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ABS TRACT  

Climate change threatens agricultural sustainability in Nigeria’s Sahelian savanna, where rain-fed 

smallholder production depends on variable seasonal rainfall and on sandy soils with low organic matter 

and limited nutrient retention. This critical narrative review synthesises published evidence on climate 

effects on soil health, crop development, yield and nutritional quality, and appraises adaptation and 

mitigation options, distinguishing evidence from West Africa and the Sahel from evidence transferred from 

other regions. West African syntheses indicate predominantly negative yield effects, with a median change 

of about −11% and a larger median loss (−18%) in Sudano-Sahelian countries, driven mainly by warming; 

simulations for sorghum and millet suggest that warming above 2 °C cannot be offset by any rainfall change. 

Mechanistic evidence, largely from other regions, indicates that warming and rainfall variability alter soil 

moisture, organic-carbon dynamics, erosion and nutrient cycling, and that heat and water stress can impair 

crop development and grain filling. Elevated atmospheric CO₂ may improve some aspects of plant water-use 

efficiency but does not remove heat, drought or nutrient limitations, and may reduce protein and 

micronutrient concentrations in some cereals. Adaptation options (adjusted planting dates, locally adapted 

and stress-tolerant varieties, soil-cover and organic-matter management, fertiliser microdosing combined 

with water conservation, and improved climate information, extension and credit) are supported mainly by 

modelling and survey evidence rather than by controlled local trials. Few field studies in Nigeria’s Sahelian 

savanna jointly measure climate, soil, yield, quality and cost outcomes. We identify priority research needs 

and propose an evidence-tiered framework for adaptation planning. 

Keywords: Climate change; Crop adaptation; Sahelian savanna; Nigeria; West Africa; Soil health; 

Smallholder agriculture 
 

HIG H L IG HTS  

• Evidence on climate impacts is tiered by geographic relevance to Nigeria’s Sahelian savanna. 

• West African syntheses show mainly negative yield effects, largest in Sudano-Sahelian zones. 

• Soil organic matter, water and nutrient dynamics mediate climate effects on crops. 

• Adaptation options rest mainly on modelling and surveys rather than local field trials. 

• Priority needs are integrated field-trial networks that include quality and cost outcomes. 
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Introduction 
Climate change is increasingly a constraint on agricultural production, because crops and 
agricultural systems are sensitive to changes in temperature, rainfall, timing and extreme 
events. These pressures are compounded by rising food demand and the need to sustain 
agricultural livelihoods. Climate variability and extremes can interfere with planting, 
emergence, flowering, grain filling and harvesting, with implications for productivity and food 
security (Dell et al., 2014; FAO, 2016; Basso et al., 2015; Yuan et al., 2024a). Climate change 
may be caused by natural or anthropogenic factors, as illustrated in Figure 1. 

 
Figure 1. Natural and anthropogenic drivers of climate change. 

West Africa is considered particularly vulnerable to climate change because of high climate 
variability, heavy reliance on rain-fed agriculture, and limited economic and institutional 
capacity to respond (Sultan and Gaetani, 2016). A synthesis of future crop-yield studies for 
the region points to predominantly negative effects, driven mainly by projected warming, with 
larger median losses in the Sudano-Sahelian countries than in the Guinean zone (Roudier et 
al., 2011). The extent and direction of impacts nevertheless depend on crop, growth stage, 
soil characteristics, local climate and management, and climate change is expected to alter 
the distribution and intensity of rainfall and to increase the risk of heat, drought and floods 
(IPCC, 2013; Tan et al., 2021). Because climate, soil and management interact, process-
based crop models are widely used to explore productivity outcomes, although their 
projections depend on how the models are initialised and evaluated (Basso et al., 2015). 

In the Sahel, rainfall trends and their causes have been widely examined (Biasutti, 2019). 
West Africa is currently experiencing widespread warming, a recovery of monsoonal 
precipitation and more frequent climate extremes, but projections of summer rainfall remain 
highly uncertain even where the evidence for yield loss is robust (Sultan and Gaetani, 2016). 
Surveys in the Nigerian savanna show that smallholders have noticed changes in climate and 
adjusted their farming practices, but that limited information on climate change and suitable 
adaptation measures, and lack of credit, constrain adaptation (Tambo and Abdoulaye, 2013). 

Quantitative evidence on how climate change affects soil health, crop development, yield 
and nutritional quality specifically in Nigeria’s Sahelian savanna nevertheless remains 
fragmented. Much of the mechanistic evidence originates in temperate or other regions, and 
modelling projections cannot be equated with direct measurements of local conditions. This 
review therefore (i) synthesises evidence on climate-related effects on soils, crop 
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development, yield and quality, and on adaptation and mitigation options; (ii) distinguishes 
evidence from the Sahel and West Africa from evidence transferred from elsewhere; and (iii) 
identifies the evidence gaps that most constrain agricultural planning in Nigeria. The 
conceptual framework that organises the review is shown in Figure 2. 

Review methodology 

Review design and scope 
This paper is a critical narrative review. It addresses three questions: (1) what evidence links 
climate change to soil health, crop development, yield and quality in the Sahelian savanna; 
(2) how directly this evidence applies to Nigeria’s Sahelian savanna; and (3) which adaptation 
and mitigation options are supported, and under what constraints. The literature was 
organised into five themes: (i) environmental and agricultural characteristics of the Sahelian 
region; (ii) climate-related changes in soil physical, chemical and biological properties; (iii) 
effects on crop development and productivity; (iv) effects on crop quality; and (v) adaptation 
and mitigation options. Findings were compared thematically to identify recurring 
mechanisms, areas of agreement and disagreement, and implications for farming systems 
in Nigeria’s Sahelian savanna. 

Literature identification 
Sources were identified through searches of Scopus, Web of Science and Google Scholar 
using combinations of terms related to climate change, the Sahel, West Africa and Nigeria, 
soil health, crop development, yield, nutritional quality, adaptation and mitigation. The cited 
sources were published between 2001 and 2025. The searches were complemented by 
backward citation tracking and by targeted searches for studies from Nigeria, the Sahel and 
West Africa. Peer-reviewed journal articles, book chapters and institutional reports 
published in English were considered, and a source was retained when it addressed climate 
effects on soils or crops, or farming-system adaptation and mitigation, within one of the five 
themes above. The evidence base comprises 59 sources. Because no systematic protocol 
was applied, the review does not claim exhaustive coverage, and the possibility of selection 
bias is acknowledged in Section 5. 

Evidence classification and reporting conventions 
Each source was classified by geographic relevance and by study type (Table 1). Tier A 
comprises studies conducted in Nigeria, the Sahel or West Africa; Tier B comprises global or 
multi-regional syntheses and model ensembles that include low-latitude regions; and Tier C 
comprises studies from other regions that are used mainly to illustrate mechanisms. Study 
types were recorded as field or household surveys, field experiments, meta-analyses, 
process-based or statistical modelling, and reviews. Quantitative results are reported as 
stated in the original sources, together with the region, scenario and method; modelled 
projections are not presented as observed losses. 
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Table 1. Evidence tiers, study types and representative sources used in this review. 

Source Region and crop(s) Study type Tier Used for 

Sultan et al. (2013) 
Sudanian–Sahelian 
West Africa; sorghum, 
millet 

Process-based crop-model 
simulations at 35 stations 

A 
Yield sensitivity to temperature 
and rainfall; cultivar resilience 

Roudier et al. (2011) 
West Africa; multiple 
crops 

Meta-analysis of 16 studies A 
Overall yield change; north–south 
contrast 

Sultan and Gaetani (2016) West Africa Review A 
Climate trends; adaptation through 
crop-model studies 

Biasutti (2019) African Sahel Review of rainfall trends A Rainfall variability and causes 

Pierre et al. (2017) Sahelian croplands 
Wind-erosion and 
management study 

A Erosion pathway in Sahelian soils 

Tambo and Abdoulaye 
(2013) 

Nigerian savanna 
Household survey (200 
households) 

A 
Farmer perceptions, adaptation 
and constraints 

Sissoko and Lebailly (2019) 
Sahelian and Sudano-
Sahelian Mali; millet, 
sorghum 

Producer survey (108 
producers) 

A 
Microdosing and yield 
determinants 

Rezaei et al. (2023); Zhu et 
al. (2022); Jägermeyr et al. 
(2021); Lesk et al. (2022) 

Global, multiple crops 
Global syntheses and 
model-based analyses 

B 
Yield risks at low latitudes; 
compound extremes 

Ma et al. (2024) Wheat field, China 
Long-term warming 
experiment 

C Soil organic carbon and structure 

Shen et al. (2022); Aguilera 
et al. (2013) 

China croplands; 
Mediterranean 
cropping systems 

Meta-analyses C 
Soil nutrients; soil-carbon 
management 

Zhu et al. (2018); Asseng et 
al. (2019); Zhang et al. 
(2023) 

Rice; wheat 
Elevated-CO₂ analysis; 
process-based simulation 

C Grain protein and micronutrients 

Han et al. (2023); Xu et al. 
(2024) 

China; wheat and other 
crops 

Regional impact analyses C 
Regional variability of yield 
impacts 

 
Figure 2. Conceptual framework linking climate drivers, soil pathways, crop responses and livelihood outcomes, with 
adaptation and mitigation levers. 
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Environmental and agricultural characteristics of the 
Sahelian region 
The Sahel is a semi-arid transition zone along the southern margin of the Sahara that spans 
several countries. Its agricultural environment is characterised by high temperatures, limited 
and variable rainfall, and substantial seasonal water stress (Biasutti, 2019; Pierre et al., 
2017). These conditions constrain crop establishment and make production sensitive to the 
timing of rainfall, not simply its seasonal total. Agriculture in West Africa is predominantly 
rain-fed, and fertiliser and other inputs remain limited in much of the region (Sultan and 
Gaetani, 2016). Crop production and livestock keeping are both important livelihood 
activities, although their relative importance varies among communities. 

Many Sahelian soils are sandy and contain relatively little organic matter, which can limit 
water retention, nutrient storage and soil structural stability (Pierre et al., 2017). Loss of 
organic matter through land clearing and continuous cultivation can further reduce soil 
productivity, particularly where nutrient replenishment is inadequate (Radulov and 
Berbecea, 2023). These constraints interact with rainfall variability: low water-holding 
capacity can intensify drought stress, while intense rainfall may increase runoff and erosion. 
Sorghum and millet, two staple crops of the Sudanian and Sahelian savannas (Sultan et al., 
2013), are important cereals because of their relative adaptation to dry conditions; cowpea 
contributes food and, through biological nitrogen fixation, can support nutrient cycling. 
Maize is also cultivated, but its performance depends strongly on local water availability and 
management. 

The crops grown in the Sahel are not equally tolerant of heat, drought or poor soil fertility. 
Consequently, adaptation should not rely on a single crop or variety across all locations. 

Results and discussion 

Climate change and soil health 
The reviewed literature indicates that climate change can affect soil health through 
interacting physical, chemical and biological pathways. Warming may accelerate organic-
matter decomposition where moisture and substrate conditions permit (Rustad et al., 2001; 
Wan et al., 2005), while drought can suppress plant growth and reduce the return of crop 
residues to the soil. A long-term warming experiment in wheat fields in China reported a 
10.6% reduction in soil organic carbon (SOC) together with changes in soil physical structure 
(Ma et al., 2024), and soil compaction can further impair soil health and crop productivity 
(Shah et al., 2017). Reduced SOC can weaken aggregate stability, water retention and 
nutrient supply, increasing the vulnerability of crops to dry spells (Mehra et al., 2018). 

Rainfall changes can also influence soil physical condition and erosion. Intense rainfall may 
increase runoff and remove nutrient-rich topsoil, whereas prolonged dry periods reduce soil 
moisture and constrain microbial activity and nutrient transport; the resulting changes affect 
soil structure, plant-available water and nutrient cycling (Furtak and Wolińska, 2023; Mandal 
and Roy, 2024; Yuan et al., 2024b). In Sahelian croplands, wind erosion is an additional 



JIJEES | Vol. 1, Issue 1 (2026) Azare et al. 

© 2026 https://jijees.fud.edu.ng Page 41 

pathway and is influenced by agropastoral management (Pierre et al., 2017). Leaving soil 
bare or repeatedly disturbing it can intensify these losses; maintaining soil cover and 
reducing unnecessary disturbance are therefore relevant management responses. The 
balance of risks varies with slope, soil texture, vegetation cover and rainfall intensity, so 
recommendations should be tailored to local conditions. 

Climate-related changes in soil chemistry may include shifts in nutrient availability, pH and 
salinity, but the direction and magnitude depend on the soil and on the interaction between 
climate and management (Radulov and Berbecea, 2023; Oishy et al., 2025; Shokri et al., 
2024). Higher temperatures and altered soil moisture can change decomposition and 
mineralisation, while heavy rainfall may leach mobile nutrients such as nitrate, potassium, 
calcium and magnesium (Pareek, 2017; Yao et al., 2021). Drought, in contrast, can restrict 
nutrient movement to roots and reduce uptake even when nutrients remain present in the 
soil. Where soils become acidic, for example through nitrogen-fertiliser use, aluminium 
phytotoxicity can further limit crop performance (Molin et al., 2020; Rahman et al., 2023). Soil 
fertility problems therefore cannot be attributed to climate alone; fertiliser practices, residue 
removal, cultivation intensity and initial soil properties are also important. 

Elevated atmospheric CO₂ can stimulate photosynthesis and plant growth in some crops 
(Kimball et al., 2002), potentially increasing biomass inputs and changing soil carbon and 
nutrient cycling (Dijkstra et al., 2010). However, these responses are conditional on water, 
nutrient availability and crop type (Reddy et al., 2004). A meta-analysis of croplands across 
China reported increases in available potassium and total nitrogen under some global-
change factors, alongside decreases in some soil nutrient pools associated with greater 
plant uptake (Shen et al., 2022). 

Soil moisture is central to nutrient availability. Dry conditions can reduce the movement of 
soluble nutrients toward roots and limit diffusion of less mobile nutrients such as 
phosphorus and zinc, while excessive rainfall can promote leaching of mobile nutrients 
(Mehra et al., 2018; Pareek, 2017; Yao et al., 2021; Djodjic et al., 2023). Nutrient uptake can 
therefore decline during drought even when soil tests indicate that some nutrients are 
present. Climate and management can also affect nitrogen transformations, including 
nitrification and denitrification, which influence nitrogen availability and nitrous oxide 
emissions (Hui et al., 2024; Plett et al., 2020). Efficient nutrient management should 
consequently match fertiliser type, rate and timing to crop demand and rainfall conditions. 

Flooding and drought can alter soil microbial communities and soil functioning, while 
warming and dry conditions may reduce soil multifunctionality (Furtak and Wolińska, 2023; 
Sünnemann et al., 2023); even in dryland ecosystems, the timing and amount of precipitation 
influence soil microbial communities (Xiao et al., 2023). These effects are not uniform: soil 
texture, vegetation, organic-matter content and land management can modify the response. 

Overall, soil health provides an important link between climate stress and crop performance 
(Bonfante et al., 2019). Practices that maintain organic matter, reduce erosion and improve 
infiltration can help buffer rainfall variability, but they cannot fully offset severe heat or 
prolonged drought. Most of the mechanistic evidence in this subsection derives from 
temperate, Mediterranean or Asian settings (Table 1); direct measurements of these soil 
processes under Nigerian Sahelian conditions are scarce in the sources reviewed. Future 
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assessments should examine multiple soil functions together, including organic carbon, 
aggregate stability, infiltration, nutrient availability and biological activity. 

Effects on crop development and agricultural productivity 
Crop development in the Sahel is governed by the interplay of temperature, photoperiod and 
the timing of rainfall. Process-based simulations for West Africa indicate that the response is 
cultivar-specific: photoperiod-sensitive traditional sorghum and millet cultivars were 
simulated to be more resilient to future climate than modern high-yielding cultivars (yield 
changes of −28% versus −40% under a +4 °C and −20% rainfall scenario), although modern 
cultivars would still yield more under optimal fertility conditions (Sultan et al., 2013). 
Compound heat and moisture extremes during sensitive stages such as flowering and grain 
filling can intensify losses beyond those caused by either stress alone (Lesk et al., 2022), and 
global analyses indicate that warming can reduce cropping frequency as well as yield (Zhu et 
al., 2022). 

The response is crop- and location-specific: a shorter season may sometimes allow earlier 
maturity, but it can also expose sensitive stages such as flowering to heat or water stress. 
Planting-date adjustment and variety selection should therefore be based on local seasonal 
patterns and crop duration, an approach that has been evaluated mainly through crop-model 
studies for West Africa (Sultan and Gaetani, 2016). 

Effects on crop yield 
A synthesis of 16 studies of future crop yields in West Africa reported a median yield change 
of about −11%, with very wide dispersion (−50% to +90%), a larger median loss in Sudano-
Sahelian countries (−18%) than in Guinean countries (−13%), and a negative signal driven 
mainly by warming rather than rainfall change; the carbon-fertilisation effect was identified 
as pivotal to the sign and amplitude of change (Roudier et al., 2011). Simulations of sorghum 
and millet at 35 West African stations found negative impacts in 31 of 35 climate scenarios, 
up to −41% for +6 °C and −20% rainfall; when warming exceeded 2 °C, no rainfall change 
could offset the temperature effect, and Sahelian yields were more sensitive to rainfall 
change whereas Sudanian yields were more sensitive to temperature (Sultan et al., 2013). 
Despite diverging rainfall projections, robust evidence of yield loss emerges for West Africa 
(Sultan and Gaetani, 2016). 

The wider literature identifies heat stress, water limitation and changes in rainfall distribution 
as major pathways through which climate change can reduce crop yield (Lobell and Field, 
2007). Higher temperatures can increase evaporative demand, accelerate crop development 
and intensify soil-water deficits. When heat and drought occur together, their combined 
effects may be greater than either stress alone (Lesk et al., 2022; Jägermeyr et al., 2021). 
Estimates of temperature effects on yield can also be sensitive to which co-occurring 
stressors, such as ozone, are included in the analysis (Liu et al., 2025). Global modelling 
studies indicate that low-latitude regions may face greater yield risks than some cooler 
regions, although outcomes vary by crop, climate scenario and management (Zhu et al., 
2022; Rezaei et al., 2023; Han et al., 2023; Xu et al., 2024). The 7–23% yield-loss range cited 
by Rezaei et al. (2023) is a modelled range under severe scenarios without adaptation; it 
should not be presented as an observed yield loss for Nigeria. 
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These findings suggest that crop productivity is determined by the interaction of climatic 
exposure, crop sensitivity and farmers’ capacity to adapt (Nelson et al., 2014). Irrigation and 
improved nutrient management can reduce some production risks, but irrigation is 
constrained by water availability, infrastructure and cost (Ahmad et al., 2023). For 
predominantly rain-fed smallholders, measures such as timely planting, short-duration or 
stress-tolerant varieties, diversified cropping, soil-moisture conservation and locally 
appropriate fertiliser use may be more accessible. For the Nigerian Sahel, local yield records 
linked to rainfall, temperature, soil and management are still needed to move from modelled 
projections to observed impacts. 

Effects on crop quality and nutritional value 
Climate change may affect not only the quantity of harvested crops but also their nutritional 
composition and processing quality. Elevated CO₂ and higher temperatures have been 
associated in some studies with changes in protein and micronutrient concentrations, 
although the magnitude varies among crops, varieties and growing conditions (Asseng et al., 
2019; Zhu et al., 2018). Experiments on rice indicate potential reductions in protein, iron, zinc 
and some B vitamins under elevated CO₂ (Zhu et al., 2018), and cotton studies show that CO₂ 
effects on fibre quality interact with nitrogen nutrition (Reddy et al., 2004). These results warn 
of possible nutritional consequences, but wheat, rice and cotton are not the principal 
Sahelian crops, and the sources reviewed contain little direct evidence for millet, sorghum 
or cowpea. Crop-quality assessments in the Sahel should therefore measure both yield and 
relevant nutritional traits under realistic combinations of heat, water stress and soil fertility. 

Variation among crop varieties also matters: different genotypes can respond differently to 
heat, drought and elevated CO₂, including in grain protein and starch-related traits (Zhang et 
al., 2023; Shamim et al., 2024). Breeding and selection programmes should therefore 
consider yield stability and nutritional quality together. This is especially important where 
households depend on locally produced cereals and legumes for both food and income. 

Adaptation and mitigation options for the Nigerian Sahel 
Adaptation aims to reduce harm from current and expected climate impacts, whereas 
mitigation aims to reduce greenhouse-gas emissions or increase carbon storage (Denton et 
al., 2014); adaptation planning in other sectors illustrates the value of explicit risk 
assessment and monitoring (Rosenzweig et al., 2007). Table 2 summarises the options 
discussed in the literature, the evidence supporting them and the constraints on their use by 
smallholders in the Sahelian savanna. 
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Table 2. Adaptation and mitigation options, supporting evidence and constraints for smallholders in the Sahelian savanna. 

Option Main mechanism Evidence in sources reviewed Key constraints 
Evidence 
strength 

Planting dates 
matched to rainfall 
onset 

Aligns sensitive stages 
with water availability 

Crop-model adaptation studies for 
West Africa (Sultan and Gaetani, 
2016) 

Needs reliable onset 
information; within-
season variability 

Moderate 
(modelling) 

Locally adapted and 
stress-tolerant 
varieties 

Phenology matched to 
season; tolerance of 
heat and drought 

Simulations: traditional photoperiod-
sensitive cultivars more resilient, but 
modern cultivars higher-yielding 
under optimal fertility (Sultan et al., 
2013) 

Seed availability; trade-
off between yield 
potential and resilience 

Moderate 
(modelling) 

Fertiliser microdosing 
with soil and water 
conservation 

Targets nutrients at the 
root zone; conserves 
water 

Positive, significant association with 
millet and sorghum yield in Mali 
(Sissoko and Lebailly, 2019) 

Fertiliser access and 
cost; labour; associative 
evidence 

Moderate 
(survey, 
Mali) 

Soil cover, residue 
retention, reduced 
disturbance, cover 
crops 

Reduces evaporation 
and erosion; supports 
organic carbon 

Reviews of soil health and carbon 
storage (Lal, 2019; Radulov and 
Berbecea, 2023; Țopa et al., 2025) 

Competing livestock-
feed use of residues; 
labour 

Low–
moderate 
(reviews, 
mostly non-
Sahel) 

Legume rotations, 
intercropping and 
green manure 

Biological nitrogen 
fixation; diversification 

General soil-health reviews (Radulov 
and Berbecea, 2023; Țopa et al., 
2025) 

Land and labour; 
market access for 
legumes 

Low–
moderate 
(reviews) 

Biochar and organic 
amendments 

Repair of soil–plant 
system after extreme 
weather 

Perspective article (Kumar et al., 
2022) 

Feedstock, cost and 
logistics 

Low 
(perspective
) 

Irrigation and water 
harvesting 

Buffers water deficit in 
sensitive growth phases 

Shifts in irrigation demand and 
supply in South Asia (Ahmad et al., 
2023) 

Water availability, 
infrastructure and cost 

Low for the 
Sahel 

Climate information, 
extension and credit 

Enables adoption and 
timely decisions 

Farmer surveys (Tambo and 
Abdoulaye, 2013; Waibel et al., 2018) 

Information gaps; credit 
access; institutional 
capacity 

Moderate 
(surveys) 

Options should be combined according to local conditions (Xu et al., 2024). For example, 
mulching and residue retention can reduce evaporation and protect the soil surface, while 
rotations that include legumes can diversify production and support nitrogen cycling; their 
feasibility depends on residue availability, competing livestock-feed needs, labour and input 
costs. Fertiliser microdosing is a notable example of a practice developed for Sahelian 
conditions: a survey of 108 producers in the Sahelian and Sudano-Sahelian regions of Mali 
found that microdosing, improved varieties, organic manure and soil and water conservation 
techniques were positively and significantly associated with millet and sorghum yields 
(Sissoko and Lebailly, 2019). The evidence is associative, however, and comparable 
replicated trials in Nigeria’s Sahelian savanna were not identified in the sources reviewed. 

Conservation-oriented practices, including reduced soil disturbance, maintaining ground 
cover, using cover crops where feasible, incorporating green manures or legumes, and 
preventing deforestation, can contribute to soil protection and carbon storage (Lal, 2019; 
Radulov and Berbecea, 2023; Țopa et al., 2025). Soil-carbon management has been shown 
to offer both mitigation and adaptation benefits in Mediterranean cropping systems (Aguilera 
et al., 2013), although transferability to Sahelian soils is uncertain. Biochar has also been 
proposed as a way to repair damage to the soil–plant system caused by climate-driven 
extreme weather (Kumar et al., 2022). Mitigation benefits should not be assumed to occur 
automatically: they depend on implementation, duration, and local soil and climate 
conditions. Likewise, irrigation can help where sustainable water supplies and suitable 
infrastructure exist, but it is not a universal solution in water-limited environments. 
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Enabling conditions are as important as the technologies themselves. Extension services, 
access to climate information, seed availability, credit and farmer participation influence 
adoption (Tambo and Abdoulaye, 2013; Waibel et al., 2018). Integrated pest management is 
often proposed as part of adaptation packages, but the sources reviewed here provide no 
Sahel-specific evidence on it, and it is therefore not assessed. Overall, the strategies 
identified in the literature are not yet supported by comparative local measurements of 
effectiveness or cost; these remain priorities for applied research. 

Research gaps and implications 

Priority evidence needs 
A central limitation of the literature synthesised here is the uneven availability of evidence 
specific to Nigeria’s Sahelian savanna. Several quantitative findings come from experiments, 
models or regions outside West Africa and therefore establish plausible mechanisms rather 
than direct local estimates. Six priorities emerge: 

1. Long-term observational datasets that combine weather records with farm-level crop 
yields, soil measurements and documented management practices. 

2. Participatory, multi-location trials comparing planting dates, varieties, residue 
management, legume rotations and nutrient strategies (including microdosing) across 
soil types and rainfall gradients. 

3. Measurements of soil-health indicators under Sahelian conditions, including organic 
carbon, aggregate stability, infiltration, nutrient availability and biological activity. 

4. Assessment of the nutritional quality of millet, sorghum and cowpea under heat, water 
stress and elevated CO₂, rather than reliance on evidence from wheat, rice or cotton. 

5. Evaluations that report yield stability, labour requirements, costs and farmer 
acceptability alongside agronomic performance. 

6. Integration of local climate projections and farmer knowledge into adaptation planning, 
so that modelled impacts are tested against observed conditions. 

Such evidence would help policymakers and extension agencies prioritise options that are 
both agronomically effective and feasible for smallholder farmers. 

Limitations of this review 
This review is narrative rather than systematic, and the selection of sources may therefore be 
incomplete or biased towards English-language, open-access and recent publications. 
Evidence from the Nigerian Sahel is thin, so conclusions about this specific region rely on 
evidence from West Africa and from other regions with different soils, crops and 
management systems. Quantitative values are model- or scenario-dependent and should 
not be interpreted as forecasts for individual farms. 
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Conclusions 
The literature reviewed indicates that climate change threatens the sustainability of crop 
production in the Sahelian savanna through interacting effects on soil moisture, organic 
matter, erosion, nutrient cycling, crop development, yield and nutritional quality. West 
African syntheses point to predominantly negative yield effects, largest in the Sudano-
Sahelian zone, while mechanistic evidence on soils and crop quality comes mainly from 
other regions. Heat and rainfall variability can shorten effective crop-growth periods and 
intensify water stress, and soil degradation can reduce the capacity of farming systems to 
withstand climatic shocks. Elevated CO₂ may benefit some plant processes under particular 
conditions, but it does not remove the constraints imposed by heat, water scarcity and 
nutrient limitations. 

A practical response for Nigeria should integrate locally appropriate planting dates and crop 
varieties with soil-cover and organic-matter management, balanced nutrient application 
(including microdosing where suitable) and water conservation, supported by climate 
information, extension services, credit and farmer participation. Because much of the 
quantitative evidence comes from outside the Nigerian Sahel, region-specific field studies 
are required. Transparent evaluations of the costs and outcomes of adaptation options are 
essential for turning general recommendations into reliable policy and farm-level guidance. 
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