowledge of
agricultural systems in southern Africa. The adoption of CSA agriculture can be enhanced by the
advancement of favorable policies by national governments. This includes adequate participation
from smallholders, particularly women, in governance via bottom-up policymaking.

Keywords: adaptation; mitigation; crop production; livestock production; farmers; SADC; greenhouse
gas

1. Introduction

Climate change, combined with increased population growth, poses a threat to global
food security. Hence, a corresponding increase in sustainable food production is required
to meet the rising food demand and manage the effects of climate change. Southern Africa
is the region most vulnerable to the effects of climate change, owing to its low adaptability
and its reliance on agriculture. In this region, food demand continues to rise due to rapid
growth in the population coupled with urbanization [1,2]. Southern Africa’s population is
currently estimated to be 224 million, and it is expected to rise to 241 million by 2050. Similar
to the rest of the developing world, southern Africa should double its food production to
meet the rising demand in both the quality and quantity of food.

According to the FAO [3], food security is the condition in which all people, at all times,
have physical, social, and economic access to sufficient, safe, and nutritious food that meets
their dietary needs and food preferences for an active and healthy life. However, it is a huge
task for southern Africa to achieve food security given the multiplestressor environment
within which agriculture is practiced in this region. It is well-acknowledged that climate
change largely contributes to poor agricultural productivity and food insecurity in southern
Africa and other developing nations [4,5]. Extreme weather events, such as unpredictable
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weather, heat stress, frequent droughts, floods, temperature increases, and pest invasions,
are all manifestations of climate change that have negative effects on southern Africa’s
agriculture [4–6].

In southern Africa, heavy reliance on rainfed agriculture, particularly in rural areas,
and limited adaptation ability expose the region to different climate shocks [7,8]. In southern
Africa and in the majority of Africa, there are weak institutional, financial, and technological
capabilities that increase the possibility of adverse effects from climate change [8,9]. There
is little knowledge on how climate change interacts with various developmental factors in
smallholder agricultural systems in southern Africa. Such knowledge is becoming more
crucial for assessing the evolution of farming systems in response to climate change [10].
It is critical for advising sound policies that influence the sustainability of agriculture
in the face of climate change [5]. The implementation of sound policies will, in turn,
reduce the impact of climate change on the livelihoods of smallholder farmers in the
region. Countries can devise short-, medium-, and long-term adaptation and mitigation
plans relating to national food security and other developmental objectives. Such plans
strengthen agricultural systems by enabling appropriate and timely climate action [11].

Some of the challenges posed by climate change to food security can be addressed
through climate-smart agriculture (CSA), which is becoming more widely recognized as
a sustainable solution to the effects of climate change on agriculture [12,13]. CSA aims
to improve the attainment of national food security and strategic development goals by
sustainably boosting outputs and incomes, promoting resilience (adaptation), and reducing
greenhouse gas emissions (mitigation) [14]. CSA encourages the development of innovative
agricultural methods and systems, and it paves the way for more-sustainable policies that
incorporate environmental stewardship. Although CSA is widely known in southern
Africa, its promotion and adoption are still in their infancy, and consequently, smallholder
farmers in the region have been left exposed to the adverse effects of climate change [15].

There are few reviews evaluating smallholder agriculture in southern Africa within
the context of the threats posed by climate change and potential CSA approaches that
are applicable to the region. Current reports on this topic are either disjointed or have a
narrow scope. Therefore, the present review aims to (i) compile information on the status,
significance, and contribution of smallholder agriculture to food security in southern Africa;
(ii) assess the vulnerability of southern African smallholder farmers to climate shocks;
and (iii) identify the CSA activities most suited to southern African smallholder farming
systems.

2. Status and Importance of Smallholder Agriculture in Southern Africa

The majority of the Southern African Development Community (SADC) member
states depend heavily on agriculture to sustain rural livelihoods and economic growth.
Apart from South Africa, smallholder farmers constitute the bulk of farmers in the rest of
the SADC states. In most SADC nations, the agricultural sector provides food, income,
and employment for almost 70% of the population [1]. Additionally, agriculture is one
of the main drivers of the gross domestic product (GDP) of most SADC nations. When
South Africa is excluded from the analysis, the estimated contribution of agriculture to
SADC nations’ GDPs rises to 16%, and for low-income nations, it can even reach 21% [1].
Agriculture in southern Africa also accounts for roughly 13% of the region’s total export
revenue. Clearly, the performance of the agricultural sector in southern Africa significantly
impacts the region’s food security, economic growth, and social and political stability [1].
However, for most SADC countries, it is difficult to attain food security because of poor
agricultural outputs and limited development. Poor agricultural performance results
from several factors, including poor market access, limited incentives for agricultural
intensification, poor soil fertility, and unfavorable policies [16]. Climate change adds more
strain to this already-struggling sector in southern Africa. Therefore, unless adequate,
sustainable measures are taken, food and nutritional insecurity will most likely continue to
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rise in southern Africa, posing a threat to the livelihoods of millions of marginalized people
who are directly or indirectly reliant on agriculture.

2.1. Rainfed and Irrigated Agriculture

In southern Africa, most agricultural activities are carried out under a rainfed system.
Therefore, agricultural productivity is subject to significant seasonal rainfall variations
induced by climate change. For nations where agriculture is a major economic driver, inter-
annual rainfall variability has been linked to variations in agricultural GDP [5]. Thus, in
SADC states, irrigation is linked to increased agricultural GDP growth and productivity [17].
Consequently, one of the agricultural production goals outlined in the SADC Regional
Indicative Strategic Development Plan (RISDP) is to double the average area of cropland
under irrigation in the SADC region from 3.5% to 7% [17]. However, according to Chilonda
et al. [17], Madagascar (37%), Mauritius (20%), Swaziland (28%), and South Africa (30%)
were the only countries that met the SADC RISDP irrigation target. At least 15% of cropland
is under irrigation in Madagascar, Swaziland, and Mauritius. In contrast, less than 5% of
cropland in Angola, Botswana, DRC, Malawi, Namibia, Tanzania, Lesotho, Mozambique,
and Zimbabwe is irrigated [17].

2.2. Crop Production

Cereal crops are the most-commonly traded agricultural commodities in southern
Africa. They are the main source of sustenance for the majority of people. Cereals take
up more than 50% of the region’s agricultural land, with maize making up more than
40% of the total harvested area [18]. Other significant crops include millet and sorghum,
particularly in arid regions, while wheat is grown under irrigation in most SADC states. If
the productivity of the aforementioned grains does not increase to meet the rising demand,
sustained levels of food security and economic growth will not be possible in the SADC
region. The per capita cereal production in the SADC region has progressively decreased
over the past 5 years by 15.3% due to both slower growth rates for cereal production and
population growth, which has increased the demand for food imports [19]. On average,
a typical sub-Saharan African (SSA) farmer only produces 1 t/ha of cereals annually [19].
Between 2020 and 2022, cereal yields were forecast to increase in Madagascar by 3.6%, while
they were expected to decrease in Malawi by 14.1%, in Mozambique by 4.5%, in South
Africa by 8.5%, in Zambia by 22.2%, and in Zimbabwe by 42.3% [19]. Thus, USAID [20] has
indicated that a keyway to enhance food security, improve incomes, combat poverty, and
reduce food-importation costs in southern Africa is to increase cereal productivity.

2.3. Animal Production

Since crop production has been compromised by various climate-change-related fac-
tors, including unpredictable rainfall and marginal soils, animal production is a suitable
alternative in around 70% of the agricultural area in the majority of subtropical nations [21].
The livelihoods of rural communities significantly benefit from the production of live-
stock, both directly and indirectly. Up to 50% of the household income in rural African
communities comes from livestock, with beef and dairy cattle, goats, sheep, and poultry
accounting for 92% of the total income [22]. Excluding cattle-holding for savings, the net
annual worth of the direct benefits from livestock in a communal region of South Africa
was calculated to be USD 656 per household. This contribution’s net worth was equal to
22.7% of the total value of the other sources of revenue that were taken into account [23]. In
Mozambique, cattle production contributes 6% of agriculture’s ~26% contribution to the
national GDP [24].

3. Vulnerability of Smallholder Agriculture to Climate Change

Climate-induced vulnerability refers to the degree to which a farming system is
susceptible and unable to cope with the effects of climate change, including variability and
extremes in the weather [25]. Southern Africa has a low capacity for appropriate response,
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which contributes to its high vulnerability to climate change. Agriculture is subject to a
multistressor setting linked to global environmental, economic, and sociopolitical change
processes. Mapfumo et al. [26] list the following as the main factors that cause smallholder
agricultural communities in many southern African countries to be particularly vulnerable
to climate change: (i) a high reliance on crop production systems that are sensitive to climate
change; (ii) low and declining soil productivity; (iii) land degradation and a declining
natural resource base; (iv) the weakening of local institutions and conventional social
safety-net systems; (v) an inadequate and dwindling capital resource base; (vi) a lack of
timely access to crop production input and output markets; and (vii) a high prevalence of
HIV/AIDS, malaria, and other diseases.

Implications of Climate Change on Smallholder Agriculture and Food Security

Considering that Africa’s agriculture industry is the most vulnerable to climatic ex-
tremes, all four aspects of food security—availability, accessibility, utilization and stability—
are impacted by climate change [27]. The CDKN [27] projected that, because of their high
sensitivity, underprivileged groups in Africa, including women, children, the elderly, and
people living with disabilities, will experience the adverse effects of climate change more
than others. In the worst situations, the relative economic cost of climatic extremes might
reach 8% of the GDPs of developing nations [5]. For instance, Namibia may incur yearly
losses of 1 to 6% of its GDP, with the most severe effects anticipated to be experienced
by fisheries, traditional agriculture, and animal production, resulting in a total annual
loss of USD 461–2045 million by 2050 [27]. Food availability, accessibility, nutrition, and
stability would all suffer from decreased agricultural production [28]. Global food prices
are expected to increase as a result of unpredictable food production brought on by climate
change [28]. Increased food demand due to population expansion, rapid urbanization, and
increasing wealth in developing nations will likely exacerbate this situation [28].

4. Climate-Smart Agriculture: A Response to the Global Challenge of Climate Change

It is understood that anthropogenic greenhouse gas (GHG) emissions are primarily
to blame for global warming, its associated effects on the overall climate, and its detri-
mental implications for agricultural production. Ironically, agriculture also plays a part
in the production of greenhouse gases and global warming. According to estimates, the
production of crops and animal products, along with related changes in land use and cover,
contributes roughly 10 to 12 Gt CO2 equivalents per year, which is 24% of the world’s GHG
emissions [28,29]. Southern Africa, with 27%, is the second-largest producer of agriculture-
related GHG emissions on the African continent, after East Africa, which is responsible for
34% [30]. Climate-smart agriculture (CSA) not only provides a strategy for tackling the
escalating food security crisis in southern Africa, but it can also contribute to reducing GHG
emissions. In a triple win, CSA presents an opportunity to simultaneously reduce agricul-
tural GHG emissions, contribute to sustainable improvements in agricultural productivity,
and contribute to increased incomes and food security (Figure 1). There is evidence that
this strategy can improve farmers’ ability to adjust to long-term climatic shocks and reduce
the negative consequences of climate change on food value chains [31,32].

4.1. CSA Initiatives in Southern Africa

Smallholder and commercial agriculture are the two categories of farming systems
in southern Africa, with the smallholder sector predominating in the majority of the
countries in the region. Dixon et al. [33] further describes smallholder farming practices
as predominately “maize-mixed systems and rain-fed”. Similar to other regions of SSA,
crop yields from these smallholder farms typically vary from 0.5 to 2.0 tons per hectare for
grains and legumes [28]. Adaptation and mitigation strategies for both crops and livestock
are separately explored below as potential CSA management actions in SADC member
states.
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4.1.1. Adaptation Strategies
Crop Management

Southern Africa urgently needs adaptation methods since climate change is expected
to drastically diminish crop productivity, and particularly that of the key cereal crops [34,35].
The alternatives for crop-based climate-change adaptation studied in southern Africa are
listed in [26]. These are also mentioned below in relation to scoping studies on CSA that
the Food, Agriculture, and Natural Resources Policy and Analysis Network (FANRPAN)
implemented in 2014.

Crop Diversification and the Use of Abiotic Stress-Tolerant Cultivars

Botswana, Namibia, South Africa, Swaziland, and Zimbabwe are among the coun-
tries that are pursuing crop diversification (cereals and legumes) and the utilization of
stress-tolerant cultivars [36–40]. According to Munkeni and Mutengwa [38], crop cultivars
that are resistant to heat and water stresses are continuously being developed in South
Africa as a response to the country’s periodic droughts and heat waves. Kondwakwenda
et al. [41], indicated that open-pollinated maize types and hybrids and bean varieties that
are tolerant to various stresses have been developed in SSA over the past few decades.
The development of stress-tolerant crop varieties in Africa under various project code-
names has been implemented by the International Research Centers, which are part of
the Consultative Group on International Agricultural Research (CGIAR), in collaboration
with the National Agricultural Research Systems (NARS) and private seed companies. For
instance, the Water Efficient Maize for Africa (WEMA) project was carried out by South
Africa’s Agricultural Research Council (ARC) in collaboration with CIMMYT, the African
Agricultural Technology Foundation (AATF), Monsanto, and other NARS institutions to
produce drought-tolerant maize hybrids, some of which have been released in southern
Africa [41]. The Improved Maize for African Soils (IMAS) project was a collaboration
between the ARC, the Kenya Agricultural Research Institute, and the Pannar Seed com-
pany that aimed to create cultivars resistant to low nitrogen levels. The cultivars released
under the above-mentioned projects are positively impacting livelihoods through food and
nutrition security [41].

Studies on orphaned crops are increasing in South Africa and other parts of the SADC
region. Orphaned crops give farmers a way to diversify their businesses, and they include
various tuberous, leguminous, cereal, and root crops. Typical examples of orphaned crops
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include native green vegetables, such as Cleome (Cleome gynandra) and Amaranthus species,
as well as cassava (Manihot esculenta), pigeon pea (Cajanus cajan L.), and pearl millet [42].
Commercial and smallholder farmers in South Africa’s Western Cape Province propagate
the carob (Ceratonia silliqua), a drought-resistant evergreen tree [38].

Management of Pests, Diseases, and Weeds

Another anticipated consequence of climate change in southern Africa and other
regions is an increase in the spread and establishment of new diseases, weeds, and insect
pests. It is anticipated that new insect pests and diseases will be more virulent than existing
ones [6]. In their study, Mafongoya et al. [6] found that aphids, whiteflies, red spider
mites, and thrips were becoming more prevalent in South Africa and Zimbabwe. The first
emergence of the tomato torrado virus (ToTV) in Africa was also reported by Mafongoya
et al. [6].

An effective technique for handling the pressure caused by insect pests and diseases
that are climate-change related is continuous surveillance combined with integrated pest
management (IPM). The Agricultural Research Council (ARC) of South Africa carries out
yearly surveys to determine the virulence status of the pests and diseases of significant
crops [38]. Breeding offers a long-term remedy for contemporary and historical pests.
Plant breeders use both conventional and modern breeding techniques to increase a crop’s
resilience to particular pests and diseases [41,43].

Improving Access to and the Use of Soil, Water, and Natural Resource Management
Technologies

Curbing the effects of climate change requires using cutting-edge and tried-and-true
indigenous land farming methods, such as integrated soil fertility management (ISFM),
conservation agriculture (CA), land restoration technology, and water management strate-
gies and procedures. ISFM is a climate-smart approach because it enhances soil carbon
and boosts crop outputs while judiciously integrating chemical fertilizers, organic inputs,
and improved germplasm [28]. Nkonya et al. [44] have shown that applying nitrogen and
manure together boosts returns by 58%, as compared to applying nitrogen alone. Several
biophysical and socioeconomic factors impact how widely ISFM is used. However, the
soil health program of the Alliance for a Green Revolution in Africa (AGRA) has shown
through its “Going Beyond Demos” effort that the adoption of ISFM can be significantly
boosted [28].

Zero- and minimum tillage techniques, for example, can increase soil organic matter
levels and, as a result, water storage and retention. In addition, agroforestry systems that
mix shallow-rooted plants with deep-rooted trees can be employed to better utilize the
moisture in the soil [15]. Reverse-slope terraces and water-harvesting technologies are
part of an integrated water management solution for rainfed systems. So far, it is too
early to quantify the performance of these coping strategies with regard to climate-change
mitigation in various regional ecological zones. Nevertheless, some of the strategies are
under trial in a number of SSA countries, including Zimbabwe (CA, ISFM) [40], Lesotho
(CA, relay cropping, intercropping, basin agriculture, and pit planting) [45], Malawi (CA
and Agroforestry) [15], and South Africa (CA and infield rainwater collection) [38].

Developing Infrastructure for Irrigation in Smallholder Farming Areas

A large portion of southern Africa experiences water shortages that restrict the growth
of dryland crops due to low and unpredictable rainfall coupled with high evaporative
demand. Irrigated agriculture is a key choice for increasing crop productivity in these
circumstances. Namibia and South Africa have made large expenditures in the construction
of irrigation infrastructure [37,38]. About 30% of the irrigated area in southern Africa is
located in South Africa, where irrigation has been developed the most [28]. Irrigation,
however, is more advanced in South Africa’s commercial sector than in the smallholder
sector. Smallholder irrigation schemes in South Africa also function poorly, as seen by the
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low maize grain yields, which average less than 3 t/ha, a situation which is mostly the
result of poor management [46]. Accordingly, Van Averbeke et al. [46] have concluded that
investing in farmer capacity and competence-building should accompany the construction
of irrigation infrastructure so as to increase scheme performance. Thus, other nations in
the region that are considering investing in the development of irrigation for smallholders
would find a valuable lesson in South Africa’s experience.

Livestock Management

Because livestock production is so susceptible to climate change, adaptation methods
are crucial for sustaining productivity in a rapidly changing climate. Additionally, this
industry must implement strategies for mitigating erosion because livestock systems signif-
icantly contribute to greenhouse gas emissions, water depletion, and large soil losses [47].
The implementation of this strategy in southern Africa includes the readjustment of stock-
ing rates and timing to coincide with pasture productivity and the application of additional
feeds [48]. The use of adapted breeds, such as Afrikaner, Nguni, Boer goats, and hybrids
of native and foreign breeds, is proving to be a smart strategy for increasing livestock’s
resistance to the harsh conditions caused by climate change [49].

Better Use of Short-Term and Seasonal Climate Forecasting

By promptly informing farmers and other stakeholders about disasters, effective early
warning systems (EWSs) can improve farming communities’ resilience to the effects of
climate change. Many EWSs are utilized across the entire SADC area to provide daily
and monthly extreme weather alerts. The Wide Area Monitoring Information System
(WAMIS), which offers near real-time monitoring and mapping capabilities of natural
events, including fires, floods, and droughts, and the Advanced Fires Information System
(AFIS), a satellite-based fire information tool, are two examples of EWSs that are active in
the SADC region [38].

4.1.2. Mitigation Strategies

Taruvinga et al. [49] have asserted that the following four major strategies can be used
to reduce GHG emissions from agricultural ecosystems and are applicable to southern
Africa in the context of CSA.

Cropland Management

Agroforestry, crop rotation, fertilizer management, residue management, water man-
agement, and land use are examples of excellent agricultural and water-management
methods that contribute to climate-change mitigation [49]. These methods increase agricul-
tural productivity and income in addition to reducing GHG emissions. For instance, by
implementing zero- or minimum tillage, conservation agriculture can significantly cut CO2
emissions through reduced fossil-fuel use. Lesser soil disturbance is also linked to lower
atmospheric CO2 emissions because it encourages less exposure of soil organic matter to
oxidation. The retention of agricultural residues also increases soil carbon in the surface
layers, which aids in the sequestration of CO2. Low fertilization rates under CA technology
contribute to reducing atmospheric N2O emissions by increasing fertilizer-use efficiency.

Grazing Land Management and Pasture Improvement

Legumes can be planted to diversify pasture species on grazing and pasture land,
which reduces CH4 emissions [50]. Keeping animal density at appropriate levels in a
grazing system lowers CH4 emissions. However, farmers typically oppose this strategy
because of the associated opportunity cost [5]. By rehabilitating unproductive areas, pre-
venting further degradation, and improving veld conditions, the Red Meat Production
Association (RPO) in South Africa promotes sound forage management techniques that
maximize efficiency in livestock production systems with a minimal adverse impact on the
environment [49].
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Livestock Management

Methane emissions associated with the rearing of cattle can be decreased by controlling
cattle diets, ruminal microbiota, feed processing, and feed intake. On the other hand,
livestock productivity can be increased by enhancing diet quality, removing nutrient
deficiencies, employing growth promoters, and selecting the right breeds [51]. This enables
farmers to maintain a reasonable amount of cattle. Methane levels related to the rearing of
ruminants’ can be reduced by increasing their intake of tannin-rich vegetables. According
to previous reports, the moringa plant (M. oleifera Lam.) has an excellent nutritional profile
that could boost animal output [52]. The improved chemical composition, color, and
lipid stability of meat have been attributed to the anti-oxidative potential of M. oleifera
leaves [53]. It has been revealed that adding Acacia karroo to natural pastureland improved
the quality and protein content of beef, while also giving it a fresher appearance [54].

Manure Management

Manure management as mitigation strategy aims to lower the CH4 emissions in
manure through wise use and management [49]. Ruminant cattle fed on high-protein
concentrates produce manure that has a high methane-production capacity [55]. As a result,
this type of manure is perceived as being ideal for anaerobic digesters.

5. Adoption of CSA Technologies by Smallholder Farmers in Southern Africa

The aforementioned adaptation and mitigation measures, along with others, have
mostly undergone experimental testing. Their adoption and application in southern Africa
vary depending on the size of farming operations. Commercial farmers have adopted CSA
technologies more quickly than smallholder farmers because they have a larger capital base
and stronger organizational capabilities. In southern Africa, only South Africa has a sizable
commercial industry, and farmers of crops and livestock actively investigate and use CSA
technologies [38]. In the rest of southern Africa, in which smallholder farmers dominate
the agricultural sector, there has been a relatively low adoption of CSA methods, and those
nations are most susceptible to the negative effects of climate change [26].

The main challenges associated with the implementation and promotion of CSA meth-
ods in southern Africa include the lack of human and material resources [8]. Financial
and technological limitations place a limit on material capacity. The majority of the CSA
technologies that are currently promoted in southern Africa, such as improved seeds and
machinery for agroecological techniques, including conservation agriculture, are imported.
This results in high costs for farmers at the community level and for the economy at the
national level. Inadequate human resource capacity is caused by a shortage of extension
personnel who have been trained in CSA technologies. Poor policy coherence, which is
reflected in inadequate cross-sectoral coordination and occasional disagreement among sev-
eral ministries or departments handling climate and agricultural policies, is another major
challenge in the implementation of CSA. This challenge has led to a non-synergistic ap-
proach and perverse incentives that obstruct the promotion of CSA practices. For instance,
conventional tilling receives greater subsidies than no-tillage farming in Botswana [36] and
South Africa [38]. Other challenges that hamper the effective implementation of CSA are
the limited incorporation of the of the smallholder sector and the lack of gender respon-
siveness in governance. This is evidenced by the top-down policymaking system and the
traditional patriarchal institutions that discriminate against or forbid women from owning
or inheriting land, claiming credit, or participating in decision-making [38]. Table 1 shows
some of the CSA options or supporting measures of CSA that have been implemented in
some of the SADC member states.
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Table 1. Some of the CSA options or supporting measures of CSA implemented in some of the SADC
member states.

SADC State CSA Option or Supporting
Measure

CSA Point of Action or Technology Summary
Description References

Botswana Capacity-building

Building the capacity of national and local
institutions to promote the integration of

traditional practices with CSA into crop and
livestock production systems

[56]

Mozambique Climate-smart varieties

Biotic- and abiotic-stress-tolerant sweet potato
varieties have shown increased yields over local
ones under harsh condition such as drought and

intense heat

[57]

Use of organic manure and
mulch

Most production systems and plantations across
the country commonly use organic manure,

particularly from poultry, pigs, and cows
[56]

Crop production under shade
houses

The use of shade houses as cropping
environments was initiated decades ago in

Seychelles. The main advantages of using shade
houses over traditional farming is that crops

grown under shaded environments are protected
from harsh weather conditions and have
minimal exposure to pests and diseases.

[56]

Early warning systems

The use of weather information in agriculture
activities was promoted by the World

Meteorological Organization and the State
Agency for Meteorology in Seychelles since 2000

through various projects. They are improving
agriculture through seasonal forecasting and the

use of climate information for making key
decisions, such as the choice of planting dates

[56]

South Africa Efficient water management

The use of more-efficient irrigation methods,
such as drip irrigation and sensor-based

technologies to ensure that only the required
amount of water is applied since the water

supply is limited. In addition, the use of efficient
irrigation scheduling methods

[58]

Zambia Conservation agriculture

Nongovernmental organizations have been
instrumental in spearheading the promotion of
conservation agriculture in Zambia for over 20

years. Minimum soil tillage, continuous soil
cover, and crop rotation are practiced under this
technology. Minimum tillage is implemented via
hand-hoe basins, ox-drawn ripping, and tractor

ripping.

[59–61]

Zimbabwe Pfumvudza/Intwasa

The Zimbabwean government has recently
adopted the Pfumvudza farming concept, which

is a derivative of conservation agriculture in
which farmers utilize small pieces of land and

apply the correct agronomic practices to achieve
higher returns. The agronomic practices follow

the principles of conservation.

[62,63]

The meaningful application of CSA in southern Africa depends on the success in
overcoming the issues discussed above. In order to achieve this, the FAO [56] has presented
numerous proposals, the implementation of which could enhance the mainstreaming of
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CSA methods in southern Africa to ensure sustainable food production in a changing
environment. These include the following:

1. To boost human and technical development, promote sustainability and reduce over-
reliance on donor aid, there is a need for increased budgetary allocation and invest-
ments in CSA in southern Africa. This can be accomplished through technology
transfer and capacity-building that go beyond the exporting of technological goods
but aim to support endogenous African scientific and technological growth that builds
on indigenous knowledge that is related to CSA.

2. Enabling government policies should be enacted in relation to CSA, its promotion, and
implementation. To do this, existing policies, including those on subsidies, tax breaks,
and credits, would need to be revised to remove skewed incentives and to better
align them with CSA strategies. To minimize conflicts and establish synergies for the
adoption of CSA, there should be coherence across policies from several ministries
and sectors.

3. The equitable involvement of all stakeholder groups in agricultural governance and
meaningful representation of smallholder farmers and other marginalized groups
will ensure inclusion in the formulation of agendas, policies, and decisions related
to agricultural development and adaptation to climate change. Additionally, the
provision of extension services needs to be restructured into a “two-way” extension
services system in which both farmers and extension officers have the opportunity
to share their knowledge and experiences. This will encourage the mutual sharing
of ideas and the continued improvement of scientific knowledge and skills that
incorporate useful traditional indigenous knowledge [56].

6. Conclusions

Southern Africa’s economic development and rural livelihoods rely heavily on agri-
culture as a source of food, income, and employment. Consequently, the performance of
the agricultural sector has a significant impact on food and nutritional security, economic
growth, and social and political stability. Smallholder agriculture is extremely vulnerable
to climate change due to several stressors, such as a lack of knowledge about climate
change and weak institutional, financial, and technological capabilities. Therefore, the
livelihoods of millions of farmers who depend on the production of crops and livestock are
in danger. The implementation and adoption of CSA in southern Africa can yield benefits
in three ways: by reducing agricultural GHG emissions, by contributing to sustainable im-
provement in agricultural productivity, and by contributing to increased incomes and food
security in the region. While some CSA technological packages have been implemented
by the commercial farming sector, relatively few innovations have been embraced by the
smallholder sector in the SADC region due to the several barriers highlighted in this review.
Some of the key CSA technologies that are applicable or have been implemented in some
SADC countries include the use of climate-smart crop varieties, CA, the use of organic
manure and mulch, and efficient water management practices. The barriers to adoption can
be overcome by coordinated efforts involving different stakeholders. Reducing overreliance
on donor aid, enacting CSA-enabling polices, and ensuring the equitable involvement of
all stakeholders can help to enhance the adoption of CSA technologies in southern Africa.
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