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Abstract

Sub-Saharan Africa (SSA) faces severe land degradation, driven by a combination of human and natural factors. De-
forestation, inadequate land management practices, and unsustainable farming methods are the primary causes. The
historical trends reveal the impact of soil erosion and nutrient depletion on 70 % of the soil and 65 % of its total
land area. Unchecked degradation poses a critical threat to economic growth and poverty reduction initiatives. The
region’s food security is intricately linked to the complex interplay between land degradation and a rapidly growing
population. Escalating demand for agricultural resources raises concerns about the ability to meet the needs of SSA’s
population. The adoption of sustainable agricultural intensification practices (SIAP) emerges as a crucial strategy
to address land degradation and enhance food security. SIAP involves innovative and ecologically sensitive tech-
niques, such as agroforestry and organic farming, targeting to optimise resource use and minimise negative impacts
on soil health. The interconnectedness between factors of land degradation, food security, and the contribution of
SIAP underscores the urgency of adopting sustainable practices to ensure a balanced relationship between agricultural
productivity and environmental conservation in SSA. While SIAP holds promise, challenges such as socio-economic
barriers, low adoption rates, and contextual variations necessitate continuous support and well-designed policies for

successful implementation.
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1 Introduction

Land is an essential resource (IPCC, 2019) and land
degradation is commonly defined as the deterioration of the
productive capacity of land (AbdelRahman, 2023; Pacheco
et al., 2018). Land degradation stands out as one of the most
persistent and pressing global challenges (Stocking, 2001).
Sub-Saharan Africa (SSA) accounts for 20 % of the value
of ecosystem services of the terrestrial biomes and 16 % of
the world’s land area (Nkonya et al., 2008; Nkonya et al.,
2016). The region accounts for 14.97 % of the world popu-
lation in 2022 (UN, 2022) and is expected to account for
35% by 2100 (Ezeh et al., 2020). Smallholder farms ac-
count for more than 80 % of all farms, and farmers provide
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up to 90 % of the food supply in the region (Goedde et al.,
2019; Hlophe-Ginindza et al., 2021). However, the region
bears the most considerable portion (22 %) annual cost of
land degradation in the world (Nkonya et al., 2016). The
world’s most serious land degradation has been occurring in
SSA during the past ten years (Byaro et al., 2023). Unsus-
tainable agricultural practices and deforestation are the lead-
ing causes (Zingore et al., 2015). Nearly 70 % of the region’s
soil resources are affected by soil erosion and nutrient deple-
tion (Nkonya et al., 2008). 40 % of the soils in SSA are
characterised by low nutrient reserves (Tully ef al., 2015),
which is attributed to low suitability for agricultural produc-
tion. The demand for adequate, cheap, and nutritious food
in the region is being challenged by land degradation (Giller,
2020). As a consequence of degradation and climate change
by 2050, about 86 million people will tend to migrate within
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their own countries making it the region with the highest
number of internal refugees (WBG, 2021). Furthermore, the
negative impacts of land degradation on human society are
likely to become more prevalent, and undoubtedly SSA will
be among the most affected areas by these impacts (Nkonya
et al., 2016).

Responding to these challenges, researchers have in-
creasingly focused on sustainable agricultural intensification
practices (SIAP) in recent years. This shift reflects the re-
cognition of the pressing need for effective solutions to mit-
igate the consequences of land degradation. Civil society
organisations, governments, and nongovernmental programs
are also a part of this approach in SSA (M. A. Hossain et
al., 2021). SIAP has been reported to improve sustainable
production (Kansiime ef al., 2021), increase natural capital
(Pretty et al., 2014), and help smallholder farmers to achieve
higher yields on the same amount of land (Kassie et al.,
2015; Oumer et al., 2020). Simultaneously, sustainable agri-
cultural intensification serves as a vital strategy for reducing
the strain on natural resources (Dalezios, 2017; Yahaya et
al., 2018) and enhancing the resilience of agricultural sys-
tems in SSA, where dependence on natural resources for
livelihoods is pronounced.

In SSA, there is a notable gap in the literature regarding
the relationship between land degradation and food secur-
ity. While various studies exist on this topic, a comprehens-
ive synthesis is lacking, particularly in evaluating the effect-
iveness of sustainable agricultural intensification practices
in addressing land degradation and improving food secur-
ity. Moreover, limited exploration of the factors hindering
the contribution of these practices to addressing land degra-
dation further underscores the need for a systematic review.
Addressing this gap, this study aims to provide a compre-
hensive summary of existing literature on the topic, focusing
on assessing the impact of sustainable agricultural intensifi-
cation practices as a solution to combat land degradation and
improve food security in SSA. Specifically, this research en-
deavours: a) Review and evaluate the current state of land
degradation in SSA, examining indicators, causes, and im-
pacts; b) Assess the effectiveness of sustainable agricultural
intensification practices in mitigating land degradation and
their implications for food production systems in the region;
and c) Identify factors limiting the contribution of SIAP to
addressing land degradation in SSA, offering insights to in-
form strategies for overcoming these constraints.

2 Methodology

This systematic review methodology involved structured
approach to identify, select, critically appraise, and synthes-

ize relevant research studies aligned with our objectives.
It involved predefined criteria for study selection, system-
atic search strategies across multiple databases, transparent
data extraction processes, and quality assessment of included
studies.

2.1 Search strategy

The search strategy for this review was meticulously de-
veloped to ensure a systematic and focused approach. It
involved selecting key terms, specifying databases, set-
ting a publication timeframe, and applying selection cri-
teria based on relevance and methodology. These inclu-
sion/exclusion criteria encompassed factors such as rele-
vance to the research question, publication type, date, geo-
graphic scope, language, intervention/exposure, and out-
come measures aligned with the research objective. Fol-
lowing the Problem, Intervention, Comparison, Outcome
(PICO) framework paradigm, the essential concepts and
relevant scientific literature related to the research goal were
identified, articles with the potential to answer the research
questions were selected (Aromataris et al., 2014), and com-
ponents suitable for achieving optimal results were deter-
mined (Cumpston et al., 2020; Foo et al., 2021; Mengist
et al., 2020). The framework also guided decisions regard-
ing the time range for the review, databases searched, search
techniques employed, and methodologies for data extraction
and analysis, ensuring a comprehensive and robust synthesis
of the literature.

2.2 Search terms and strings

The scientific literature search was conducted using Web
of Science and Google Scholar as primary sources. Further-
more, official reports and databases international research
organisations including, the Food and Agriculture Organiz-
ation (FAQO), United Nations Conventions to Combat Deser-
tification (UNCCD), European Soil Data Centre (ESDAC),
International Centre for Tropical Agriculture (ICTA), and
Consultative Group on International Agricultural Research
(CGIAR) addressing similar findings aligned with the re-
search objectives were consulted and reviewed to ensure
comprehensive coverage. To streamline the search process,
keywords, and connectors were employed systematically.
The following lists detail the keywords and connectors util-
ised during the search: land degradation, sustainable inten-
sification, SSA, AND erosion OR climate change OR soil
fertility OR natural resource management, OR agroforestry
OR soil conservation OR conservation agriculture (CA) OR
pull-push OR zero tillage OR soil conservation OR water
conservation OR manure OR organic fertilizer OR compost
OR desertification OR water harvesting OR deforestation
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OR overgrazing OR salinisation OR alkalisation OR soil
compaction OR poor land management OR continuous cul-
tivation OR land OR degradation OR intensification OR sus-
tainability. Additionally, advanced search tools of the Web
of Science were used to refine the search following the cat-
egories: environmental science, environmental studies, plant
science, green, and sustainable technology, water resources,
agronomy, remote sensing, forestry, agricultural economics,
and policy.

2.3 Overview of the structure and typology of the reviewed
paper

The examined papers were distributed across 25 countries
within SSA, the general distribution accounts for 47 % of
West Africa (Benin, Burkina Faso, Cape Verde, Ivory Coast,
Ghana, Mali, Niger, Nigeria, Senegal and Togo), 31 % of
East Africa (Djibouti, Ethiopia, Eritrea, Kenya, Malawi,
Mozambique, Rwanda, Tanzania and Uganda), 16 % of
Southern Africa (Namibia, South Africa and Zimbabwe),
and 6 % of Central African countries (Cameroon, The DR
of the Congo). More than 80 % of the articles were pub-
lished after the year 2010. The publications search related
to the topic of smallholder farmers at different scales yielded
publications focusing on field and farm scales, as well as wa-
tershed scales, encompassing both qualitative and quantitat-
ive empirical studies, along with mixed findings at the land
scale. However, articles not clearly expressing and referring
to the topic and the search terms were excluded from the
result. These data were then assessed for objectives, com-
ponents, outcomes, requirements, and limitations and were
extracted solely from a total of 143 shortlisted articles (Fig.
1). The extracted data were then analysed and synthesised
to address the research question, with findings interpreted in
context.
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Fig. 1: Study flow diagram (adopted from Page et al. (2021))

3 Results

3.1 Land degradation and food security in sub-Saharan
Africa

3.1.1 Land degradation in sub-Saharan Africa

Land degradation in SSA is an issue, impacting rural live-
lihoods and environmental stability (Nkonya et al., 2008).
According to different scholars, 60 to 73 % of Africa’s top-
soil is degraded; 24 % of which is due to agricultural prac-
tices, 49 % to overgrazing, 13 % to overexploitation, and
14 % due to deforestation particularly for fuelwood (Verso,
2015). The significant percentages highlight the various
human activities contributing to the degradation of topsoil.
Moreover, soil erosion washed away 60 % of topsoil, which
ultimately ended up in rivers, streams, and lakes. which es-
calates the risk of flooding and increasing pesticide and fer-
tilizer runoff, thereby contaminating water bodies (Mulvi-
hill, 2021). This difficulty poses a substantial challenge to
enhancing the sustainability of agricultural systems, particu-
larly within SSA (Annappa et al., 2023; Wakweya, 2023).
Alarming predictions indicated that by 2020, over 75 % of
SSA’s arable land had been expected to be degraded (Snapp
et al., 2018), with projections suggesting that by 2050, as
much as 90 % would be at risk (UNCCD, 2022). Fig. 2 il-
lustrates extensive land degradation across Southern Africa,
Southeastern, Eastern, Partly Western, and Central African
regions, depicted in white to signify absence and black to
indicate presence (Nkonya et al., 2016).
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Fig. 2: Extent of land degradation in SSA, adopted from Nkonya
et al. (2016) and Gibbs et al. (2015).

Land degradation in SSA is a multifaceted issue with sig-
nificant environmental, social, and economic implications
(Eni, 2012). Natural factors such as climate variability and
extreme weather events, combined with human activities like
deforestation, unsustainable agricultural practices, and urb-
anisation, contribute to the degradation of land and natural
resources in the region (Becerril-Pifia et al., 2021; Pelser
et al., 2000). The consequences of land degradation are
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far-reaching, affecting food security, water resources, biod-
iversity, and the livelihoods of millions of people who de-
pend on the land for their sustenance. Understanding the root
causes and major impacts of land degradation is crucial for
sustainable land and natural resource management (Morales
et al., 2019). To visually support the preceding discussion,
Fig. 3 presents a summary of the main driving factors and
adverse impacts of land degradation in SSA (Qi et al., 2020).
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Fig. 3: Summary of driving factors and impacts of land degrada-
tion in SSA (Compiled by the Author).

3.1.2 Land degradation and food security in sub-Saharan
Africa

The fundamental issue of food security in SSA is intric-
ately linked to the complex interplay between land degra-
dation and the region’s rapidly growing population (Welde-
ghaber et al., 2006). The demand for agricultural resources
and land (FAO, 2022), driven by population growth of
around 3 % per annum (UNEP, 2015). Agriculture, a corner-
stone of SSA’s economy, is crucial for ensuring food secur-
ity (Claire, 2014; Utuk, 2015), mainly for small farms (El-
Ramady et al., 2014; Kavoi et al., 2014). It is well reported
that growth generated by agriculture is several times more
effective in reducing poverty than growth in other sectors in
SSA (Claire, 2014). However, intensive agricultural prac-
tices have led to substantial soil fertility decline in various
parts of the region (Gupta, 2019). 39 % of households in
SSA are classified as severely food insecure (Fraval et al.,
2019), and the region faces four times more land degrada-
tion than any other global area (Bjornlund et al., 2022; FAO,
2017). This degradation exacerbates the challenge of feed-
ing a growing population and intensifies the strain on natural
resources, including increased demand for fuelwood (Maja
et al.,2021), leading to land degradation, desertification, cli-
mate change and subsequent food insecurity (Frelat et al.,
2016). Deforestation driven by agriculture significantly con-
tributes to greenhouse gas (GHG) emissions in SSA, with
the majority originating from land-use change, forestry, and

the agricultural sector as of 2020. This sector alone accounts
for approximately 43 % of CO, emissions in SSA. Poverty,
greenhouse gas emissions, and land degradation are inter-
connected challenges, each exacerbating the other in a com-
plex cycle of environmental and socioeconomic vulnerabil-
ity. Despite strides in agricultural research and development
efforts to improve yields and incomes, these impacts and
their interconnectedness have not been commonly realised
(Thornton et al., 2011). The failure to prioritize sustainable
food production, rural welfare, land protection, and soil fer-
tility regeneration could perpetuate a cycle of food insecurity
in SSA for years to come.

3.2 Land degradation: A comprehensive review of indicat-
ors, causes, and impacts

3.2.1 Land degradation indicators

In the realm of understanding land degradation, indicat-
ors emerge as pivotal tools, offering specific, measurable
metrics to evaluate the land’s health and track changes over
time. These indicators, highlighted in numerous studies
(FAO, 2003), not only serve as early warning signs but also
provide crucial information for monitoring, analysis, and
decision-making. However, the widespread use of indicator-
based methodologies is not without conflicting perspectives
(Kairis et al., 2014), particularly concerning their application
in monitoring land degradation (Morales et al., 2019). The
selection and interpretation of indicators demand caution,
considering the diverse local conditions and underlying rela-
tionships influencing land degradation. Indicators, instead of
simply indicating deterioration or progress, may authentic-
ally spotlight variations in the natural condition (FAO, 2003).
Previous research has employed a spectrum of indicators
to gauge land degradation, encompassing aspects related to
soil water (Imbrenda et al., 2013), land cover (Abdelfattah,
2009; Al-Awadhi et al., 2005; Kosmas et al., 2014), veg-
etation (Sharma, 1998), hydrology, runoff, sediment yield
(Vanmaercke et al., 2011), and groundwater resources (Es-
waran et al., 2019). Some studies even delve into the use
of implemented regulations or policies as indicators of re-
source development and ecological sustainability, acknow-
ledging their protective role against degradation (Salvati et
al., 2016). The literature further uncovers that indicators re-
flecting human pressure, institutional factors, social dynam-
ics, and tourism contribute to assessing land vulnerability
(Kosmas et al., 2014; Pace et al., 2023). Table 2 serves
as a comprehensive summary, outlining the most prevalent
factors and indicators of land degradation derived from ex-
isting research. Factors are variables that contribute to a phe-
nomenon or situation. They are often broad categories that
involve various aspects. Each factor has multiple indicat-
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Table 1: Summarizes factors and indicators of land degradation in agricultural land of sub-Saharan Africa.

Factor

Indicator

Citation

Climate

Air temperature, rainfall, aridity index, potential evapotranspiration, and
rainfall seasonality & erosivity (Extreme weather, too much or too little
rainfall, high precipitation - soil erosion, drought - low rainfall amount,
flooding — sedimentation).

(Sharma, 1998; Sivakumar
et al., 2007; Webb et al.,
2017; WMO, 2005)

Water and water use

Quality and quantity, groundwater exploitation, water demand, irriga-
tion %, runoff water storage, water consumption per sector and water
scarcity (low salinity, sodium adsorption ratio, conductivity, decreased
area of water bodies, advanced runoff, declined groundwater resources,
reduction in recharge rate in the hydrological area, reduction in surface,
runoff volume, irrigation land area, and water consumption/year).

(EU, 2018; Noble, 2012;
Nyssen et al., 2009; Oli-
veira et al., 2021; Pereira,
2005)

Soil Drainage, parent material, rock fragments, slope aspect, soil texture, wa-  (Akbari et al., 2020; ES-
ter storage capacity, and organic matter content, reduction or restricted DAC, 2020; Eswaran et al.,
segregation of soil elements the depth of hyrdomorphic features (Fe, Mn  2019; EU, 2018; Nelson,
waterlogging, lack of oxygen and affects groundwater depth, compac- 2009; Noble, 2012; Nyssen
tion, decreased rainwater infiltration, redaction in the amount of water et al., 2009; Oliveira et
stored in soil & availability for plant growth, landfilling & accelerated al., 2021; Pereira, 2005;
soil erosion, flooding of low land and bedrock exposure on the soil sur-  Sharma, 1998; Sivakumar
face, wind and water erosion, reduction in % of plant material, salinisa- et al., 2007)
tion, land productivity).

Vegetation Effective land use and urban area, vegetation cover type, plant cover, (Barbier et al., 2018;

grazing intensity & deforested area, land abandonment, land-use intens-
ity, period of existing land use and fire frequency, fire risk, a burned area,
& fire protection (Vegetation loss, Increase the application of fertilizers
and pesticides, decreased land productivity, land use land cover change,
overgrazing and uncontrolled grazing, deforestation, and low protection).

Bensel, 2008; Bishaw et
al., 2013; Borrelli et al.,
2020; Dimobe et al., 2015;
Sengupta, 2013)

Land management
and water runoff

Drainage density, flooding frequency, impervious surface area, reclama-
tion of affected areas, soil erosion control measures, soil water conser-
vation measures and terracing presence/absence (length of streams, size
of water bodies, changes in land use, urbanisation, soil sealing, industry,
transport, and waste disposal, deteriorated groundwater resources, erod-
ible soil, flooding of low-land and dam sedimentation).

(Gardner et al., 2009;
Gessesse et al., 2014,
Kairis et al., 2014; Kos-
mas et al., 2014; Niang
et al., 2015; Sharma,
1998; Stroosnijder, 2007;
Zainuddin, 2023).

Agricultural and
cultivation-related

Farm ownership, farm size, parallel employment, net farm income, till-
age (operations, frequency, depth, directions), mechanisation index (A
decline in total land in hector and total income from the farm for each
family, Soil disturbance and compaction tillage depth and frequency, Soil
erosion, intensified agriculture and cultivation practices with slopping,
waterlogging- mechanisation related to soil disturbance and compaction,
monocropping and excessive use of agrochemicals).

(Akbari et al., 2020;
Hossain et al., 2020; Mor-
timore, 1993; Priya, 2021;
Salvati, 2011; Salvati et al.,
2016; Wolde et al., 2021)

Social Human poverty index, aging index, population density, growth rate, and  (Barbier et al., 2018; Baye,
distribution (Low level of human pressure on natural resources and farm  2017; Mortimore, 1993;
income, increases population that impacts long-term sustainability of nat- ~ Salvati, 2011; Salvati et
ural resources). al., 2016; Taddese, 2001;

Wolde et al., 2021)

Institutional Subsidies, protected areas, and policy enforcement, access to market (Chapman et al., 2019;
(Low and unsustainable restoration works, low level of biodiversity con-  Ding et al., 2021).
servation and cultural heritage, and the absence of agricultural and land-
use policies).

Tourism Tourism intensity and tourism change (Soil erosion, pollution, natural  (Ekonomou et al., 2023;

habitat damage, and endangered species).

Sahota, 2016; Stefanicad et
al., 2021).

ors that help assess and measure diverse aspects within that
broader theme. Understanding both factors and indicators
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is crucial for gaining insights into the complex dynamics of
land degradation, as factors provide the overarching frame-
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work within which indicators operate, helping to identify the
root causes and drivers of degradation.

3.2.2 The underlying causes and impacts of land degrada-
tion on sub-Saharan Africa’s agriculture

The extent of land degradation in SSA may vary across
studies (Gomiero, 2016), but the underlying factors and im-
pacts consistently mirror global patterns. A study by Tindwa
et al. (2023) demonstrates that 36 out of the 80 countries
affected by soil degradation worldwide are located in SSA.
This comprehensive review identifies causes ranging from
improper agricultural practices to deforestation and institu-
tional challenges, revealing the intricate nature of the issue.
Supported by extensive data, the impacts include concerns
such as soil acidity, nutrient loss, and declines in vegetation
cover (Qi et al., 2020). Alarming statistics reveal signifi-
cant percentages of land affected by water and wind erosion,
deforestation, as well as improper irrigation practices, driv-
ing changes in the landscape that negatively affect land qual-
ity and functionality. Extensive research on Table 3 high-
lights the extent and severity of these impacts. On aver-
age, approximately 39.9 % of land in SSA experiences low
nutrient capital reserves, and 45 to 67 % of the land is af-
fected by desertification, while over 25 % of SSA’s product-
ive lands are degraded due to mining activities. Identified
causes of land degradation impacts signify observable con-
sequences, providing insights into the severity and extent
of environmental, ecosystem, biodiversity, and human well-
being changes. Regional disparities highlight the urgency
of addressing these challenges, and the review emphasizes
the interconnectedness between land degradation and soci-
etal well-being, citing issues like food insecurity, low in-
come, and biodiversity loss. Table 3 serves as a valuable
resource to identified causes of land degradation in SSA and
serving as a valuable tool for decision-making, policy devel-
opment, and advocacy efforts aimed at promoting sustain-
able land management practices and environmental conser-
vation. The meticulous citation of sources enhances the 15
cited paper’s credibility, forming a robust foundation for sub-
sequent research and policy interventions.

3.3 Sustainable agricultural intensification to combat land
degradation and food insecurity in sub-Saharan Africa

3.3.1 Sustainable agricultural intensification practices:
implications for land degradation and food produc-
tion systems in SSA

In SSA, agriculture plays a crucial role in sustaining the
food and income of smallholder farmers (Bilsborrow, 1992).
However, poor farming practices often lead to land degrada-
tion and resource loss (Struik ef al., 2017). SIAP emerges as

a promising strategy for enhancing land productivity amidst
degradation, addressing both food production increase and
environmental challenges associated with land degradation
in the region (UNDP, 2022). SIAP enhances environmental
health (Fischer et al., 2020) and increases economic bene-
fit from the unit of land (Pifeiro et al., 2020). Practices
like agroforestry, crop rotation, soil conservation, organic
farming, integrated soil fertility management (ISFM), wa-
ter harvesting, conservation agriculture (CA), and climate-
smart agriculture are widely recognised for improving land
productivity (Giller et al., 2020; Kuyah et al., 2019; Mwaura
et al., 2021; Olarinde et al., 2012; Wawire et al., 2021;
Wolka et al., 2018). Specific SIAP practices such as ISFM
and CA improve biodiversity, increase soil water infiltra-
tion by over 44 %, reduce runoff by 30 %, and minimize
soil erosion by 33 % (Kihara et al., 2020). Additionally,
SIAP replenishes soil and other natural resources like wa-
ter and air, ensuring sustainable food production systems
and supporting ecosystem maintenance (FAO, 2023). Fur-
thermore, SIAP reduces climatic vulnerability and deserti-
fication. A study spanning from 1999 to 2007 highlights
SIAP’s significant impact on drought reduction (Knutson et
al., 2011), while a survey in southern Africa’s Chi-Nyanja
Triangle demonstrates SIAP’s ability to enhance land pro-
ductivity even under climate change (Makate et al., 2017).
Further studies indicate that implementing SIAP enhances
productivity, supports ecosystem preservation, strengthens
adaptation to climate change, extreme weather, drought,
and flooding, and improves land and soil quality over time
(Sieber et al., 2015). SIAP technologies also reduce reliance
on forest resources, energy, pesticides, and inorganic fertil-
izers while managing greenhouse gas emissions through eco-
friendly methods and nature-based solutions (Ahmadpour,
2016; Milestad et al., 2003; Wang, 2009). Further demon-
strated by Kim et al. (2021), citing three studies, when im-
plementing CA, the emissions of nitrous oxide (N20O) per
unit of crop yield are significantly reduced, ranging from
19 % to 88 % lower compared to conventional practices. Al-
though, studies show that farmers can adapt to environmental
changes using agronomic strategies at the crop, farm, and
landscape levels (Dubey et al., 2020).

Over the next five decades, there will be an increasing
need to address land degradation, particularly soil health,
and to secure land and water resources for food production
(Zdruli et al., 2010). Sustainable agriculture plays a cru-
cial role in enhancing productivity despite land degradation
(Ussiri et al., 2019). However, the synthesis of 47 articles
result on table 4 shows that the adoption rates and yield
impacts of sustainable agricultural practices in SSA vary
widely, ranging from 0.8 % to 68 %, and 3.7 % to 81 %, re-
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Table 2: A comprehensive overview of the identified causes of land degradation in sub-Saharan Africa (SSA), their impacts on agricultural
land, and the extent of affected land as estimated by various scholarly sources.

Identified causes of
land degradation

Impacts on agricultural land and its extent (Estimated affected land in %)
in SSA

Citation

Improper  agricul-
tural practices and
Soil loss by water
and wind, poor land
management,  and
Insufficient use of
organic inputs.

Impacts: Soil acidity & alkalinity toxicity, physical degradation loss of soil
nutrients, loss of topsoil, nutrient depletion, and decreased water-holding
capacity. Decline of soil properties - physio-chemical and biological prop-
erties, increased fertilizer uses and poor agricultural productivity, high
soil erosion, soil fertility deterioration/ organic matter content, high soil
erosion.

Extent: Soil erosion- 46 % by water and 38 % wind erosion, unsustainable
agricultural practices (24 %). - irrigation (4.5 % salinisation of cropland)
and a decline in agricultural productivity of 2—40 %.

(Kirui et al., 2014; Tamene
et al., 2015; Tindwa et al.,
2023; Tully et al., 2015;
Vlek et al., 2010; Zingore et
al., 2015)

Deforestation (Un-
controlled Charcoal,
land cleaning and
wood production )
and Overgrazing,

Impacts: Land degradation, land use/ land cover change, decline in vegeta-
tion cover, salinisation, soil erosion/soil loss and nutrient depletion, drop-
ping in rainfall amount and distribution, deterioration of soil nutrients, loss
of biodiversity, declining vegetative health, loss of habitat, poor agricul-
tural productivity.

Extent: 67 % of land because of deforestation SSA - About 51 % in Tan-
zania, 41 % in Malawi, 23 % in Ethiopia, and 22 % in Kenya, only between
the 1982 and 2006 periods. (16 %) and 24 %,15 %,18 %, and 10 % in light,
moderate, severe, and very severe by severity level, and in some cases
in worse condition and beyond reclamation. 50 % overgrazing of all soil
degradation in semi-arid and arid areas of Africa.

(Bot et al., 2000; Kelatwang
et al., 2006; Vlek et al.,
2008)

Population dens-
ity, expansion and
intensification of
agriculture,  Land
cover change/
Urbanisation/ Infra-
structural expansion

Impacts: Physical surface selling, soil compaction, chemical -nutrient
depletion, dispersion (alkalisation, toxic contaminations & salinisation),
biological- depletion in organic matter, loss of biodiversity, and depletion
of plant, animal, and microbial biomass, relocated rural residents, food in-
security and low nutritional levels, low household incomes, and poverty
low rate of fertilizer use.

Extent: 39.94 % of land in SSA goes through low nutrient capital reserves,
24.94 % al toxicity, 6.70 % calcareous reaction, and 2.21 % alkalinity, re-
spectively.

(Tully ef al., 2015; Vlek et
al., 2010)

Extreme weather  Impacts: Soil erosion and, soil nutrient depletion, stagnant or declining (Nkonya et al., 2008;
(Desertification), agricultural productivity, Unproductive lands, and Reduced plant growth. ~ Obalum er al., 2012)
Topography, and Extent: Between 45 % and 70 % of all land is impacted by desertification,

slope. with approximately 20 % of this being severely degraded agricultural land.

Institutional, Gov- Impacts: Biodiversity loss, soil fertility decline, food insecurity, low in-  (Nkonya et al., 2016)
ernance, and land come, and low adoption of sustainable land management practices.

tenure insecurity

Extent: 28 % of the land and 22 % of people are living/farming on de-
graded land.

Mining

Impacts: Contamination, depletion of soil organic matter, accelerated
erosion, acidification, salinisation and lack of plant nutrients, loss of nu-
trients and soil organic carbon, food and nutritional insecurity, and envir-
onmental degradation. Toxic chemicals and heavy metals leached from
abandoned waste rock and tailings contaminate soil surfaces and ground-
water.

Extent: >25 % of SSA’s productive lands degraded.

(Jones, 2013; Tindwa et al.,
2019; Tindwa et al., 2023)

spectively, depending on the specific approach implemented
and adoption. This variation is largely influenced by the di-
versity of practices implemented, such as agroforestry, con-
servation agriculture, organic farming (Pretty et al., 2011),
soil conservation measures, and water harvesting technol-
ogies. Tailoring these practices to the specific needs, eco-

logical conditions, and socio-economic contexts of each re-
gion is essential for maximizing their effectiveness and en-
suring successful implementation. At first, adoption trends
in SSA are encouraging if they are backed by incentives, em-
pirical sustenance, and information access. A study revealed
that 53 % of the technology adoption is influenced by the
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Table 3: Sustainable agricultural intensification approaches’ role and signs of adoption in SSA, compiled by author and adopted from Pedro

et al. (2020).

Approaches Practices Impacts on land degradation — Countries Signs of adoption and yield im-  Citation
and productivity pact in SSA
Agroforestry Trees on farmland Reduce deforestation (Source of ~ Burkina Faso, Positive (+) (Arslan et al., 2022; Cham-
Scattered trees fuel, fodder, and food products Ethiopia, Benin, e An estimated 1.2 billion indi- shama et al., 2009; Dober-
Alley cropping Reduce overgrazing as a source  Ghana, Niger, viduals rely on it. 5 million ha  mann ef al., 2020; Duguma et
Windbreak and shelterbelts  of animal fodder. Nigeria, Mali, of cropland with a mixed crop- al., 2018; Franzel et al., 2001;
Home gardens Minimize soil erosion- Improve ~ Senegal, ~ South  ping system. Increased livestock Iiyama er al., 2014; Kuyah et
Silvopastoral systems soil cover and groundwater Africa product yields by 68 %. al., 2021; Kuyah et al., 2019;
Multipurpose trees recharge. ® Mean yield impact - 68 to 81 %.  Sheppard et al., 2020; Zerihun,
Plantation-crop combina-  Supplying habitat for associated 2020)
tions species.
Additional income - lower
poverty.
Conservation ~ Minimal tilling (minimum Improve soil organic matter Benin, Bot-  Positive (+) (Assefa et al., 2020; Chin-
agriculture soil disturbance) - improve agronomic perfor- swana, Burkina e Adopted — 0.8 to 1% In 933 seu er al., 2021; Corbeels
(CA) Permanent soil cover mance. Faso, Cameroon, studies from 16 countries, the er al., 2015; Descheemaeker,
Crop rotation and (or inter-  Protect agroecosystems. Cote d’Ivoire, average yields > conventional 2020; Galani et al., 2021; Kim
cropping with legumes) Reduce soil erosion and soil Ethiopia, Eritrea, tillage. et al., 2021; Salustro, 2016;
Mulching with crop  compaction by tillage. Ghana, Leso-  Decrease soil erosion (28-500 %)  Wekesah et al., 2019)
residues Improve family nutrition  tho, Malawi, and runoff (28-50 %).
(legumes to cereal) and income.  Mali, Namibia, Improve soil cover.
Reduce fertilizer cost and Niger, Nigeria, Decrease GHG emissions.
impacts of climate change. Sudan, Tan- e Mean yield impact - 3.7 to
Improve nutrient intake of the zania, Uganda, 37.6%.
plant and enhance food security. ~ Zimbabwe
Organic Biological pest and disease A healthy food production Most SSA coun- Positive (+) (Arslan et al., 2022; Daadi et
farming control system and sustainable soil tries Benin, e Adoption - 11 to 68 % Adoption al., 2021; Giller et al., 2020;
(OM) Crop rotation, mechanical health imply people’s health. Ethiopia, Ghana, rate (13 to 68 % Kuyah et al., 2019; Milestad
weed control Sustainable ecosystems - Re- Kenya, Nigeria, 127-308 % yield for coffee, and et al., 2003; Mwaura et al.,
Leguminous crops (nitro- duce GHG emissions, improved = Mali, Malawi, maize in Ghana & Kenya. 11%  2021; Schader et al., 2021;
gen fixation) ecological processes, biod- and Tanzania, income per capita, 55% reduc- Wei, 2020)
Green manure crops iversity, Boost productivity &  Uganda tion household food gap.
Use of compost/ organic farm income, decrease poverty e Mean yield impact — 8 % and
manure and hunger by 2030( Predic- 78 %.
tion).
A study (Ghana & Kenya)
has shown 292 % increase in
gross margins and over 144 %
higher yields compared to
conventional farms.
Soil con-  Agronomic, vegetative, Reduce runoff velocity and soil ~ Burkina Faso, Positive (+) (Abdulai et al., 2013; Asfaw et
servation structural, and management  erosion and reduce soil loss. Ethiopia, Ghana, e Adoption - 25.4 to 64 %. in- al., 2018; Bashir et al., 2017;
measures measures, like strip crops, Direct impact on crop yields Kenya, Mali, creases total crop yield by 17- Judith, 2011; Kihara et al.,
(SWC) terraces, contour. Soil and  due to the retention of nutrients ~ Niger, West 24 % per household. 22-33 % in-  2020; Olarinde et al., 2012;
stone bunds and moisture and improve soil  Africa come in smallholders. Reduce Reij er al., 2009; Reij et al.,
Planting pits (zai or Tassa) health. runoff by 13 =71 % and soil loss  2010; Stewart et al., 2020;
Bunds, slop barriers, cross-  Normalize water flows. by 39 —-83%. > 86 % of studies Tilahun, 2019; Wolka er al.,
slope farming, vegetable Boost soil biodiversity & green- found increased yield with nutri- ~ 2018)
covers, etc. house gases and influence eco- ents and moisture.
system services positively. o Mean yield impact — 7 to 66 %.
Increasing infiltration (>44).
Water  har- Zai pits (In situ reser- Improve the water-holding Burkina Faso, Positive (+) (Bouma et al., 2012; Critch-
vesting voir water harvesting tech-  capacity of soil. Ethiopia, Kenya, e Adoption — 3 to 67%. 16.5% ley et al., 2013; Gebru et
technologies niques). Overcoming droughts (water  Niger, South  sorghum and 9 % labor -Burkina  al., 2020; Gowin et al., 2013;
(WHT) Securing more rainwater for families, livestock, and  Africa, Sudan, Faso. ISPC, 2019; Karpouzoglou et
and storing it (improving crops will have a greater chance Rwanda, Zimb- 17-106 and 12-30 % in income - al., 2014; Kim et al., 2021;

water accessibility)

Using the available wa-
ter (increasing water pro-
ductivity)

).

Reduce soil loss.

Improved yields and helped a
change to high-value crops.
Recharge groundwater.

Water retention in farmers’
fields improved.

alleviate water stress and enrich
soil fertility.

Enhancing food security and
livelihood.

abwe, Tanzania

Ethiopia.

Ndiva (Tanzania) — increase yield
22 and Food security 70 % and
Zai, grass strips, and bunds in
Burkina Faso - 100-200 % yield
and 70 % organic matter content.
Increase productivity in 74-82 %
Household ponds) Zai pits - 250
and 83 % (sorghum and maize
yield).

e Mean Yield impact — 12 % and
84 % increase in yield, depend on
the SWC type

Muchai et al., 2020; Snelder et
al., 2018)
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lack of empirical support related to information, wealth, so-
cial capital, and land tenure (Arslan et al., 2022). The in-
stitutional arrangement, including access to inputs, finance,
markets, and agricultural value chains to improve farm pro-
ductivity and sustainability has been considered vital for
implementing successful SIAP practices in SSA (Godfray
et al., 2014). This approach involves conducting thorough
site assessments, understanding local farming practices, en-
gaging with communities, and providing targeted technical
support and resources to promote adoption and optimize
yield impacts.

3.3.2 Sustainable agricultural intensification practices:
addressing food insecurity in sub-Saharan Africa

Sustainable agricultural intensification practices are es-
sential for combating land degradation and food insecurity in
SSA, in line with global poverty eradication and ecosystem
preservation goals (Martin et al., 2018). Land degradation,
caused by factors such as soil erosion, nutrient depletion,
and loss of biodiversity, poses a significant threat to food
security. Degraded soils have reduced fertility and water-
holding capacity, leading to lower crop yields and food pro-
duction. Additionally, land degradation can exacerbate food
insecurity by reducing the availability of arable land for cul-
tivation, increasing vulnerability to climate change, and un-
dermining rural livelihoods. SIAP offers a multifaceted ap-
proach to improving land sustainability and enhancing food
security (Smith et al., 2020; Tittonell et al., 2013). Agro-
forestry systems, for instance, promote biodiversity, enhance
soil structure, nutrient content, water retention and soil fer-
tility, and provide a buffer against climate variability (Garrity
et al., 2010). CA complements agroforestry by emphasizing
minimal soil disturbance, cover cropping, and crop rotation
(Gowing et al., 2007), thereby contributing to improved soil
health (Garrity et al., 2010; Pretty et al., 2011). Water har-
vesting technologies further enhance this synergy by captur-
ing and efficiently utilizing rainwater for irrigation, mitigat-
ing water-related soil degradation (Rockstrom et al., 2010).
Concurrently, soil conservation measures, such as terracing
and contour ploughing, prevent erosion and sustain overall
soil integrity (Lal, 2001). Biological control and integrated
plant protection, integral to organic farming, contribute to
pest and disease management, aligning with the principles
of ecological balance (Altieri et al., 2003). Integrated soil
fertility management reinforces these efforts by emphasiz-
ing nutrient cycling and organic matter incorporation, foster-
ing sustained soil fertility (Pimentel et al., 2005). Generally
SIAP, with its focus on efficient resource use, plays a pivotal
role in reducing land degradation by optimizing inputs (Kas-
sam et al., 2011). According to (Pretty et al., 2011), from the

1990s to 2000s SIAP has been implemented in 20 SSA coun-
tries across more than 40 projects. The focus of these pro-
jects and programs were to implement eco-friendly technol-
ogy and land management practices for sustainable intensifi-
cation, promoting environmental conservation and increas-
ing land productivity. The widespread implementation of
SIAP across SSA countries in past decades reflects a grow-
ing recognition of the importance of sustainable agriculture
in achieving food security and environmental sustainability.
The interconnection of these practices within SIAP forms a
holistic and synergistic approach that not only addresses land
degradation but also promotes sustainable ecosystems, safe-
guarding the long-term productivity and health of the land.
Similarly, recent study in Northwestern Ghana showed that
community participation in STAP reduced household access
to food insecurity by 2.95 % (mean) compared to business-
as-usual, with a decreasing amount of 11 % (Yahaya et al.,
2018). These practices, when strategically implemented,
contribute to increased crop yields, subsequently address-
ing food insecurity concerns. Productivity is influenced by
various factors, including the integration of different prac-
tices. Research suggests that the more these practices are
integrated, the greater the potential yield advantage (Pretty
et al., 2011). This integration allows for synergies between
different techniques, leading to improved soil health, nutrient
retention, pest control, and overall crop resilience. The past
success of SIAP initiatives suggests that there is potential
for continued adoption and expansion of these practices in
SSA (Table 4). By interconnecting sustainable agricultural
intensification practices (Fig. 4), SSA can simultaneously
improve land productivity, promote food security, and ad-
vance the region towards a sustainable agricultural future.

Soil and water
conservation

Integrated fertility
management

\
P 4,
=

/N

Conservation
agriculture

Productivity

Low J Sustainable Intensification Agricultural Practices [ High

Fig. 4: SIAP intervention impact on productivity and their inter-
action, the more these practices are integrated, the greater the
potential yield advantage (compiled by the author).
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4 Discussion

4.1 Balancing yield and conservation: Sustainable inten-
sification of agriculture practices as a key solution in
sub-Saharan Africa

The factors contributing to land degradation in SSA are
diverse and interconnected, spanning environmental, socio-
economic, and institutional dimensions. Land degradation,
food security, and the contribution of Sustainable Intensi-
fication of Agricultural Practices (SIAP) to enhancing land
sustainability are all interdependent, which highlights the
complex interaction among agricultural productivity, envir-
onmental well-being, and food availability. Shifting focus
to SIAP in SSA is vital for addressing both land degra-
dation and food insecurity. Agriculture being the primary
source of food and income, improving production systems
is crucial for enhancing food security. SIAP offers practical
methods to boost land productivity despite degradation chal-
lenges, emphasizing innovative and eco-friendly techniques
like agroforestry and organic farming. Practices such as crop
rotation and cover cropping are highlighted for soil fertility
restoration. Sustainable intensification maintains a balanced
approach between productivity and environmental conserva-
tion, providing a practical solution to counteract land degra-
dation. Adoption rates and yield impact data from SSA
countries support the effectiveness of these practices (Bashir
et al., 2017; Gachene et al., 2019). SIAP provides farm-
ers with a promising opportunity to achieve better yields.
The evidence from various reviewed studies emphasizes that
SIAP is highly effective in enhancing soil quality, nutrient
cycling, organic matter, soil carbon sequestration, moisture
retention, temperature regulation, productivity, and nutri-
tional value (Abbadiko et al., 2018). Furthermore, farm-
ers, in general, have gained valuable income and profits by

Low productivity
and increased
biodiversity loss

Land
Degradation

Food insecurity
and poverty

Decrease the value
of land and reduce
profitability

\ Unsustainable

land management

urbanisation,

Balance
agricultural

Overpopulation, Pproductivity and
environmental

industrialisation, ~ conservation
and gatural factors

& Sustainable land
management and

implementing SIAP. The reviewed studies highlight the es-
sential role of sustainable practices in promoting a healthy
society and a better income (Osidoma et al., 2021). Tech-
niques like agroforestry and integrated soil fertility manage-
ment continue to support native vegetation growth, facilitat-
ing natural processes and aiding in quick rebounds from en-
vironmental changes. SIAP not only contributes to healthier
household diets but also ensures more sustainable agricul-
tural productivity (Table 4). The interdependence between
factors of land degradation, food security, and the contribu-
tion of SIAP to improving land sustainability is illustrated in
Fig. 5.

4.2 The concerned view - Factors limiting the contribution
of sustainable intensification of agriculture practices
to addressing land degradation

Despite the promising potential of SIAP in bolstering agri-
cultural sustainability, several obstacles hinder their effect-
iveness in addressing land degradation. Socio-economic bar-
riers, low adoption rates, and inadequate implementation of
SIAP techniques present significant challenges to achieving
sustainable land management. Moreover, contextual vari-
ations in agroecological conditions and a lack of institutional
support further complicate the success of STAP across differ-
ent regions. The literature point out the crucial role of robust
policy frameworks in addressing declining agricultural pro-
duction, natural resource depletion, and inappropriate land
use in SSA. However, policymakers often overlook the im-
portance of preserving land and soil health, which limits the
conversion of native ecosystems to agricultural land. There
is a pressing need for more studies and reliable data for ac-
curate land degradation assessment, with a call for policy
frameworks to support the contributions of land policy de-
signers. Additionally, large-scale land degradation assess-

Contributes to q Food

healthier household
diets and income

? Sustainable

security

Agricultural
Intensification

Improve soil
health and
enhance land
productivity

7

productivity

Fig. 5: The interdependence between factors of land degradation, food security, and the contribution of SIAP to improving land
sustainability, where darker colour indicates the negative impact and lighter colour the positive. (compiled by author).
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ment is deemed inaccurate due to several complex factors
(Kopittke ef al., 2019; Mengist et al., 2020; Ziadat et al.,
2021). The myriad challenges, including socio-economic
barriers, low adoption rates, implementation gaps, contex-
tual variations, insufficient institutional support, technolo-
gical and educational gaps, market dynamics, and environ-
mental variability, collectively underscore the complexity of
promoting successful SIAP implementation in SSA. Con-
tinuous support for scaling up SIAP principles and practices
(Mulale et al., 2014), along with the creation of an enabling
environment through well-designed policies and strategies,
holds promise for sustainable land conservation in the region
(Gomiero, 2016).

5 Conclusions

Failure to recognize the impacts of unsustainable natural
resource management and land degradation without adher-
ing to sustainability principles could have immediate reper-
cussions on SSA agricultural production and ecosystem ser-
vices. Therefore, it’s imperative to take sustainable action
to safeguard land and ensure an adequate food supply for
the rapidly expanding population in SSA. This entails recog-
nizing the consequences of land degradation, sharing know-
ledge and information with smallholder farmers, and imple-
menting effective measures to tackle the issue. Addition-
ally, tailoring SIAP is crucial to ensure their efficacy and
applicability in diverse socio-economic and ecological con-
texts. This customisation enables the adaptation of agricul-
tural techniques to specific local conditions, including soil
types, climate patterns, and resource availability. By tail-
oring SIAP practices, stakeholders can effectively address
the unique challenges and opportunities present in each re-
gion, thereby maximizing their positive impact on agricul-
tural productivity, environmental sustainability, and food se-
curity. This review emphasizes the potential of SIAP in mit-
igating and reversing land degradation within the context of
SSA.

6 A way forward

A comprehensive approach is needed to address the com-
plex challenges of land degradation and food insecurity
in SSA. This approach should encompass policy support
and institutional strengthening to promote sustainable land
management practices, coupled with capacity building and
awareness initiatives to educate farmers about the benefits
of adopting SIAP. Providing financial and technical support
can help overcome barriers to SIAP adoption, while improv-
ing market access and value chain development can create

economic opportunities for smallholder farmers. Research
and innovation are essential for developing context-specific
SIAP techniques that address the unique challenges faced in
the region. By implementing these strategies in a coordin-
ated manner, stakeholders can work towards overcoming the
barriers to SIAP adoption and promoting sustainable land
management practices, ultimately contributing to food se-
curity, environmental conservation, and rural livelihood im-
provement.
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