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Highlights box 

• Agrobiodiversity is an asset for resilience and 
sustainability at different scales (species and intra-
specific). 

• Crop wild relatives and landraces extend the gene pool, 
providing a functional reservoir of genetic diversity. 

• Approaches and methodologies in population genetics 
can help identify interesting diversity. 

• Tapping genetic diversity toward the creation of large 
populations for breeding schemes is essential in breeding 
strategies. 

• Agrobiodiversity management and use are central under 
erratic environments. 
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Abstract 

Agrobiodiversity, encompassing crop diversity and the biodiversity that 
supports agricultural system functioning, plays a major role in agriculture 
in the context of climate change. This is all the more true in regions like 
West Africa, where population growth is strong and economic resources 
are limited. Global models predict average yield loss for major crops of 11% 
in West Africa by the 2050s. Moreover, climate niches of African crops are 
expected to shift significantly, reinforcing the need to adapt agricultural 
diversity and practices. A better use of agrobiodiversity, relying on improved 
understanding and knowledge of its characteristics, would support greater 
adaptation and resilience of African agrosystems and food security. 
Agrobiodiversity, from gene to landscape, is key to achieving food security 
in the face of the erratic effects of climate change. This chapter highlights 
novel strategies for agrobiodiversity management and use, while building 
sustainable and resilient agrosystems for the future of West Africa. 

Keywords: Agrobiodiversity, agrosystems, crop wild relatives, resilience, 
climate change, food security 

Introduction 

Agriculture in West Africa, which relies primarily on rainfall, is highly 
vulnerable to climatic events that are particularly extreme and erratic under 
the influence of the African monsoon. The Sahel and West Africa are 
considered today as “climate change hotspots” (Intergovernmental Panel 
on Climate Change, p 1209, 2014). Data indicate long-term changes in the 
seasonality of rainfall (Nicholson et al., 2018) and increased variability in 
precipitation (Cornforth et al., 2019). Deep changes are expected in climate 
suitability, leading to geographic or temporal redistribution of cultivated 
species (Egbebiyi et al., 2020; Pironon et al., 2019). 

Considering the high spatiotemporal variability of West Africa, it is essential 
to focus not only on agrosystems’ productivity but also on agrosystems’ 
resilience and sustainability. The concept of resilience, embedding 
ecological and social-ecological definitions, refers to the capacity of 
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agrosystems to buffer, resist, adapt, or transform to continue feeding the 
population (Berkes, 2008; Holling, 1973; Walker et al., 2004). 

Decades of research in empirical and theoretical ecology have shown that 
biodiversity, in a broad sense, drives systems resilience. Regarding 
agrosystems, biodiversity is key to establishing resilient and sustainable food 
production and improving livelihood (Félix et al., 2018; Lin, 2011). Crop 
intraspecific diversification or change in the crop portfolio is often the first 
adjustment chosen by smallholder farmers facing climate change impacts 
(Fahad & Wang, 2018; Kassie et al., 2013; Shinbrot et al., 2019). However, the 
nature of crop diversity changes is essential: In a recent review, Labeyrie 
et al. (2021) showed that farmers’ decisions in response to ongoing climatic 
events may not be adapted to long-term climate predictions. More research 
is needed to make the best possible use of biodiversity in agrosystems. 

Until now, the valorization of diversity was based on a vision in which the 
environment was relatively controlled and stable, which made it possible 
to respond to each constraint by optimizing a few genes within varieties 
for a single objective. The plurality of values (socio-agro-ecological) and the 
plurality of environments due to their uncertainties, force researchers and 
farmers to think of biodiversity as an integrated response of agrosystems 
and not as a reservoir of solutions. To do this, it is important to consider 
diversity not as a static element of ecosystems but to understand its 
dynamics from genes to species, functions and ecosystems, and spatial and 
temporal scales. 

This chapter explores why and how biodiversity in agrosystems (i.e., 
agrobiodiversity) can participate in resilience and sustainability in West 
Africa. First, researchers present the role of agrobiodiversity at the 
agrosystems’ scale and explain how it can help improve yield and stability. 
Second, researchers underline the importance of understanding the 
dynamics of diversity at its finest scale to make a better use of 
agrobiodiversity to face environmental constraints. Finally, researchers 
highlight that agrobiodiversity management and use is central to building 
sustainable and resilient agrosystems for the future of West Africa. 
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The Role of Agrobiodiversity in Agrosystems 

1. How Does It Work? 

Agrobiodiversity includes domesticated plants and animals, wild fauna, flora, 
and microbiota, as well as people’s knowledge that supports food production 
and agriculture (Qualset et al., 1995). It is a pillar of agroecology, ecological 
engineering, or “nature-based solution,” frameworks that all seek to promote 
and pilot ecological processes to produce food in a sustainable and resilient 
way. 

The impact of biodiversity on ecosystem services was first studied in natural 
ecosystems (Gross et al., 2014; Isbell et al., 2015, Tilman & Downing, 1994). 
Different mechanisms have been identified and have been proven to function 
in agroecosystems: the insurance effect, the selection effect, and the 
complementary effect. The insurance effect principle states that in a 
diversified system, one species—or variety at the species level—may fail, but 
multiple failures are less likely (Yachi & Loreau, 1999). Different plants exhibit 
different responses to temperature, precipitation, pests, and diseases. 
Fluctuations in yield among plants can compensate for each other and 
stabilize the total biomass production through time. The selection effect 
principle outlines that the more species or varieties there are in an 
ecosystem, the greater the chance that the best performing crop will be 
included. Because one species will find the environmental conditions to be 
favorable, total biomass production stays stable from year to year. However, 
an important condition for the selection effect to happen is that the best-
performing species or variety in the given year must be dominant. The 
complementary effect entails direct ecological interactions between plants. 
Functional differences between species (Hector, 1998; Loreau & Hector, 
2001) can lead to reduced interspecific competition, facilitative interactions, 
and exploitation of different resources (i.e., soil nutrients). Plant height 
differences, for example, can buffer the impact of extreme climate events 
(Philpott et al., 2008) or create microclimates that can help control diseases 
and pests (Zhu et al., 2000). 
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2. Agrobiodiversity to Improve Yields 

Increasing agrobiodiversity through the addition of crops varieties, species, 
or functional groups (e.g., cereals versus legumes) can be achieved at 
multiple spatial and temporal scales. Within the same fields, practices 
include rotations of crops within 1 year (with no temporal overlap) or year 
after year; inter cropping (i.e., cultivation of more than one crop species); 
and cultivar mixtures (i.e., cultivation of more than one cultivar of the same 
species; Smith & McSorley, 2000). Agrobiodiversity also entails management 
practices promoting noncrop species—including habitat within or around 
fields (e.g., hedgerows)—or soil biodiversity (i.e., inoculation of beneficial 
organisms, organic amendments, etc.). 

Recently, research on the benefits of diversification practices bloomed 
worldwide (Beillouin et al., 2019), showing that promoting agrobiodiversity 
can create multiple benefits simultaneously. In one of the largest-scale field 
trials across Malawi. Snapp et al. (2010) showed that rotations involving 
maize and long-lived legumes, at moderate levels of nitrogen fertilizer, had 
similar yet more stable yields, compared with monoculture maize. In 
addition, these rotations provided substantial nutritional benefits (i.e., 
increase in protein yield), greater fertilizer-use efficiency (e.g., >100% more 
grain yield with the same amount of nitrogen input), and acceptability to 
farmers. Himmelstein et al. (2017) found that intercropping practices across 
Africa benefitted both yields (e.g., increase of 23% on average) and growers’ 
incomes compared with monocropping systems. However, authors noted 
that the management of leguminous intercrop systems could still be 
optimized to reach their full potential. Until now, cultivar mixtures have 
been used mainly for disease and weed management (Beillouin et al., 2019). 
However, meta-analyses have demonstrated that mixtures significantly 
improved yield compared with monoculture (Reiss & Drinkwater, 2018; 
Smithson & Lenné 1996). They also found that yield benefits were much 
greater in tropical areas and where plants grow in soil stressful conditions 
(i.e., low soil organic content and in acidic soils). 
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3. Agrobiodiversity to Face Climate Variability 

The potential for agrobiodiversity to buffer agricultural impacts of climate 
shocks is less researched. Among the few empirical studies assessing yield 
stability, results supported the positive effect of the diversity of crop species 
(Gaudin et al., 2015; Smith et al., 2008) on the temporal stability of yield 
and income (Auffhammer & Carleton, 2018; Di Falco & Chavas, 2008). To 
date, only two meta-analyses synthesized results on the stabilizing effect 
of diversity. Research showed that yield stability of cereal-grain legume 
intercropping systems in tropical regions is greater than both cereal and 
legume cultivated as sole crops (Raseduzzaman & Jensen, 2017; Reiss & 
Drinkwater, 2018) Facilitation mechanisms leading to greater productivity 
and stability within fields may be stronger under more stressful conditions 
(Maestre et al., 2009; Prieto et al., 2015). 

Renard & Tilman (2019) investigated whether crops’ diversity increases year-
to-year stability of crops production in the context of climate change at the 
national scale over 5 decades (19612011) and 91 nations. Results showed that 
greater crop species and functional group diversity increased the stability 
of food supply and resilience to interannual variability of precipitation at 
the national level. Although agrobiodiversity can contribute to sustainable 
agriculture in diverse ways, how to pilot it for greater resilience deserves 
more research, notably in West Africa with its strong climate constraints. 

From Landscapes to Genes 

1. A New Perspective on Selection Schemes 

At the scale of varieties, the same principles may apply. The insurance 
strategy guides farmers’ choices in regions with high variability: They prefer 
to have varieties that produce a lower yield under a multitude of conditions 
than varieties that perform extremely well only under very specific 
conditions (Van Oosterom et al., 1996; Weltzien et al., 1998). At the 
agrosystems level, more research is needed to identify combinations of 
species and traits that can optimize yield stability through an insurance or 
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a complementary effect. Achieving production stability under all climatic 
conditions could also rely on the valorization of intraspecific diversity. As 
Haussmann et al. (2012) stated, the scale of varieties should consider two 
levels: individual buffering and population buffering. Individual buffering is 
the variance of the individual’s phenotype, which is expressed as a function 
of environmental conditions. This buffering may be accentuated by the 
presence of different alleles for the locus of interest. Population buffering 
is the variance across all individuals in the population and therefore of the 
intra-population diversity (see Figure 1). 
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Figure 1 

Figure 1 – Population buffering is the variance across all individuals in population & 
therefore of intra-population diversity 

The idea of highlighting variances within individuals and populations to 
improve agrosystems’ performance is recognized in ecology for natural 
ecosystems (Violle et al., 2012) and has been further developed for 
agrosystems by rethinking selection schemes (Litrico & Violle, 2015). The 
authors break functional traits into two types: traits of agronomic interest, 
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often related to productivity (i.e., grain number and weight) and interaction 
traits (i.e., rooting depth, vegetative architecture, and phenology). Thus, 
Litrico and Violle (2015) proposed that the variance be considered according 
to the two types of traits. Agronomic traits should have a very small variance 
of the trait at the individual level and the population level, so that all 
individuals tend toward the same optimum. Conversely, interaction traits 
should minimize the individual variance and maximize the population 
variance, so that the population covers a wide range of conditions. Thus, it is 
rather a question of thinking of an “ideomix” than an ideotype. 

Variance, at the individual and population scales, is governed by genes 
involved in the trait under consideration. Flowering earliness, for instance, is 
highly regarded as adaptive to drought. It allows escape from the midseason 
rainfall breaks which are characteristic of Sahelian Africa. Many studies seek 
to identify the major genes involved in earliness. Fewer studies focus on the 
variance within the cycle, but a variance of a few weeks may allow some 
plants to survive while others do not. In pearl millet, PhyC (PHYTOCRHOME 
C) has been identified as a major gene involved in precocity (Saïdou et al., 
2014; Vigouroux et al., 2011). Nevertheless, a gap of more than 15 days may 
exist between the first plant to flower and the last. Such gaps are even 
observed within full-sib families. Faye et al. (2022) confirmed the importance 
of the PgPhyC gene with the T allele of the SNP (Single Nucleotide 
Polymorphism) chr2_11155563 almost fixed in early varieties and the 
alternative allele in late varieties. In addition, they identified a second gene, 
FRS12 (FAR1-RELATED SEQUENCE 12) for which four SNPs were identified, 
some with more subtle frequency differences between the two varieties. In 
addition to these two genes, which seem to have major effects, a number of 
other genes have also been detected and present a great interest in breeding 
to target individual or population buffering in breeding programs. 

2. Sources of Interesting Genetic Diversity 

The described example on flowering earliness highlights the necessity to 
identify reservoirs of genetic diversity, the importance of understanding 
genes’ involvement in traits, interactions, and the relationship between 
genes and environment. This study presents functional reservoirs of 
diversity and describes why this diversity could be interesting in an 
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integrated way of valorization. Neglected crops will not be included here but 
rather detailed in a companion paper. 

2.1 Wild Relatives as a Source of “Ready-to-Use” Genes for Crop 
Adaptation 

Since the first domestication of wild plants some 12,000 years ago, cultivated 
crops have shared a complex and long history with humans, the 
environment, and their wild relatives. Despite the reduction of habitats 
because of evolving environmental conditions and human spread, Crop Wild 
Relatives (CWR) remain interesting reservoirs of diversity and may conceal 
useful alleles in view of crop improvement and adaptation (Guarino & Lobell, 
2011). Wild relatives still exchanging genes with the cultivated pool refuels 
the cultivated diversity. In yam, for example, constant inclusion of wild 
individuals in the cultivated pool in Benin is a factor of enrichment of the 
cultivated diversity (Scarcelli et al., 2006). A genomic study on pearl millet 
provided evidence that wild-to-crop gene flow increased cultivated genetic 
diversity leading to adaptive introgression (Burgarella et al., 2018). Such cases 
may be an effective strategy for informing new breeding directions and 
for uncovering ready-to-use wild diversity relevant for crop adaptation to 
current environmental changes (Burgarella et al., 2019). 

Populations of African CWR are also found outside the geographical range 
of their cultivated counterparts, and therefore they experience different 
environmental conditions. For instance, the wild rice Oryza barthii shows a 
much wider distribution than the domesticated species it gave birth to, the 
cultivated African rice O. glaberrima (Lu et al., 2010). The wild ancestor of 
pearl millet is found in more extreme northern latitudes than the cultivated 
populations (i.e., in drier environments, see Figure 2). In these populations, 
Berthouly-Salazar et al. (2016) identified genetic variation linked to abiotic 
and biotic stress responses, and Ousseini et al. (2017) revealed a gene 
implicated in the number of flowers, both covarying with the gradient of 
rainfall. This pristine natural variation linked to local adaptation can be an 
asset for crop improvement. 

340  |  Biodiversity as a Cornerstone of Agrosystems’ Sustainability in West Africa



Figure 2 

Figure 2 – Wild Ancestor of Pearl Millet is Found in More Extreme Northern Latitudes 
than the Cultivated Populations 

2.2 Landraces, Genetic Load, Local Adaptation, and Cryptic 
Variation 

Despite the well-known bottleneck effect that makes the wild compartment 
of landraces a complementary source of diversity, a lesser-known effect 
of the domestication process is the existence of a deleterious load within 
cultivated populations (Moyers et al., 2018). This possible “cost of 
domestication” refers to the increase in frequency of deleterious alleles 
segregating in the domesticated species as compared to the wild 
compartment. The existence of this genetic load implies an extended linkage 
and reduced genetic diversity. Intensive breeding programs would also 
strongly increase the number of deleterious mutations in domesticated 
species (Frantz et al., 2020). The study of these deleterious alleles, and 
of their frequency in different populations, may help orientate breeding 
strategies and diversity valorization, as their existence may limit the efficacy 
of selection and impact breeding efficacy. 
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From their domestication, each crop settled in new locations and colonized 
new environments through farmers or seed exchanges. These landraces now 
significantly contribute to the important genetic resources at the disposal 
of farmers and breeders. Two specific kinds of genetic diversity (i.e., allelic 
variations) may be of particular interest for crop adaptation and sustainable 
use in breeding while ensuring diversity conservation. 

First, the variability of environmental conditions across a species range 
drives differential adaptation of populations, resulting in local adaptation. 
Local adaptation is the difference in relative fitness between a native 
genotype in a given environment and a nonnative genotype in the same 
environment (Kawecki & Ebert, 2004). A meta-analysis of 74 studies revealed 
that local adaptation is common among species and that a local population 
has on average 45% greater fitness than a foreign population (Hereford, 
2009). This statement might not stand when population environments are 
drastically different or when selective factors are different at opposite ends 
of the gradient (Hereford, 2009; Popovic & Lowry, 2020). Local adaptations 
are critical for species survival in diversified and variable environments and 
thus may enable crop populations, if incorporated in their genetic 
background, to withstand impacts of climate changes (Razgour et al., 2019; 
Vargas et al., 2017). 

Cryptic variations are a second source that can be just as important in coping 
with environmental changes, especially when environmental changes are 
highly contrasted and rapid (Bitter et al., 2019). Cryptic genetic variation has 
been reported in wild progenitors of crop species and landraces (Lauter & 
Doebley, 2002; Von Wettberg et al., 2018). Cryptic genetic variation is defined 
as standing genetic variation that does not contribute to the normal range 
of phenotypes observed in a population but that can bring forth phenotypic 
variation after environmental change (Gibson & Dworkin, 2004). Cryptic 
variation allows large phenotypic shifts outside the normal boundaries of 
phenotypic variation of a population, (i.e., when a variation in environmental 
conditions substantially changes the optimal phenotype). These shifts 
require important genetic stepping-stones that would be possible to reach 
only if cryptic variation precedes the change in environmental conditions. 
(Zheng et al., 2019). Given the current pace of environmental changes, 
exploring and conserving cryptic diversity should be of primary focus. 
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3. Population Genomics Can Identify Interesting 
Diversity: Approaches and Methodologies 

The potential of this available diversity to improve agriculture in the face of 
climate change is huge. However, its use is far from being obvious to valorize. 
Population genetics is the study of allele frequency changes in a group 
of individuals exchanging genes (i.e., a population). Its concepts and tools 
are used to study microevolution, population dynamics, and conservation 
genetics. While broadly applied in natural conditions, population genetics 
approaches are also relevant in agriculture. When accessing the genetic 
composition of a population, several parameters can be studied: genotype 
frequencies, allelic frequencies, gene flows, heritability, genetic correlations, 
heterozygosity, and other indicators that allow an understanding of the 
genetic dynamics of the population under study. Using such approaches 
may help identify the historical effects of evolutionary forces that have 
shaped current diversity and reveal interesting alleles directly related to 
the environmental conditions to which they respond. This knowledge and 
understanding are essential to make an integrated use of agrobiodiversity 
and to ensure that it is a factor of resilience in agrosystems. 

3.1 Detecting Footprints of Selection 

The identification of selection, phenotype-genotype links, and candidate 
genes is possible through the study of allelic frequencies at the whole 
genome scale. In this paragraph, a synthetic and theoretical way the genomic 
footprints left by selection in the case of a strong and recent selection by 
an environmental pressure is presented. The cases of polygenic selection or 
soft selection are more complex and harder to detect, although surely more 
frequent and often linked to local adaptation and rapid evolution (Hermisson 
& Pennings, 2017). 

In case an ideal unique population at equilibrium and a recent mutation 
under strong positive selection is considered, the haplotype(s) carrying a 
beneficial mutation will increase rapidly in frequency in the population. This 
selection of a small number of haplotypes will lead to a reduction in diversity 
around the adaptive allele because polymorphisms physically linked to it will 
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be swept along (referred to as hitchhiking effect). This binding strength will 
depend on the rate of recombination and the time it takes for it to act. In 
other words, the lower the recombination rate, the greater the size of the 
haplotype will be, with a loss of diversity that will expand far away from the 
causative allele. Similarly, the older the selection pressure is and the more 
time the recombination has had to break the linkage, the smaller the region 
affected by the loss of diversity. Because it is this difference in diversity 
relative to the rest of the genome that can be used to identify the presence 
of adaptive alleles, it is easy to understand that it will be easier to identify 
adaptive alleles that have been selected recently or in regions/genomes with 
low recombination rates. 

The loss of diversity around the adaptive allele can be measured either 
by classical diversity tests, such as Tajima’s D, and across the spectrum of 
allelic frequencies, also called site frequencies spectrum (SFS). In case of 
neutrality, this spectrum follows a distribution of the form y = 1/x. In case 
of selection, the intermediate classes are very little represented or even 
absent, and the extreme frequencies (i.e., very rare or very frequent alleles), 
increase in frequency. A third pattern that appears around the adaptive 
allele, in addition to the reduction of diversity and the SFS change, concerns 
the linkage disequilibrium (LD). Within a selected haplotype, the LD is high 
among polymorphisms located on the same side of the adaptive allele but 
low between SNPs located on either side of the allele. The w-statistic has 
been proposed to measure this pattern. 

Analyses can be performed at the metapopulation level by comparing 
populations. If the adaptive allele is selected in a specific population, the 
difference in frequencies of the adaptive allele and those physically linked to 
it compared to their frequencies in the other populations will be very strong. 
This phenomenon creates a pattern along the genome where genomic zones 
involved in adaptation will exhibit more differentiation between populations 
than the rest of the genome. This differentiation is often measured by the 
fixation index (FST parameter), estimated from allelic frequencies. The study 
of FST values, along the chromosomes between two populations, allows the 
identification of particularly high values of FST, which highlight candidate 
regions of the genome for selection, including genes involved in adaptation 
in one of the compared populations. 

Approaches based on diversity indices, SFS or LD, are highly dependent on 
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the number and density of SNPs identified. Consequently, these methods 
are adapted to Whole Genome or capture sequencing technologies, 
allowing regions spanning a minimum of several dozens to several hundreds 
of kilobases. The GBS (Elshire et al., 2011), RADSeq (Hohenlohe et al., 2010), 
or small area capture approaches (Mariac et al., 2018) are more adapted for 
approaches based on population differentiation. When these types of 
methods based on FST/genetic differentiation are targeted, the choice of 
populations (i.e., spatial sampling protocol) is crucial (De Mita et al., 2013). 
Table 1 presents a synthesis of the different methods to detect selection and 
associated software. 

Table 1 
Synthesis of Methods to Detect Selection 

Sequencing 
methodology 

leads to 

Number 
of populations 

needed 
Types of
footprint Softwares References 

genomic 
regions > 
50,000 kb 

1 

Diversity 
indices 

ANGSD Korneliussen 
et al., 2014 

( Tajima’s D) 

SFS SweepFinder, 
SweeD 

Nielsen et al., 
2005 ; 

Pavlidis et al., 
2013 

LD OmegaPlus 
(2012) 

Alachiotis et 
al., 2012 

genomic 
regions < 
1000 kb 

>2 Genetic 
differentiation 

PCAdapt, 
BayeScan 

Luu et al., 
2017 ; Foll & 
Gaggiotti, 

2008 

3.2 Association Methods 

Genomic scans looking for adaptive alleles can be complemented by 
approaches revealing significant correlations between allelic frequencies 
and phenotypic traits (genotype-phenotype association [GPA]) or 
environmental variables (genotype-environment association [GEA]). These 
methods are tailored to help understand the genetic basis of phenotypic 
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variation (GPA) or adaptation to the environment (GEA). The association 
between phenotypic/environment and genomic variability can be examined 
through Genome Wide Association Studies (GWAS) and helps decipher 
metabolic pathways for a better understanding of functional processes. 
These methods are necessarily sensitive to the number of points to estimate 
the relationship (>100) and the kinship within the sampling. A review of tests 
and study of their limitations for GEA and GPA can be found in Rellstab et al. 
(2015) and Tam et al. (2019), respectively. 

Studying adaptation to drought or other stresses on classical inbred lines or 
more complex ones such as RILS or NAMs is a good start but it is not enough. 
The diversity represented in these synthetic panels is reduced, and creating 
these resources is time consuming and costly—they generally require several 
generations of inbreeding of a rather large number of individuals. Whenever 
possible, CWRs and landraces should be included in adaptation studies 
because they are functional reservoirs of a genetic diversity that are 
essential for the resilience of varieties. Then, if researchers want to extract 
information from them, they must use population genomics methods that 
are adapted to heterogeneous populations and that allow the detection of 
local adaptations (Hoban et al., 2016). 

3.3 Correlation Between Genetic Diversity and Environmental 
Variability 

Another emerging set of methods seeks to infer the current populations’ 
vulnerabilities to future climatic conditions, including increased drought 
events. In contrast with well-known niche-modelling approaches that use 
the extent of species distribution to draw suitable areas at the species level, 
these approaches use the available genetic diversity to give a finer-scale 
view of the effect of future climates on local populations (i.e., landraces). 
These approaches largely rely on newly developed Machine Learning 
approaches to link the variations of genetic diversity and the climate that 
should have modelled it. If these approaches were initially developed and 
applied to natural populations of plants or animals (Bay et al., 2018; 
Fitzpatrick & Keller, 2015), there is a growing interest in applying them to 
cultivated plants (Capblancq et al., 2020; Rhoné et al., 2020). A detailed 
example is reported in Box 1. 

346  |  Biodiversity as a Cornerstone of Agrosystems’ Sustainability in West Africa



Altogether, population genetics theory and its application to the study of 
agrobiodiversity’s history and contemporary evolution in the face of current 
environmental constraints is a powerful tool to better understand 
populations’ dynamics and identify how to make a reasonable and integrated 
use of their genetic diversity. 

Box 1: A study of genomic vulnerability 

A recent study has focused on estimating the local adaptation 
of traditional landraces of pearl millet to environmental 
variations in West Africa (Rhoné et al, 2020). Using a fine-scale 
climatic dataset and climatic variables calculated to match the 
growing season of the crop (Sultan et al, 2019), researchers have 
investigated how genetic diversity has been shaped by variation 
in climate conditions. Using a machine learning algorithm that 
monitors shifts in allele frequencies toward environmental 
gradients, this first step of the study determined that the impact 
of climate on genetic structure is important. Using the 
relationships established between climate variables and allelic 
variations, a second step of the study consisted in predicting the 
allelic composition that will be required to fit future 

climate conditions estimated under a climate change model. 
By calculating a genetic distance between the current allelic 
composition of a landrace and the future one at the same 
location under climate change, researchers computed a so-
called genomic vulnerability (GV, aka genetic offset). This GV 
informs on the magnitude of evolution needed to cope with 
future climate for a given landrace. For pearl millet, researchers 
observed a particular pattern of GV that was subsequently linked 
to a variation in flowering time using a GWAS approach. 

To validate that the GV can efficiently predict a biological 
impact of climate change, researchers used a common garden 
experiment. Using a field in Niger as a common environment for 
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several landraces coming from all West Africa, researchers 
computed for these test landraces a GV between their original 
location and the common garden. They evaluated performance 
of the landraces by monitoring the growth and several key 
phenotypic traits linked to the yield. They then tested if a greater 
GV ended up with a lower yield. The obtained negative 
correlation between GV and yield estimators was highly 
significant, with a Pearson’s r ranging from -0.31 to -0.42 
depending on the considered parameter, validating the 
predictive power of the GV approach for the first time in a crop 
plant. 

A last work performed under this study was to evaluate if 
material exchange throughout West Africa could locally reduce 
GV, using a newly developed measure of the remaining GV after a 
migration event. This investigation led to the outcome that 
within-country migrations would not be efficient in significantly 
reducing the GV but larger, regional-scale migrations should 
help reduce the risk of yield loss due to adverse climatic 
conditions. 

Management and Uses of Agrobiodiversity 

1. Conservation Strategies 

The importance of agrobiodiversity, defended in this chapter, brings another 
perspective on the conservation of genetic resources. While it is recognized 
that in situ conservation—in addition to ex-situ collections of diversity—is 
crucial to maintain evolutionary forces under work in populations, the 
question of the genetic erosion arises in debates on climate change. The 
pace imposed by this environmental perturbation begs the question: Can 
populations adapt quickly enough while not losing all important genetic 
variation if the selection pressure is too strong? In the face of climatic 
change, it becomes important to maintain evolutionary forces at work and 
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to ensure that these evolutionary forces will be able to maintain a dynamic 
state that continues creating diversity. Evolution models must therefore be 
developed to thoroughly understand how diversity will behave in the face 
of climate change and to make recommendations on practices that would 
promote a dynamic in favor of maintaining diversity, and against undesired 
genetic erosion. In that, the role of so-called de-facto conservation, through 
agricultural practices oriented toward more inclusion of agrobiodiversity is 
primordial, local actors are guarantors of the genetic richness present on 
their territory. 

2. Genetic Resources Access 

Despite the key role that agrobiodiversity is expected to play to build a 
sustainable agriculture resilient to climate change, a paradoxical situation 
prevails today. On the one hand, new genomics, phenotyping, and 
information technologies promote a more rapid development of knowledge 
and an increased and accelerated exploitation of genetic resources in the 
public and private sectors. On the other hand, international regulations 
tend to make access to and exchange of genetic resources more complex, 
although underpinned by the laudable goal of equity. These instruments 
(the International Treaty on Plant Genetic Resources [ITPGRFA] and the 
Nagoya Protocol [NP] of the Convention on Biological Diversity [CBD]) aim 
to guarantee access to genetic resources and the fair and equitable sharing 
of the benefits stemming from their use. Better uses of this diversity will 
require improved mechanisms for exchanging information and resources 
rapidly and effectively, considering the diversity in value systems at work 
among stakeholders who often have different visions and objectives for the 
exchange of genetic resources (Jankowski et al., 2020). 

These challenges will require coordinated transdisciplinary projects across 
research disciplines (e.g., agronomy, anthropology, sociology, economics, 
breeding and genetics) involving actors beyond research. Access to this 
biodiversity must be preserved in itself for the functions and services 
rendered within agro-ecosystems, which does not prohibit the use of the 
genetic resources offered (i.e., genetic improvement). It must be done in a 
sustainable manner and in a logic of common goodness at different scales 
and for multiple actors. To meet the current challenges of crop adaptation 
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and improvement under dry environment, the authors advocate for a broad 
understanding of innovation, which requires the involvement of new 
diversity and new actors in the knowledge production process. 

Perspectives 

The identification of genes or genomic regions involved in adaptation or in 
the past evolution of populations significantly enriched the knowledge of the 
variability existing in populations and its potential usefulness, in particular 
through the study of the links with the environment. It also appears that 
a classical view, where one crop improvement need can be addressed by 
one appropriate allele, does not respond properly to the specific constraints 
imposed by the local context of West Africa or to the perspective of the 
ongoing rapidly changing climate. Moreover, such approaches would fail 
in establishing long-term sustainable and resilient agrosystems. On the 
contrary, the maintenance of numerous alleles in a diversity of crops seems 
more likely to ensure agrosystems’ stability at the level of crops populations. 
Similarly, maintaining a diversity of crop species within and outside fields 
holds the potential to promote stability of food production and livelihoods. 

CWR and landraces are thus potentially valuable sources of alleles of 
interest, especially in the context of climatic unpredictability and of needed 
resilient strategies. A classical view regarding biodiversity valorization relies 
on a triptych conservation-characterization-use in prebreeding. However, 
this approach is far from simple. The characterization and use of genetic 
resources requires tremendous investments and precedent knowledge 
regarding the genetic complexity of adaptive traits. As a result, biodiversity 
valorization in breeding programs has been recognized as essential for a long 
time but scarcely led to concrete successful examples, regarding the huge 
potential offered by the total conserved diversity. In addition, it remains a 
tit-for-tat strategy that may encounter limits when it comes to adapting 
populations to important and erratic changes in the environment. 
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Conclusion 

Agrobiodiversity should be an integrated input at several scales—landscapes, 
species, individual genotypes, and genes—to contribute to more stable food 
systems in the face of erratic effects of climate and global changes. Allowing 
a broader and more efficient use of agrobiodiversity, (i.e., the study of the 
finest level of diversity in its dynamic state, as population genetics and 
genomics approaches), is essential for a better understanding and 
knowledge of the characters of interest to significantly improve agrosystems’ 
functioning. Through their role, breeders and farmers are the guarantors 
of this agrobiodiversity. They can greatly influence its conservation by 
integrating the concept of diversity into their strategies. If improvement 
is still considered a factor of erosion in intensive agricultural systems, an 
inverted paradigm is possible through an approach based on an objective of 
stability and resilience of agrosystems. 
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