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SUMMARY

Wild tree resources are known to play an important role in local stakeholders’ livelihoods particularly in the food and nutrition security of 
people living in semi-arid sub-Saharan Africa. Based on a comprehensive review of the literature, this article examines the relative importance 
of the contributions of tree resources to food and nutrition security for rural households, while considering alternative causal pathways. The 
main conclusions of the review are that most studies provide useful evidence on specific contributions of tree products to food and nutritional 
security, and for whom. However, detailed data on the actual contribution of tree products are still lacking. In addition, we argue that the concept 
of access as a pillar of food security is not sophisticated enough to understand the landscape dynamics and the socio-economic relations at the 
nexus of food security and rights of access. Links are needed to better understand the underlying processes in the definition of each stake-
holder’s rights of access to tree resources in a context of rapidly changing landscapes, and how income generated by tree resources contributes 
to food and nutrition security. An approach to food security based on rights of access would advance our understanding of their use and tackle 
the root causes of food deficiency based on different social groups. In light of current patterns of access to tree food for different stakeholders, 
including women and children, an intersectional approach that accounts for age, gender, ethnicity and wealth would benefit food security 
research by a more targeted and discerning approach to existing rights of access and to the roles of different community members.
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La contribution des ressources arborées sauvages à la sécurité alimentaire et nutritionnelle dans 
les régions semi-arides d’Afrique sub-saharienne: une revue de littérature des chemins d’impact 
et des bénéficiaires

C.K. KOFFI, A. LOURME-RUIZ, H. DJOUDI, E. BOUQUET, S. DURY et D. GAUTIER

Les ressources des arbres non cultivés interviennent de manière conséquente dans les moyens d’existence et plus particulièrement la sécurité 
alimentaire et nutritionnelle des habitants des régions semi-arides d’Afrique Sub-Saharienne. L’article s’appuie sur une revue de la littérature 
pour examiner l’importance relative de la contribution des produits des arbres à la sécurité alimentaire et nutritionnelle, ainsi que les différents 
canaux de causalité à l’œuvre. La revue fait ressortir deux résultats principaux. Un premier constat est que la plupart des études fournissent des 
éléments pertinents sur certaines modalités spécifiques de contribution des produits des arbres à la sécurité alimentaire et nutritionnelle, ainsi 
que sur les bénéficiaires. Cependant, il manque des données détaillées sur les niveaux de contribution effectifs. D’autre part, nous mettons 
en évidence que le concept d’accès, communément utilisé comme un des piliers de la sécurité alimentaire, est trop général pour comprendre 
les dynamiques paysagères et les relations socio-économiques qui sous-tendent le nexus entre droits d’accès aux ressources non cultivées et 
sécurité alimentaire. Un modèle relationnel plus élaboré est nécessaire pour mieux comprendre comment se définissent les droits d’accès aux 
ressources arborées pour différentes parties prenantes, dans un contexte de changement rapide des paysages, et comment, de l’exercice de ces 
droits d’accès, découlent des ressources alimentaires ou des revenus monétaires qui ont un impact sur la sécurité alimentaire et nutritionnelle 
des populations. Une approche de la sécurité alimentaire basée sur la théorie des droits d’accès permettrait de mieux comprendre la diversité 
des usages des ressources par différents groupes sociaux, et de trouver des solutions plus adaptées pour améliorer la sécurité alimentaire. Une 
approche intersectionnelle prenant en compte les différences d’accès aux ressources arborées non cultivées en fonction, entre autres, de l’âge, 
du genre, de l’ethnie et du niveau de richesse, permettrait d’approfondir les connaissances existantes sur la sécurité alimentaire et de développer 
des approches plus ciblées sur les rôles et les enjeux pour différentes parties prenantes, y compris les femmes et les enfants. 

1 The article was written as part of the RELAX project (N° AF 1507-329; N° FC 2015-2440, N° FDNC Engt 00063479), funded under the 
«Thought for Food» initiative, by Agropolis Fondation (ANR-10-LABX-0001-01), by Fondazione Cariplo by Fondation Daniel et Nina Carasso.
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in rainfall leading to drought or flooding, or rainfall stopping 
during the rainy season, thereby reducing yields) (Challinor 
et al. 2007, Kotir 2011, Thornton et al. 2011). This effect 
affects all the components of food security (Gross et al. 2000): 
availability, accessibility, utilization (Thompson et al. 2010) 
and stability (Challinor et al. 2007, Sultan et al. 2013). Hence, 
it increases the risk of hunger and malnutrition in these 
regions. But food security is also challenged indirectly 
through land degradation, changes in markets, food prices 
and in the supply chain infrastructure (Gregory et al. 2005, 
Thompson et al. 2010). 

SSA drylands including regions in western, eastern and 
southern Africa are understood here in relation to agrarian 
systems, and thus include cropping and herding. Some studies 
have examined food insecurity in SSA drylands in all its com-
plexity combining the four pillars of food security. However, 
to date, the main focus has been on the availability and acces-
sibility of food supplied by rain-fed agriculture (Cooper et al. 
2008, Tittonell and Giller 2013) or mixed crop-livestock 
systems (Thornton and Herrero 2014), and to a lesser extent 
by irrigated crops (Cassman and Grassini 2013), produced 
either directly on the farm or obtained indirectly thanks to 
income (earned from on-farm or off-farm activities) and 
access to markets (Frelat et al. 2016). 

Even though trees are omnipresent in the SSA dryland 
landscapes, both inside and outside cropped areas, their 
contribution to food security is often treated separately in the 
food security literature. Two explanations are possible. 

First, trees have been associated with soil fertility in 
semi-arid SSA for decades. In agroforestry studies, the main 
link between trees and food security in SSA is seen as a way 
to reduce soil erosion, increase soil fertility and crop yields 
and hence food availability and accessibility (Sanchez 2002, 
Garrity et al. 2010, Akinnifesi et al. 2011, Mbow et al. 2014) 
as well as to provide people with a direct supply of food that 
grows on agroforestry trees (Jamnadass et al. 2011). 

Las contribuciones de los recursos de árboles silvestres a la seguridad alimentaria y nutricional 
en las tierras secas del África subsahariana: examen de las vías de acceso y los beneficiarios

C.K. KOFFI, A. LOURME-RUIZ, H. DJOUDI, E. BOUQUET, S. DURY y D. GAUTIER

Se sabe que los recursos arbóreos  silvestres desempeñan un papel importante en los medios de subsistencia de las comunidades locales, 
en particular en la seguridad alimentaria y nutricional de las personas que viven en el África subsahariana semiárida. A partir de una revisión 
detallada de la literatura, este artículo examina la importancia relativa de las contribuciones de los recursos arbóreos a la seguridad alimentaria 
y nutricional de los hogares rurales, al tiempo que considera vías de acceso alternativas. Las principales conclusiones de la revisión son que la 
mayoría de los estudios proporcionan pruebas útiles sobre las contribuciones específicas de los productos arbóreos a la seguridad alimentaria 
y nutricional, y para quién. Sin embargo, todavía faltan datos detallados sobre la contribución real de los productos arbóreos. Además, se 
postula que el concepto de acceso como pilar de la seguridad alimentaria no es lo suficientemente sofisticado como para comprender la 
dinámica del paisaje y las relaciones socioeconómicas en el nexo entre la seguridad alimentaria y los derechos de acceso. Se necesitan vínculos 
que permitan comprender mejor los procesos subyacentes en la definición de los derechos de acceso de cada interesado a los recursos arbóreos 
en un contexto de paisajes que cambian rápidamente, y cómo los ingresos generados por los recursos arbóreos contribuyen a la seguridad 
alimentaria y nutricional. Un enfoque de la seguridad alimentaria basado en el derecho de acceso nos permitiría comprender mejor su utilización 
y abordar las causas más profundas de la carencia de alimentos en función de los diferentes grupos sociales. A la luz de las actuales pautas 
de acceso a los alimentos de los árboles por parte de las diferentes partes interesadas, como las mujeres y los niños, un enfoque intersectorial 
que tenga en cuenta la edad, el género, la etnia y la riqueza sería beneficioso para la investigación sobre la seguridad alimentaria, para un enfoque 
más específico y exigente de los derechos de acceso existentes y para las funciones de los diferentes miembros de la comunidad.

INTRODUCTION

In 2018, more than 820 million people in the world went 
hungry and the number increases every year. Hunger is on the 
rise in almost all sub-regions of Africa, and the prevalence 
of undernourishment has reached levels of 22.8% in sub-
Saharan Africa (SSA) versus 11% worldwide. The term ‘food 
insecurity’ not only covers undernourishment but also nutri-
tional deficiencies that can severely impair both physical 
and cognitive development. Its prevalence is estimated to 
be approximately twice as high as undernourishment alone 
(Ickowitz et al. 2019). Six hundred million people (two 
people out of three) in sub-Saharan Africa experience moder-
ate or severe food insecurity measured using the food insecu-
rity experience scale (FIES) (FAO et al. 2019). As defined by 
the World Food Summit (1996), food security exists when 
people have at all times physical and economic access to 
sufficient, safe and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life. 
Thus, the concept is broad, multi-dimensional and too com-
plex to assess with a simple indicator. That is why four com-
ponents, or pillars, have been developed to address the global 
concept in a more appropriate and functional way. The four 
pillars are (i) the availability of sufficient quantities of food of 
appropriate quality, including own production and foraging; 
(ii) access to adequate resources to acquire appropriate food, 
including income or right of access; (iii) the utilization of 
food as the socio-economic aspects related to the choice, 
preparation and knowledge of food. This pillar highlights the 
importance of non-food inputs in food security, such as the 
diversity of the diet and intra-household distribution of food; 
and (iv) stability as a cross cutting dimension that includes the 
fact that the three other pillars must be fulfilled at all times 
(figure 1). 

Food security in SSA drylands may be challenged by the 
effect of climate variability on crop production (e.g. changes 
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Second, another body of literature linking trees to food 
security has emerged since the mid-1990s (Pimentel et al. 
1997, Vinceti et al. 2008) because certain researchers con-
sider that agro-ecosystems are too frequently separated from 
other natural landscape ecosystems. They believe insufficient 
attention is paid to the way in which services can flow to and 
from the agro-ecosystem to surrounding ecosystems (Poppy 
et al. 2014). This body of literature has increased notably 
recently, calling for integrative approaches, for more attention 
to be paid to the role of wild trees in food security and nutri-
tion in tropical countries and for further analysis of food 
security at the landscape level (Sunderland et al. 2013, 
Vinceti et al. 2013, Vira et al. 2015). However, this body of 
literature mainly considers the contribution of wild trees to 
dietary diversity, and the link with foraged tree products, 
whereas the quantity consumed and their contribution to 
ingested nutrients as components of the diet has rarely been 
discussed (Termote et al. 2014, Rowland et al. 2015). Still, 
the four pillars of food security (availability, access, stability 
and utilization) are not absent from this second corpus. 
The contribution of wild tree resources follows the same 
structure as the contribution of agriculture to food security 
and nutrition. Like agricultural products, tree products can be 
consumed or sold, require labor, contribute to empowerment 
or depend on prices, and in that way, follow the same agricul-
ture-nutrition pathways (Haddad 2000, Pandey et al. 2016). 
That is why tree resources are progressively being more fre-
quently included in the concept of agricultural biodiversity, 
which corresponds to the crops, animals and plants managed 
by farmers (Jones 2017). Wild tree and forests products can 
contribute to food security and nutrition in two main ways. 
When consumed, they can improve both the diet and dietary 
diversity. Nuts, fruits, leaves, roots of trees, and tubers on the 
one hand, and bushmeat, honey, mushrooms, and insects 
on the other, are crucial sources of micronutrients in many 
rural communities (Vinceti et al. 2008, Sunderland 2011, 
Kehlenbeck et al. 2013, Boedecker et al. 2014, Powell et al. 
2015).

In addition, wild tree products also contribute to food 
security because they can be sold and provide cash income for 
households and individuals. Such sales play a key role in the 
case of the most vulnerable people for whom wild products 
may represent safety nets, as marketable goods to buy food 
(Angelsen and Wunder 2003, Shackleton and Shackleton 
2004, Paumgarten 2005, Shackleton et al. 2011, Wunder et al. 
2014, Koffi et al. 2016). Further, some evidence has been 
found for an indirect link between food security, gender and 
access to common resources, showing that access to common 
resources (woodlands and pastures) reduces the probability 
that female-headed households face food insecurity. This evi-
dence confirms a safety net effect specific to female-headed 
households, although it is not specific to dry areas (Delvaux 
and Paloma 2018). These two main ways led to the food and 
nutrition security issue being taken into consideration at the 
landscape scale, in the living and daily activity spaces of rural 
people in semi-arid sub-Saharan Africa (Powell 2012, Padoch 
and Sunderland 2014, Powell et al. 2015).

In the broader sense, Gautier et al. (2006) defined a SSA 
dryland landscape as a repetitive combination of landscape 
elements including housing, champs de case, permanent and 
temporary fields, in which agroforestry parklands, barren 
fields, fallow land, dry forests or woodlands, that interact 
according to the agrarian system and to the pattern of the 
“terroir” concerned (Bassett et al. 2007). In this review, 
we focus on how wild tree resources provided by all the 
interacting landscape elements contribute to food security.

We assume that one of the most important causes of 
people’s exposure to food insecurity in the rural areas of 
SSA drylands is increasing climate variability (Gregory et al. 
2005, Mertz et al. 2009, Kotir 2011, Gautier et al. 2016) as 
it influences people’s coping strategies and their use of tree 
resources in facing food insecurity. However, we also 
acknowledge that the food insecurity experienced by many 
farmers in SSA drylands is not necessarily due to a climatic 
event. People can experience food insecurity for many other 
reasons including not having produced enough or having sold 
too much of their food stocks before the new harvest season, 
and not having any other ways to access food, i.e. other agri-
cultural or non-agricultural sources of income. On the other 
hand, they can cope with a bad climatic season or a small 
harvest thanks to their capacity to buy food when they have 
off-farm activities (selling their labor force, selling tree 
resources or livestock they have accumulated as a buffer 
against shocks and stress, etc.), social networks such as local 
mutual aid or remittances from migrant family members. 
Investigating the contribution of tree resources to food 
insecurity in SSA drylands also requires understanding the 
complex structures and causes of people’s vulnerability and 
the social, economic and political power games at play (Watts 
and Bohle 1993, Bohle et al. 1994, Misselhorn 2005, Baro 
and Deubel 2006, Harragin 2006, Watts 2013) as well as 
the adaptive strategies available to cope with food insecurity 
(Liwenga 2003, Davies 2016). 

In this paper, we investigate the contribution of trees to 
food security and nutrition in the SSA drylands as reported in 
the literature according to the four pillars of food security. 
We pay particular attention to the rights of access to tree 
resources in each landscape element that affects the outlook 
for food and nutrition security for particular social groups, 
including the poor, women, and children, and to the use of any 
income generated by tree resources to improve diet.

METHOD

Our review focuses on papers that seek to demonstrate a 
direct link between wild tree products and food security 
in rural areas of sub-Saharan African drylands, whether by 
improving the quantity or the diversity of food, and regardless 
of whether the pathway is direct (tree products are included in 
people’s diets) or circuitous through income generation (tree 
products are sold and the proceeds of the sales are used to 
purchase food). Other pathways are mentioned when useful, 
but without going into detail (Fig. 1).



The contributions of wild tree resources to food and nutrition security in sub-Saharan African drylands  67

Although some meta-analyses of this corpus are general, 
we focused our review on drylands in sub-Saharan Africa, and 
only case studies conducted in semi-arid and dry sub-humid 
zones are included. SSA drylands can be found in western, 
eastern and southern Africa, where woody vegetation is 
already well characterized as dry forests, woodlands or 
savannahs, depending on the region (Timberlake et al. 2010). 
Climate variations in the three regions display similarities but 
also differences (Hulme 1996) as reported by Salack et al. 
(2016) in West African drylands; Camberlin et al. (2009) in 
eastern Africa; and Crétat et al. (2012) in southern Africa. 
Broadly speaking, SSA drylands can be defined by an aridity 
index (AI = mean annual precipitation / mean annual potential 
evapotranspiration) ranging between 0.03 and 0.65 (Zomer 
et al. 2008). However, because neither hyper-arid zones (AI 
of < 0.03) nor arid zones (0.03 < AI < 0.20) can support crop 
and livestock production and are very sparsely populated by 
trees, these zones are not relevant for this particular study on 
food security. We consequently narrowed our investigations 
to an area characterized by an AI of between 0.2 and 0.65 
covering semi-arid and dry sub-humid zones. This choice is 
not only ecologically coherent but is also linked to the issues 
of access to resources and food security.

Regardless of the region, climate anomalies can affect 
the cropping season and disrupt food production through 
fluctuations in seasonal temperatures and precipitation and 
the uncertainty of both the quantity and timing of water 
availability: low total rainfall, delayed onset of the rains, 
unexpected drought periods during the rainy season, drought 
at the end of the rainy season, but also floods. However, when 
it comes to food security issues, a distinction needs to be 
made between the ‘lean season’ or the ‘food shortage period’ 
that affects the most vulnerable people almost every year and 
a ‘food crisis’, which is often linked to a drought event, like 

in the Sahel (1972–73, 1983–84, 2008, 2011) and affects most 
people, although less frequently.

Our review was mainly based on the identification of 
relevant scientific papers using the search engine “Google 
Scholar”. Many key words are used to describe tree resources 
associated with diet in drylands. They may be related to trees, 
e.g. savanna, woodlands, forest, but also to nature and the 
wild. We combined these key words with those found in the 
literature on food security and adaptation to climate change. 
The search string used was (“tree” OR “woodland” OR “park-
land” OR “savanna” OR “miombo” OR “forest” OR “nature” 
OR “wild” ” OR “NTFP”) AND (“food security” OR “nutri-
tional security” OR “dietary diversity” OR “dietary intake” 
OR “diet” OR “food” OR “fruits”) AND (“coping strategies” 
OR “drought” OR “adaptive strategies” OR “vulnerability” 
OR “climate change” OR “climate variability” OR “food 
shortage” OR “famine” OR “safety net” OR “income” OR 
“market”). Based on these criteria, a total of 278 articles were 
downloaded and analyzed. We first ranked them by analyzing 
the title and the abstract of all 278 papers. We then selected 
150 articles that specifically address the contribution of 
tree resources to food and nutrition security in SSA drylands. 
After reading these 150 papers, we selected 110 that were 
clearly focused on our review topic (Table 1). 

In each of the 110 papers, we investigated: (i) the nature 
of the contribution of tree resources to people’s diets accord-
ing to the four pillars of food security (availability, utilization, 
stability, access) (table 2); (ii) the stakeholders concerned by 
the study; (iii) the landscape elements people used to gather 
tree resources for food consumption or to generate income to 
purchase food; (iv) the evidence provided and the evidence 
that would have been useful to better understand the coping 
strategies used to face food insecurity.

FIGURE 1 Pathways between wild trees and food and nutritional security (in dark gray the pathways that are the core of the 
review)



68    C.K. Koffi et al.

We added other papers not identified by the Google search 
string but that we found useful: (1) scientific reviews focused 
on a more global geographical level than SSA drylands or a 
more global analysis of food security in SSA drylands than 
the contribution of trees; (2) papers on neighboring topics 
such ecosystem regulation services provided by trees; (3) 
papers highlighting some processes at play in the relationship 
between the wild tree resources and food and nutrition secu-
rity, for example, power relationships in access to tree food 
resources.

THE CONTRIBUTION OF TREE RESOURCES TO 
FOOD AND NUTRITION SECURITY: MAIN RESULTS 
AND TRENDS

Tree resources contribute to food security by 
providing a supplement to staple food all year long 
(pillar: availability)

In SSA drylands, staple foods like cereals (maize, sorghum, 
millet, rice) and in rare cases, tubers, ensure the supply of 
essential energy to rural people, while wild tree resources, 
mainly fruits, seeds and leaves, together with cultivated 
legumes, fruits and vegetables, or livestock provide the ingre-
dients for the sauces that accompany staple foods and snacks 
(Greffeuille and Mouquet Rivier 2010, Bricas and Akindès 
2012).

Tree resources are significant sources of food as dietary 
supplements throughout the year, in addition to the other 
foods that make up the diet, rather than as substitutes for the 
diet (Zinyama et al. 1990, Johns and Kokwaro 1991, Lamien 
et al. 1996, Shava 1999, Mertz et al. 2001, Lykke et al. 2002, 
Shackleton et al. 2002, Cocks and Wiersum 2003, Twine et al. 
2003, Mojeremane and Tshwenyane 2004, Msola 2007, 
Kalaba et al. 2008, Ekesa et al. 2009, Guigma et al. 2012, 
Pouliot 2012, Njana et al. 2013, Boedecker et al. 2014, 

Rowland et al. 2015). Most edible tree products are eaten as 
part of the normal diet, rather than because nothing else is 
available. Rural households use different tree resources to 
meet their daily food needs (Shackleton and Shackleton 
2004), including leaves, roots, nuts, seeds and fruits. These 
resources are consumed either raw or cooked or are dried and 
stored for future consumption.

Dried or fresh leaves, fresh or processed fruits provide the 
basis for the sauces and condiments that accompany the staple 
foods, depending on the season. In the season when the trees 
produce fruits and leaves, the sauces may be more diverse 
than in the dry season (Savy et al. 2006). However throughout 
the year, combined with some vegetables that may also be 
dried such as gombo, Corchorus spp. or Hibiscus spp., a 
limited number of tree products are essential components of 
the sauce, like baobab leaves or Parkia biglobosa seeds for 
West Africa (Mertz et al. 2001), Strychnos madagascariensis 
and Sclerocarya birrea fruits in South Africa (Shackleton 
et al. 2000). In addition to their contribution to sauces and 
condiments, people eat tree products as snacks between their 
main meals, when walking between two places, collecting fu-
elwood, herding livestock (Njana et al. 2013), or children on 
their way to school (Ogle and Grivetti 1985).

When farmers spare standing trees in their fields in 
SSA drylands, in many cases, it is because they use the trees 
are a source of food (Faye et al. 2010, Okiror et al. 2012, 
Kehlenbeck et al. 2013). In Boulgou province in south-
eastern Burkina Faso, wild vegetables (mainly provided by 
three trees) account for between 35% and 59% of total vege-
table consumption (Mertz, Lykke, et Reenberg 2001). In this 
province of Burkina Faso, the main source of edible fats and 
oil is the fruit of the Shea tree (Vitellaria paradoxa) (Okafor 
1980, Pouliot 2012). In Tanzania, although only 3% of food 
items consumed are wild foods obtained from the bush, 15% 
of items consumed are wild species, mostly foraged on farm-
land (Powell 2012). In rural Zimbabwe, tree resources are 
part of a basket of natural resources used to supplement staple 
food in periods of food shortage (Mithöfer and Waibel 2003). 

As a result of the importance of some wild tree products 
in food security and nutrition in SSA drylands, the pressure 
on them is increasing despite some evidence for an increase 
in the woody cover in these regions (Hiernaux et al. 2009, 
Brandt et al. 2017). Except for baobab trees that are being 
increasingly planted in the champs de case so that their tenure 
is secure, rights of access and rights of use of agroforestry 
products are becoming more and more restricted, particularly 
in the agroforestry parkland areas in the western and eastern 
SSA drylands (Rocheleau and Edmunds 1997, Rousseau 
et al. 2016).

Tree resources contribute to food security in periods of 
food shortage (pillar: stability)

In addition to the microclimatic effects of trees and the 
soil-tree-crop interactions that increase crop production in 
agroforestry parklands (Sileshi et al. 2007 for the Miombo 
eco-region; Asfaw et al. 2015 for Malawi; Bayala et al. 2015 
for the West African Sahel; Sida et al. 2018 for the Central 

TABLE 1 Distribution of the 110 selected papers according 
to the region of SSA

SSA regions Number of relevant papers

Southern Africa 41

Eastern Africa 35

Western Africa 26

The SSA as a whole  8

TABLE 2 Distribution of the 110 selected papers according 
to the four pillars of food security (some papers deal with 
more than one pillar)

Food security pillars Number of relevant papers

Availability 31

Utilization 30

Access 39

Stability 30
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Rift Valley in Ethiopia; Kuyah et al. 2019 for a meta-analysis 
on SSA), tree products contribute directly to food security 
in periods of food shortage (usually the end of the dry season 
and the wet season in the three SSA drylands. In these 
periods, tree food resources are generally abundant, with 
fresh fruits and leaves that serve as a buffer in difficult food 
conditions, such as in the case of crop failure (Harris and 
Mohammed 2003, Musinguzi et al. 2006). Tree food resources 
are all the more important for the diets of people living in SSA 
drylands because they are available in the lean season before 
people’s granaries are filled with the yield of new crops 
(Campbell 1986, Vainio-Mattila 2000, Faye et al. 2010, Atato 
et al. 2011, Mwema et al. 2012, Powell 2012, Poole et al. 
2016). During periods when rural households have limited or 
no stocks of food (Chileshe 2005, Lamien et al. 2005), tree 
resources play a significant role in food security particularly 
for the poor (Guinand and Lemessa 2000, Fentahun and 
Hager 2009, Feyssa et al. 2011, Chakona and Shackleton 
2019).

In the lean season, tree food resources are generally only 
eaten as a supplement and as a source of food diversity, and 
not as a substitute for staple food. Among the 110 papers we 
examined, none clearly stated that tree food resources are 
consumed as substitutes for staple food crops during the 
annual lean season. Only two mentioned that households 
reported consuming resources from the dry forest as substi-
tutes for crops during food shortage periods (Corkill 1949, 
Fisher et al. 2010) but the resources were wild yams, which is 
not a tree food resource, as also reported by Mortimore (1989: 
74). In regions where food trees such as Ficus spp. are 
common in the cropping areas for cultural reasons, they can 
be used a substitute for staple foods in the case of famine. 
In northern Cameroon, Seignobos (1989) and Dury (1997) 
reported that Ficus spp. represented a reserve of fruits that 
were converted into porridge in lieu of cereals in periods of 
food shortage.

Otherwise, there is little evidence in the literature for the 
use of wild tree food as a substitute for regular food during 
periods of food shortage. Among the 110 papers analyzed, 
only four compared the consumption of wild food in the lean 
season with that in another season (Campbell 1987, Matiza 
et al. 1988, Powell et al. 2013, Maseko et al. 2017). In a 
village in the low-rainfall area of Zimbabwe, Matiza et al. 
(1988) investigated if wild food consumption differed in 
stress free periods and food shortage periods, and reported 
that less than one-third of the respondents said they increased 
their consumption of wild foods in food shortage periods. 
Again in Zimbabwe, Campbell (1987) found that people 
intentionally selected fruits in periods that are not particularly 
rich in fruit because they needed supplementary foods in 
periods of seasonal food shortages. In Tanzania, Powell et al. 
(2013) suggest that in both the wet and lean season, local 
people make greater use of wild resources (the percentage of 
wild foods from all sources and wild foods from the forest in 
the diet almost doubled), than in the rest of the year, when 
cash is more available and people are able to purchase more 
food items. In rural Malawi, during food insecure periods, 

some children relied to a great extent on wild food, such as 
insects or a mixed dish of wild vegetables as a meal (Maseko 
et al. 2017).

Tree food resources become “famine food” when the food 
shortage period becomes serious (Shackleton and Shackleton 
2004). In rural Namibia, the more a household suffers from 
food insecurity, the more likely it becomes that its members 
will harvest wild fruits as food supplements (Musaba and 
Sheehama 2009). However, the consumption of tree products 
to face food shortage is usually part of a set of on-farm and 
off-farm coping strategies such as reducing the number of 
meals, spending savings and consuming less balanced meals 
(Agyei and Asumadu 2019, Aniah et al. 2019).

Tree resources contribute to food security because they 
increase the dietary quality (pillar: utilization)

Tree resources generally contribute to dietary quality and 
micronutrient intakes (Smith et al. 1996, Powell 2012, 
Boedecker et al. 2014). In the literature on linkages between 
dietary diversity and agricultural biodiversity, tree resources 
are sometimes taken into account when the trees grow in 
agroforestry parkland. Empirical studies (Herforth 2010 in 
Kenya and Tanzania; Powell 2012 in Tanzania; M’Kaibi et al. 
2015 in Kenya; Bellon et al. 2016 in Benin) found a positive 
correlation between agricultural biodiversity and individual 
dietary diversity. However, these studies often combined 
crops, tree resources and wild/semi-wild plants in a single 
indicator, making it difficult to identify the contribution of 
tree resources to improving dietary diversity. In Burkina Faso, 
Lourme-Ruiz et al. (2016) considered agroforestry trees sepa-
rately from crops and found a positive correlation between 
women’s dietary diversity and their consumption of fruits 
and leafy vegetables in May and August when they are ready 
to be eaten. 

In Tanzania, Powell (2012) observed that individuals had 
better dietary diversity and consumed more animal source 
foods and nutrient dense food when they collected food from 
the forest. However, Powell reported that forest foods and 
wild foods provided only a small proportion of nutrients in the 
diet because they are rarely consumed. However, when these 
foods are consumed, they represent a significant source of 
protein, vitamin A and C, iron or calcium. Individuals who 
used foods from SSA dry forest and other woody land had 
more nutrient dense diets. For example, households located 
in more forested areas have improved vitamin A intake 
compared to households in areas with less forest cover in 
Malawi (Johnson et al. 2013, Hall et al. 2019) and in Tanzania 
(Powell et al. 2011).

Indeed, several studies in SSA drylands showed that tree 
products increase dietary diversity and provide considerable 
quantities of nutrients to rural people. These include the fruits 
of Lannea microcarpa (Achaglinkame et al. 2019), Uapaca 
kirkiana (Chivandi et al. 2015), Azanza garckeana, Parinari 
curatellifolia, Gardenia erubescens, Diospyros mespiliformis, 
Balanites aegyptiaca (Achaglinkame et al. 2019), Parkia 
biglobosa (Bayala et al. 2014, Vinceti et al. 2018), Lannea 
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microcarpa, Saba senegalensis (Bayala et al. 2014), Vitellaria 
paradoxa (Bayala et al. 2014, Vinceti et al. 2018), Borassus 
aethiopum, Ziziphus spp., the leaves and fruits of Adansonia 
digitata (Bayala et al. 2014, Boedecker et al. 2014, Chivandi 
et al. 2015, Vinceti et al. 2018), and the flowers of Bombax 
costatum. This is particularly true of children (Shackleton 
et al. 2005) who often consume them as snacks (Corkill 
1949) on their way to school (Ogle and Grivetti 1985) or 
when herding livestock (Njana et al. 2013). The consumption 
of tree food resources improve dietary diversity and supply 
nutrients (vitamin C and sugar among others) of rural people 
and is particularly important during food shortage periods 
(Vivero-Pol et al. 2002, Loki and Ndyomugyenyi 2016).

However, although there is evidence that wild fruits and 
wild vegetables in SSA drylands are nutritionally rich (Glew 
et al. 1997, Msuya et al. 2008), there is also sociological 
evidence that they are consumed mainly because they are 
sweet rather than for their nutritional value (Shava 2000, 
Lykke et al. 2002, Simitu 2011, Moombe et al. 2014), or as 
processed products such as juices and alcoholic beverages 
(Shackleton et al. 2005, Musinguzi et al. 2006). In general, 
rural people have limited knowledge of the nutrient content of 
the tree food resource (Musinguzi et al. 2006), even if some 
elders recognise that they kept them healthy and long-living 
(Shava 1999). However, in some cases, the nutritional values 
of tree resources appear to be recognized. For example, 
Campbell (1987) reported that in rural Zimbabwe, when 
people were asked why they ate wild fruits, the respondents 
mostly said for their nutritional value (61%) and/or because 
they taste good (52%).

In addition to increasing the quality of the diet, tree 
resources are also indispensable as fuel for cooking (Gazull 
and Gautier 2015, Vira et al. 2015, Sharma et al. 2016) and 
the availability of woodfuel is a crucial part of nutritional 
transformation (Koffi et al. 2018). Woodfuel shortages can 
have negative nutritional effects, since efforts to economize 
on the use of wood can lead to a shift to less nutritional foods 
that need less woodfuel to cook.

Tree resources contribute to food security as a source 
of direct dietary improvement or as a source of income 
to purchase food (pillar: access) 

In SSA drylands, almost all household members (men, 
women and children) and all types of households are involved 
in the collection, consumption and/or trading of tree resources 
to generate income and ensure food security. However, the 
social perception of collecting and processing tree resources 
is usually that these are activities for the poor and for women 
(Kiptot and Franzel 2012). Preparing the condiments to 
accompany the staple dish is also considered to be a women’s 
responsibility. However, men also play an important role 
in the contribution of forest resources to rural livelihoods 
(Sunderland et al. 2014), which, in turn, helps buy staple 
food, improves the diet, particularly in the shortage period 
and for the poor for whom the shortage period can be longer 
than for other households. Some studies also highlighted sales 
of wild foods by children in Ethiopia (Balemie and Kebebew 

2006) and South Africa (McGarry and Shackleton 2009), 
where it appears to be particularly significant for vulnerable 
children.

Contribution to improving the diet 
When it comes to improving the household diet, the impor-
tance of collecting tree resources varies with gender, age 
and health status, as demonstrated by our review. In our 
experience, it is unusual for men of any age, even those who 
wish to emancipate themselves from the farm household, 
to be involved in gathering wild tree products for household 
consumption. As far as food is concerned, their responsibility 
is limited to procuring staple food (Gausset et al. 2005). They 
may be involved in gathering woodfuel, fodder, gum arabic, 
resins, but except in the case of serious famine, rarely in 
collecting tree food.

The fact that women collect and process tree resources for 
their own family diet is much better documented in the litera-
ture. Women usually collect tree resources as a contribution 
to diet mostly in agroforestry parklands, where they have 
secured access to trees and, to a lesser extent, in fallows 
(Powell et al. 2013, Rousseau et al. 2016). Women may 
happen to collect some tree resources in woodlands when 
gathering wood. The collection of wild resources is important 
for their family’s food diversification when the wild food is 
included in the sauces, and even more so when the lean period 
is severe. But it is also important for their livelihoods, as 
demonstrated by their involvement in collecting wild fruits in 
SSA drylands: in Sudan, in Rashad locality, all collectors of 
Ziziphus spina-christi fruit are women (Adam and Pretzsch 
2010); in rural Burkina Faso, women are still the only family 
members involved in collecting and trading Vitellaria 
paradoxa fruits despite the globalization of the shea nut trade 
(Pouliot 2012, Rousseau et al. 2016); in northern Benin, 
women are also the main collectors and sellers of shea nuts 
(Schreckenberg 2004); in northern Ghana, women are the 
main actors involved in shea and locust bean collection, 
processing and sale (Poudyal 2009); and in Zimbabwe, 
women collect and sell indigenous fruit tree products to 
purchase household goods (Mithöfer and Waibel 2003). The 
income obtained by collecting and processing tree resources 
helps women diversify the household diet through market 
purchases, but also engage in expenses for their children’s 
education and health care. In some cases, they can use 
the income from these sources to buy some staple foods 
(normally done by men) when staples become scarce during 
the lean period (Koffi et al. 2016). In rural South Africa, tree 
resources were shown to contribute more to the total house-
hold income in households headed by women than those 
headed by men (Clarke et al. 1996, Shackleton et al. 2007).

Children often help women collect and trade tree products 
and wild foods in general, e.g. in rural Ethiopia (Guinand 
and Lemessa 2000, Feyssa et al. 2011, Worku et al. 2011), in 
northern Nigeria (Harris and Mohammed 2003), in Botswana 
(Legwaila et al. 2011), in rural Malawi (Maseko et al. 2017), 
in rural South Africa (Dovie et al. 2002, Cocks and Wiersum 
2003), and in rural Zimbabwe (Campbell 1987, Maroyi 2011). 
Dovie et al. (2002) also confirmed that the more female adults 
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and children there are in a household, the greater the value of 
the woodland resource products, e.g. wild fruits, collected.

Finally, and even though not very well documented to 
date, our own field knowledge in the West African drylands 
leads us to consider that the household members who make 
the best use of tree resources by eating wild fruits or collect-
ing and selling them are children on their way to school, 
on their way to the field or when herding. In so doing, they 
supplement their diets in proteins and vitamins (Shackleton 
et al. 2002). Only a few examples exist of the impact of 
this supplementation because it is complicated to survey 
children’s food intake when there are outside their homes, to 
assess the quantity of wild food they have eaten and the diet 
supplementation their obtain in this way. Some evidence does 
however exist confirming schoolchildren’s use of edible wild 
food while walking long distances from their home to their 
school as they pass through different landscape elements on 
their way (Ogle and Grivetti 1985). This “free access” to food 
by nutritionally vulnerable groups (McGarry and Shackleton 
2009) is crucial to balance certain deficiencies, as dietary 
diversity was shown to increase significantly when children 
consumed wild food. The linkages between children’s free 
access to wild food and its impact on their nutritional balance 
requires further food security research.

This free access of vulnerable groups to food during a 
growth stage or during a crisis is important and is generally 
tolerated and accepted by local social norms and rules in 
different parts of the landscape. However, it can be hindered 
by specific social and economic factors. For instance, in South 
Africa, the impact of HIV/AIDS on the use of wild foods is 
ambivalent. Some studies suggest that it leads to an increase 
of the use and/or trade, of wild foods because less labor 
is available to cultivate the fields (Shackleton et al. 2006, 
McGarry and Shackleton 2009, Ncube et al. 2016); others 
that it reduces the use of wild food due to labor shortages and 
social stigma (Kaschula 2008). 

Contribution to income generation from tree resources to 
purchase food
Tree resources in SSA drylands contribute significantly to 
income generation by rural households. Trade in non-timber 
forest products (NTFPs) is profitable when the formal market 
value of the products is significantly higher than their direct 
use value (Sardeshpande and Shackleton 2019). For example, 
in the Eastern Cape, South Africa, Roland and Oyelana (2014) 
showed that about 50% of the people extracted products for 
the purpose of income generation. In SSA drylands, house-
holds that sell tree products may earn 10% to 40% of their 
income from these products (Shackleton and Shackleton 2006 
in the Kat River In South Africa; Akinnifesi et al. 2007 in 
South Africa; Bwalya 2011 in Zambia; Mulenga et al. 2011 in 
Zambia; Walelign and Nielsen 2013 in Mozambique; Worku 
et al. 2014 in south-eastern Ethiopia; Suleiman et al. 2017 in 
northern Nigeria).

Richer households obtain relatively more money from the 
sale of forest products than poorer households. Richer house-
holds often target high-value forestry activities such as trade 
in hardwood timber, while poor households often specialize 
in labor intensive and low-value forest products involving 

gathering and selling wild fruits (Bwalya 2011 in Zambia; 
Ouedraogo and Ferrari 2015 in Burkina Faso).

However, it is now well established that tree resources 
help reduce poverty in SSA drylands especially among the 
poorest (Fisher 2004, Mamo et al. 2007, Shackleton et al. 
2007, Tschakert 2007, Babulo et al. 2008, Shackleton et al. 
2008, Yemiru et al. 2010, Worku et al. 2014, Djoudi et al. 
2015). Poor households are the most dependent on income from 
tree resources (Cavendish 2000 in Zimbabwe; Hautdidier and 
Gautier 2005 in Mali; Shackleton and Shackleton 2006 in 
south Africa; Kamanga et al. 2009 in Malawi; Mulenga et al. 
2012 in Zambia; Neudeck et al. 2012 in Botswana) and in 
some cases, tree resources may be their primary source 
of income, and up to 40% of their total income when they 
specialize in wood extraction and sale, charcoal making, 
fodder, etc. 

Households in rural areas in SSA drylands generate 
income from tree resources in both times of plenty and 
periods of food shortage, but few authors provide evidence for 
a clear link between the income generated by tree resources 
and food purchases. In the Borana region in Ethiopia, 
Abdulla (2013) showed that cash income from tree resources 
mainly supports current food consumption. Income generated 
from the sale of marula – Sclerocarya birrea – fruits in rural 
South Africa (Shackleton and Shackleton 2005) and from the 
sale of Adansonia digitata fruits, Ziziphus spina-christi fruits 
or Balanites aegyptia fruits in the savanna zone in South 
Kordofan State in Sudan (Adam et al. 2013) is also used to 
purchase food items to supplement the household diet.

These studies are clearly linked to the household’s wealth 
level or to gender. Indeed, women’s interest in trees focuses 
on their use-value for the household, such as finding the 
ingredients for the sauce accompanying meals in addition 
to generating income to pay for the children’s education, 
health care and the daily domestic tasks such as feeding the 
household. In some cases, their social marginalization makes 
it more difficult for them to sell tree resources to purchase 
commodities, including food (Hyder et al. 2005). In addition, 
the actual use of the income derived from the sale of tree 
products is not always specified, but there is a strong assump-
tion that women use it to buy food items for the family 
(Adedayo et al. 2010). In rural Mali, women spent their 
income from parkland trees on food, clothing, and children’s 
school fees, while men used their income to cover wedding 
expenses, purchase agricultural equipment, and repair or 
purchase means of transport (Faye et al. 2010). 

Concerning the contribution of income generated by the 
sale of tree resources to food security, only one paper out of 
110 evaluated the caloric needs of people and stated that those 
who collected and sold tree resources enjoyed more food 
security than those who did not (Ibrahim et al. 2015). Other-
wise, we found no peer reviewed papers that clearly addressed 
this issue by considering the use of income from the sale of 
tree resources to improve dietary diversity and nutrition in a 
“regular” climate season. Although several studies in SSA 
drylands reported that income generated from the sale of tree 
resources was used to buy food items and to supplement diet, 
none listed the food items purchased. 
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More papers documented income generation from trees 
growing in SSA drylands to buy food as an adaptive strategy 
to cope with food insecurity and malnutrition during periods 
of food shortage. Trading tree resources does not usually 
require a financial commitment and is thus particularly 
appropriate for the poor. Tree resources like gum arabic, resin 
(Worku et al. 2011), wood as fuel (fuelwood and/or charcoal) 
(Mamo et al. 2007, Koffi et al. 2016, Amakye 2017), shea 
nuts (Koffi et al. 2016) are sold in food shortage periods to 
purchase food items. This strategy is most widespread among 
the poor. In rural Malawi, poor households with no opportuni-
ties for a short term labor contract are most likely to trade 
forest-based items to obtain cash to buy food in periods of 
food shortage (Fisher, Chaudhury, and McCusker 2010).

The availability of tree resources in the surrounding 
landscape and the rights of access to – and the use of – these 
resources determine the best strategy used to cope with 
food insecurity. According to Koffi et al. (2016), during the 
food shortage period in 2012 that followed the dramatic rainy 
season in 2011 in Burkina Faso, depending on the landscape 
surrounding their village, poor households either cut wood 
or collected shea nuts to sell them in the market and buy 
cereals for household consumption. Tree resources were their 
primary source of income and the income was significantly 
higher than the income they obtained from tree resources 
during stress-free periods. 

Despite the key contribution of income from tree resources 
to the purchase of food during food shortage periods, com-
parisons between this income and the budget dedicated to 
food purchases are lacking. Whether this source of income 
can buy enough food and maintain household food security in 
terms of per capita daily caloric intake is also insufficiently 
documented. Among the 110 papers we analyzed, none 
demonstrated that the income from tree resources sales was 
sufficient to purchase the food required to cover rural people’s 
food needs during food shortage periods, nor compared the 
food security level of households who sold tree resources to 
buy food with that of those who did not.

It is also worth mentioning that the coping strategy of sell-
ing tree resources to buy food during the food shortage period 
can also affect people negatively. In north-west Namibia for 
example, Galloway et al. (2016) demonstrated that some 
households spent their income from the sale of tree resources 
to buy modern foods that are rich in fats and sugars or highly 
processed. These food purchases may increase the risk of 
diabetes, high blood pressure and cardiovascular diseases. 
This coping strategy is closely linked to the dynamics of the 
surrounding landscape and the tree resources present in the 
landscape. What is more, it can be challenged by competition 
between stakeholders. In the context of globalization, some 
tree resources may be grabbed by people who take advantage 
of a valuable market for industrial enterprises to trade or to 
supply cities with woodfuel or food (Rousseau et al. 2019).

Access rights, land tenure and tree tenure
Considering the accessibility dimension of indigenous tree 
resources leads to the conclusion that local people benefit 
more from tree products if they have right of access to these 

products (Ribot 2003). This study highlights the importance 
of considering rights of access to and rights to the use of 
tree resources to ensure food and nutritional security in SSA 
drylands. To date, few studies account for the landscape 
dimension and related stakeholders’ rights of access to land-
scape elements and access to and use of tree products for food 
in SSA drylands. The processes behind the definition of these 
rights of access according to the type of landscape element 
and the choice to use tree products for diet improvement are 
poorly documented.

Some tendencies are revealed in the literature. In both 
formal and customary law, rights to trees may not match 
rights to the land on which trees grow (Bruce and Fortmann 
1989, Chambers and Leach 1989). Physical access to tree 
resources depends on the location of trees in the landscape 
(Lamien and Vognan 2001, Coulibaly-Lingani et al. 2009, 
Adedayo et al. 2010), gender (Lamien and Vognan 2001, 
Coulibaly-Lingani et al. 2009, Adedayo et al. 2010, Gautier 
et al. 2019), ethnicity (Coulibaly-Lingani et al. 2009) and 
wealth (Bwalya 2011, Ouedraogo and Ferrari 2015). The 
rules of access to tree resources do not favor the use of these 
resources by the households that most need to address food 
insecurity. Generally, these households are the poorest, both 
financially and in terms of asset ownership. The rules of 
access to tree resources partly depend on the nature of the 
ecosystem or related landscape element. They are generally 
not the same in fields, fallow, savannah and in State forests. 
In State forests, the law is supposed to be the same for all. In 
practice, men dominate the exploitation of tree resources in 
these State forests because they have more time and financial 
resources to obtain an exploitation permit than women 
(Adedayo et al. 2010). In the African savannas, access is gen-
erally considered to be free by local people and stakeholders 
can collect the dead wood and fruits (Heubach et al. 2011). In 
fallow, access is much less restrictive than in cultivated fields. 
However, when tree resources are scarce, access to fallow is 
often forbidden. For migrants whose fallow lands have been 
loaned to them by autochthons, the migrants often do not have 
the right to collect the fruits of some trees in their fields 
(Poudyal 2009). In fields where the most important trees are 
protected by the households, access is prohibited. Only the 
owner of the field has the right to use and dispose of the trees 
in the field (Schreckenberg 1999, Poudyal 2009). In SSA 
drylands, households with less arable land per capita produce 
less food and are more likely to face food insecurity due to 
climate variability. To cope with food insecurity, they some-
times circumvent the restriction on access to fields belong to 
others through theft. Some will wake up very early in the 
morning to try to obtain some tree products in the fields. But 
their practices often lead to conflicts with the holders of rights 
to the resource. At the household level, women do not always 
have secure access to the trees in their own households’ fields 
(Adedayo et al. 2010) and men may retain exclusive control 
over some trees (Coulibaly-Lingani et al. 2009). As women 
play a central role in the use of tree products to address 
food insecurity, this is a constraint that needs to be tackled 
(Fortmann and Rocheleau 1985, Rocheleau and Edmunds 
1997).
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CONCLUSION

In sub-Saharan African drylands, tree resources are important 
for household food security, more particularly for dietary 
diversity, for all the household members but particularly for 
children. In these regions, trees provide foods that contain 
important nutrients for direct consumption. They also provide 
products that can be sold to buy staple food or missing condi-
ments. Gathering, processing and selling tree resources are 
among the adaptive strategies used to face food insecurity. 
Women and children are the most actively involved in the 
collection and sale of tree products and women are more 
likely to use the income they make from selling tree resources 
to purchase food items for their household. Under several 
ongoing global processes including (i) climate change; (ii) 
population growth with an associated increase in the demand 
for food for urban populations and for croplands; (iii) world 
demand for some key food resources like shea nuts, pressure 
on tree resources is increasing and the rights of access to 
them are changing. These rights of access to and use of tree 
resources increasingly depend on the social status and the 
socioeconomic characteristics of the households and on the 
status of women within the household. These rules often fail 
to benefit the poor, or migrants, who are generally the most 
dependent on wild tree resources for their food security, 
particularly in periods of shortage. As SSA dryland land-
scapes are becoming increasingly dominated by agroforestry 
parklands with more restricted rights of access to trees, it is 
important that future research focuses on: (i) how children 
compensate for the loss of wild fruits that have disappeared 
with the clearing of woodlands and scarcity of fallows in 
terms of nutrients; (ii) how women who have restricted access 
to agroforestry parklands manage to diversify their diet, 
particularly during the food shortage period; (iii) and how 
households use income from the sale of woodlands products 
(woodfuel, fodder or wild fruits) to buy food. To tackle these 
research goals, we argue that despite the complexity of rights 
of access to trees, the food access pillar has not been suffi-
ciently studied to understand the socio-economic and power 
relations at play in a context of rapidly changing landscapes. 
A secured access to food trees for nutritionally vulnerable 
groups seems vital to offset certain deficiencies by increasing 
dietary diversity. An approach based on rights of access to 
food security would help to tackle the root causes of food 
deficiency in different social groups. Furthermore, in the light 
of existing patterns of access to tree food for different stake-
holders, for instance children, an intersectional approach that 
takes age, sex, ethnicity and wealth into consideration would 
benefit food security research, through a more targeted and 
differentiating approach based on existing rights of access 
and the roles of different members of the community. This 
needs to be reflected also in the way different disciplines are 
interconnected in the food security research to better under-
stand the underlying processes at run in the definition of each 
stakeholders’ rights of access to tree resources and the way 
income generated by tree resources sale contributes to food 
and nutritional security. It means a relevant theoretical and 
empirical background that has the potential to insert social 
relations and dynamic in studies on food and nutritional security.

REFERENCES

 ABDULLA, A.M. 2013. Contribution of non-timber forest 
products to household food security: the case of Yabelo 
Woreda, Borana Zone, Ethiopia. Food Science and Quality 
Management 20: 110–119.

 ACHAGLINKAME, M.A., ADERIBIGBE, R.O., HENSEL, 
O., STURM, B. and KORESE, J.K. 2019. Nutritional 
Characteristics of Four Underutilized Edible Wild Fruits 
of Dietary Interest in Ghana. Foods 8(3): 104.

 ADAM, Y.O. and PRETZSCH, J. 2010. Contribution of local 
trade in Ziziphus spina-christi L. fruits to rural house-
hold’s economy in Rashad Locality, Sudan. FORESTRY 
16(1): 39.

 ADAM, Y.O., PRETZSCH, J. and PETTENELLA, D. 2013. 
Contribution of Non-Timber Forest Products livelihood 
strategies to rural development in drylands of Sudan: 
Potentials and failures. Agricultural Systems 117: 90–97.

 ADEDAYO, A.G., OYUN, M.B. and KADEBA, O. 2010. 
Access of rural women to forest resources and its impact 
on rural household welfare in North Central Nigeria. 
Forest Policy and Economics 12(6): 439–450.

 AGYEI, J. and ASUMADU, G. 2019. Food Security and 
Livelihoods Implications for Households left behind in the 
Northern Savanna Agro-ecological Zone in Ghana. Inter-
national Conference on Applied Science and Technology 
Conference Proceedings.

 AKINNIFESI, F.K., AJAYI, O., SILESHI, G., CHIRWA, 
P.W. and CHIANU, J. 2011. Fertiliser trees for sustainable 
food security in the maize-based production systems of 
East and Southern Africa. Sustainable Agriculture 
Volume 2, Springer: 129–146.

 AKINNIFESI, F.K., AJAYI, O.C., SILESHI, G., KADZERE, 
I. and AKINNIFESI, A.I. 2007. Domesticating and com-
mercializing indigenous fruit and nut tree crops for food 
security and income generation in Sub-Saharan Africa.

 AMAKYE, S. 2017. Coping with household food insecurity 
during the lean season: strategies employed by smallholder 
farmers in Navrongo, Ghana. Bergen, Norway, The Uni-
versity of Bergen. Master of Philosophy in Development 
Geography: 126.

 ANGELSEN, A. and WUNDER, S. 2003. Exploring the 
forest-poverty link: Key concepts, issues, and research 
implications. Center for International Forestry Research, 
Bogor, Indonesia CIFOR occasional paper (40).

 ANIAH, P., KAUNZA-NU-DEM, M.K. and AYEMBILLA, 
J.A. 2019. Smallholder farmers’ livelihood adaptation to 
climate variability and ecological changes in the savanna 
agro ecological zone of Ghana. Heliyon 5(4): e01492.

 ASFAW, S., MCCARTHY, N., LIPPER, L., ARSLAN, A., 
CATTANEO, A. and KACHULU, M. 2015. Climate vari-
ability, adaptation strategies and food security in Malawi.

 ATATO, A., WALA, K., BATAWILA, K., LAMIEN, N. and 
AKPAGANA, K. 2011. Edible wild fruit highly consumed 
during food shortage period in Togo: State of knowledge 
and conservation status. Journal of Life Sciences 5: 1046–
1057.



74    C.K. Koffi et al.

 BABULO, B., MUYS, B., NEGA, F., TOLLENS, E., NYS-
SEN, J., DECKERS, J. and MATHIJS, E. 2008. House-
hold livelihood strategies and forest dependence in the 
highlands of Tigray, Northern Ethiopia. Agricultural 
Systems 98(2): 147–155.

 BALEMIE, K. and KEBEBEW, F. 2006. Ethnobotanical 
study of wild edible plants in Derashe and Kucha 
Districts, South Ethiopia. Journal of Ethnobiology and 
Ethnomedicine 2(1): 53.

 BARO, M. and DEUBEL, T.F. 2006. Persistent hunger: Per-
spectives on vulnerability, famine, and food security in 
sub-Saharan Africa. Annu. Rev. Anthropol. 35: 521–538.

 BASSETT, T.J., BLANC-PAMARD, C. and BOUTRAIS, J. 
2007. Constructing Locality: The Terroir Approach in 
West Africa. Africa 77(1): 104–129.

 BAYALA, J., SANOU, J., TEKLEHAIMANOT, Z., KALIN-
GANIRE, A. and OUÉDRAOGO, S. 2014. Parklands 
for buffering climate risk and sustaining agricultural 
production in the Sahel of West Africa. Current Opinion 
in Environmental Sustainability 6: 28–34.

B AYALA, J., SANOU, J., TEKLEHAIMANOT, Z., OUE-
DRAOGO, S.J., KALINGANIRE, A., COE, R. and 
VAN NOORDWIJK, M. 2015. Advances in knowledge 
of processes in soil–tree–crop interactions in parkland 
systems in the West African Sahel: A review. Agriculture, 
Ecosystems & Environment 205: 25–35.

B ELLON, M.R., NTANDOU-BOUZITOU, G.D. and CAR-
ACCIOLO, F. 2016. On-farm diversity and market par-
ticipation are positively associated with dietary diversity 
of rural mothers in Southern Benin, West Africa. PloS one 
11(9): e0162535.

B OEDECKER, J., TERMOTE, C., ASSOGBADJO, A.E., 
VAN DAMME, P. and LACHAT, C. 2014. Dietary contri-
bution of Wild Edible Plants to women’s diets in the buffer 
zone around the Lama forest, Benin–an underutilized 
potential. Food Security 6(6): 833–849.

B OHLE, H.G., DOWNING, T.E. and WATTS, M.J. 1994. 
Climate change and social vulnerability: toward a sociol-
ogy and geography of food insecurity. Global environ-
mental change 4(1): 37–48.

B RANDT, M., RASMUSSEN, K., PEÑUELAS, J., TIAN, F., 
SCHURGERS, G., VERGER, A., MERTZ, O., PALMER, 
J.R.B. and FENSHOLT, R. 2017. Human population 
growth offsets climate-driven increase in woody vegeta-
tion in sub-Saharan Africa. Nature Ecology & Evolution 
1(4): 0081.

BR ICAS, N. and AKINDÈS, F. 2012. Afrique de l’ouest. 
Dictionnaire des cultures alimentaires. J.-P. Poulain. 
Paris, PUF: 21–30.

BRU CE, J.W. and FORTMANN, L. 1989. Agroforestry: Ten-
ure and incentives. L. P. N°135. Madison, WI, University 
of Wisconsin, Land Tenure Center.

BWAL YA, S.M. 2011. Household dependence on forest 
income in rural Zambia. Zambia Social Science Journal 
2(1): 6.

CAMB ERLIN, P., MORON, V., OKOOLA, R., PHILIPPON, 
N. and GITAU, W. 2009. Components of rainy seasons’ 
variability in Equatorial East Africa: onset, cessation, 

rainfall frequency and intensity. Theoretical and applied 
climatology 98(3–4): 237–249.

 CAMPBELL, A. 1986. The use of wild food plants, and 
drought in Botswana. Journal of arid environments 11(1): 
81–91.

 CAMPBELL, B.M. 1987. The use of wild fruits in Zimbabwe. 
Economic botany 41(3): 375–385.

 CASSMAN, K.G. and GRASSINI, P. 2013. Can there be 
a green revolution in Sub-Saharan Africa without large 
expansion of irrigated crop production? Global Food 
Security 2(3): 203–209.

 CAVENDISH, W. 2000. Empirical regularities in the poverty-
environment relationship of rural households: Evidence 
from Zimbabwe. World development 28(11): 1979–2003.

 CHAKONA, G. and SHACKLETON, C.M. 2019. Food inse-
curity in South Africa: To what extent can social grants 
and consumption of wild foods eradicate hunger? World 
Development Perspectives 13: 87–94.

 CHALLINOR, A., WHEELER, T., GARFORTH, C., CRAU-
FURD, P. and KASSAM, A. 2007. Assessing the vulner-
ability of food crop systems in Africa to climate change. 
Climatic change 83(3): 381–399.

 CHAMBERS, R. and LEACH, M. 1989. Trees as savings 
and security for the rural poor. World Development 17(3): 
329–342.

 CHILESHE, R.A. 2005. Land tenure and rural livelihoods 
in Zambia: case studies of Kamena and St. Joseph, 
University of the Western Cape.

 CHIVANDI, E., MUKONOWENZOU, N., NYAKUDYA, T. 
and ERLWANGER, K.H. 2015. Potential of indigenous 
fruit-bearing trees to curb malnutrition, improve house-
hold food security, income and community health in Sub-
Saharan Africa: A review. Food Research International 
76: 980–985.

 CLARKE, J., CAVENDISH, W. and COOTE, C. 1996. Rural 
households and miombo woodlands: use, value and 
management. The Miombo in Transition: Woodlands and 
Welfare in Africa. B. M. Campbell. Bogor, CIFOR: 
pp.101–136.

 COCKS, M.L. and WIERSUM, K.F. 2003. The significance 
of plant diversity to rural households in Eastern Cape 
Province of south Africa. Forests, Trees and Livelihoods 
13(1): 39–58.

 COOPER, P.J.M., DIMES, J., RAO, K.P.C., SHAPIRO, B., 
SHIFERAW, B. and TWOMLOW, S. 2008. Coping better 
with current climatic variability in the rain-fed farming 
systems of sub-Saharan Africa: An essential first step in 
adapting to future climate change? Agriculture, Ecosys-
tems & Environment 126(1): 24–35.

 CORKILL, N.L. 1949. Dietary change in a Sudan village 
following locust visitation. Africa 19(1): 1–12.

 COULIBALY-LINGANI, P., TIGABU, M., SAVADOGO, P., 
ODEN, P.-C. and OUADBA, J.-M. 2009. Determinants of 
access to forest products in southern Burkina Faso. Forest 
Policy and Economics 11(7): 516–524.

 CRÉTAT, J., RICHARD, Y., POHL, B., ROUAULT, M., 
REASON, C. and FAUCHEREAU, N. 2012. Recurrent 
daily rainfall patterns over South Africa and associated 

http://www.ingentaconnect.com/content/external-references?article=0305-750x()17:3L.329[aid=11308269]
http://www.ingentaconnect.com/content/external-references?article=0305-750x()17:3L.329[aid=11308269]
http://www.ingentaconnect.com/content/external-references?article=0305-750x()28:11L.1979[aid=8186909]


The contributions of wild tree resources to food and nutrition security in sub-Saharan African drylands  75

dynamics during the core of the austral summer. Interna-
tional Journal of Climatology 32(2): 261–273.

D AVIES, S. 2016. Adaptable livelihoods: Coping with food 
insecurity in the Malian Sahel, Springer. 334 pp.

D ELVAUX, P.A.G. and PALOMA, S.G. 2018. Access to 
common resources and food security: Evidence from 
National Surveys in Nigeria. Food security 10(1): 121–
140.

D JOUDI, H., VERGLES, E., BLACKIE, R.R., KOFFI, C.K. 
and GAUTIER, D. 2015. Dry forests, livelihoods and 
poverty alleviation: understanding current trends. Interna-
tional Forestry Review 17(2): 54–69.

D OVIE, D.B.K., SHACKLETON, C.M. and WITKOWSKI, 
T.F. 2002. Direct-use values of woodland resources con-
sumed and traded in a South African village. International 
Journal of Sustainable Development & World Ecology 
9(3): 269–283.

D URY, S. 1997. Approche ethnobotanique des figuiers au 
nord du Cameroun. L’homme et le végétal dans le bassin 
du lac Tchad. D. Barreteau, R. Dognin and C. von 
Graffenried. Paris, ORSTOM Editions: 261–287.

EKE SA, B.N., WALINGO, M.K. and ONYANGO, M.O. 
2009. Accesibility to and consumption of indigenous 
vegetables and fruits by rural households in Matungu 
division, western Kenya. African Journal of Food, 
Agriculture, Nutrition and Development 9(8).

FAO , IFAD, UNICEF, WFP and WHO. 2019. The State of 
Food Security and Nutrition in the World (SOFI): Safe-
guarding against economic slowdowns and downturns. 
Rome, FAOpp.

FAY E, M.D., WEBER, J.C., MOUNKORO, B. and DAK-
OUO, J.-M. 2010. Contribution of parkland trees to 
farmers’ livelihoods: a case study from Mali. Develop-
ment in Practice 20(3): 428–434.

FEN TAHUN, M.T. and HAGER, H. 2009. Exploiting locally 
available resources for food and nutritional security 
enhancement: wild fruits diversity, potential and state 
of exploitation in the Amhara region of Ethiopia. Food 
Security 1(2): 207–219.

FEY SSA, D.H., NJOKA, J.T., ASFAW, Z. and NYANGITO, 
M.M. 2011. Seasonal availability and consumption of 
wild edible plants in semiarid Ethiopia: Implications to 
food security and climate change adaptation. Journal of 
Horticulture and Forestry 3(5): 138–149.

FEY SSA, D.H., NJOKA, J.T., ASFAW, Z. and NYANGITO, 
M.M. 2011. Wild edible fruits of importance for human 
nutrition in semiarid parts of east shewa zone, Ethiopia: 
associated indigenous knowledge and implications to 
food security. Pakistan Journal of Nutrition 10(1): 40–50.

FIS HER, M. 2004. Household welfare and forest dependence 
in Southern Malawi. Environment and Development 
Economics 9(2): 135–154.

FIS HER, M., CHAUDHURY, M. and MCCUSKER, B. 2010. 
Do Forests Help Rural Households Adapt to Climate 
Variability? Evidence from Southern Malawi. World 
Development 38(9): 1241–1250.

FOR TMANN, L. and ROCHELEAU, D. 1985. Women and 
agroforestry: four myths and three case studies. Agrofor-
estry Systems 2(4): 253–272.

FRE LAT, R., LOPEZ-RIDAURA, S., GILLER, K.E., HER-
RERO, M., DOUXCHAMPS, S., DJURFELDT, A.A., 
ERENSTEIN, O., HENDERSON, B., KASSIE, M. and 
PAUL, B.K. 2016. Drivers of household food availability 
in sub-Saharan Africa based on big data from small farms. 
Proceedings of the National Academy of Sciences 113(2): 
458–463.

GAL LOWAY, F., WYNBERG, R. and NOTT, K. 2016. Com-
mercialising a perfume plant, Commiphora wildii: liveli-
hood implications for indigenous Himba in north-west 
Namibia. International Forestry Review 18(4): 429–443.

GAR RITY, D.P., AKINNIFESI, F.K., AJAYI, O.C., WELD-
ESEMAYAT, S.G., MOWO, J.G., KALINGANIRE, A., 
LARWANOU, M. and BAYALA, J. 2010. Evergreen 
Agriculture: a robust approach to sustainable food 
security in Africa. Food security 2(3): 197–214.

GAU SSET, Q., YAGO-OUATTARA, E.L. and BELEM, B. 
2005. Gender and trees in Péni, South-Western Burkina 
Faso. Women’s needs, strategies and challenges. Geograf-
isk Tidsskrift-Danish Journal of Geography 105(1): 
67–76.

GAUT IER, D., BAZILE, D. and PICARD, N. 2006. Interac-
tions between Sudano–Sahelian savannas and parklands 
in space and time: the effects on biomass and biodiversity 
with regards to stakeholder strategies. Linking people with 
nature: lessons from savannas and dry forests. Ashgate, 
London: 227–240.

GAUT IER, D., DENIS, D. and LOCATELLI, B. 2016. 
Impacts of droughts and responses of local populations in 
West Africa: a systematic review. Wiley Interdisciplinary 
Reviews: Climate Change 7(5): 666–681.

GAUT IER, D., DESSARD, H., DJOUDI, H., GAZULL, L. 
and SOUMARÉ, M. 2019. Savannah gendered transition: 
how woodlands dynamics and changes in fuelwood deliv-
ery influence economic autonomy in Mali. Environment, 
Development and Sustainability: 1–21.

GAZUL L, L. and GAUTIER, D. 2015. Woodfuel in a global 
change context. Wiley Interdisciplinary Reviews: Energy 
and Environment 4(2): 156–170.

GLEW,  R.H., VANDERJAGT, D.J., LOCKETT, C., GRIVET-
TI, L.E., SMITH, G.C., PASTUSZYN, A. and MILLSON, 
M. 1997. Amino acid, fatty acid, and mineral composition 
of 24 indigenous plants of Burkina Faso. Journal of food 
composition and analysis 10(3): 205–217.

GREFF EUILLE, V. and MOUQUET RIVIER, C., Eds. 2010. 
Traditionnal recipes of millet, sorghum, and maize-based 
dishes and related sauces frequently consumed by young 
children in Burkina Faso and Benin. Wageningen, Nether-
lands, Dr Judith Zwartz Foundation.

GREGO RY, P.J., INGRAM, J.S.I. and BRKLACICH, M. 
2005. Climate change and food security. Philosophical 
Transactions of the Royal Society B: Biological Sciences 
360(1463): 2139–2148.

GROSS , R., SCHOENEBERGER, H., PFEIFER, H. and 
PREUSS, H.-J. 2000. The four dimensions of food and 
nutrition security: definitions and concepts. SCN News 
20: 20–25.

http://www.ingentaconnect.com/content/external-references?article=0889-1575()10:3L.205[aid=1213976]
http://www.ingentaconnect.com/content/external-references?article=0889-1575()10:3L.205[aid=1213976]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()18:4L.429[aid=11112720]
http://www.ingentaconnect.com/content/external-references?article=0167-4366()2:4L.253[aid=1506135]
http://www.ingentaconnect.com/content/external-references?article=0167-4366()2:4L.253[aid=1506135]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()17:2L.54[aid=11308280]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()17:2L.54[aid=11308280]


76    C.K. Koffi et al.

GUIGM A, Y., ZERBO, P. and MILLOGO-RASOLODIMBY, 
J. 2012. Utilisation des espèces spontanées dans trois 
villages contigus du Sud du Burkina Faso. Tropicultura 
30(4): 230–235.

GUINAND , Y. and LEMESSA, D. 2000. Wild-food Plants in 
Southern Ethiopia: Reflections on the role of ‘famine-
foods’ at a time of drought, Unietd Nations Development 
Prgramme – Emergencies Units for Ethiopia: 16.

HADDAD,  L. 2000. A conceptual framework for assessing 
agriculture–nutrition linkages. Food and Nutrition Bulle-
tin 21(4): 367–373.

HALL, C ., MACDIARMID, J.I., MATTHEWS, R.B., 
SMITH, P., HUBBARD, S.F. and DAWSON, T.P. 2019. 
The relationship between forest cover and diet quality: a 
case study of rural southern Malawi. Food Security 11(3): 
635–650.

HARRAGI N, S. 2006. The Cost of being Poor: Markets, 
Mistrust and malnutrition in southern Niger 2005–2006, 
Save the Children (UK).

HARRIS,  F.M. and MOHAMMED, S. 2003. Relying on 
nature: wild foods in northern Nigeria. Ambio 1(32): 
24–29.

HAUTDID IER, B. and GAUTIER, D. 2005. What local 
benefits does the implementation of rural wood markets 
in Mali generate? African Forests Between Nature and 
Livelihood Resources: Interdisciplinary Studies in Con-
servation and Forest Management. M. A. F. Ros-Thonen 
and A. J. Dietz. Ceredigion, UK, Edwin Mellen Press: 
191–220.

HERFORT H, A. 2010. Promotion of traditional African 
vegetables in Kenya and Tanzania: a case study of an 
intervention representing emerging imperatives in global 
nutrition.

HEUBACH , K., WITTIG, R., NUPPENAU, E.-A. and 
HAHN, K. 2011. The economic importance of non-timber 
forest products (NTFPs) for livelihood maintenance of 
rural west African communities: A case study from north-
ern Benin. Ecological Economics 70(11): 1991–2001.

HIERNAU X, P., DIARRA, L., TRICHON, V., MOUGIN, E., 
SOUMAGUEL, N. and BAUP, F. 2009. Woody plant 
population dynamics in response to climate changes 
from 1984 to 2006 in Sahel (Gourma, Mali). Journal of 
Hydrology 375(1–2): 103–113.

HULME,  M. 1996. Recent climatic change in the world’s 
drylands. Geophysical Research Letters 23(1): 61–64.

HYDER,  A.A., MAMAN, S., NYONI, J.E., KHASIANI, 
S.A., TEOH, N., PREMJI, Z. and SOHANI, S. 2005. 
The pervasive triad of food security, gender inequity and 
women’s health: exploratory research from sub-Saharan 
Africa. African health sciences 5(4): 328–334.

IBRAHIM , G.A., ABDALLA, N.I. and FANGAMA, I.M. 
2015. Contributions of Non-Wood Forest Products to 
Household Food Security and Income Generation in South 
Kordofan State, Sudan. Int. J. Curr. Microbiol. App. Sci 
4(6): 828–832.

ICKOWIT Z, A., POWELL, B., ROWLAND, D., JONES, A. 
and SUNDERLAND, T.C.H. 2019. Agricultural intensifi-
cation, dietary diversity, and markets in the global food 
security narrative. Global Food Security 20.

JAMNADA SS, R.H., DAWSON, I.K., FRANZEL, S., 
LEAKEY, R.R.B., MITHÖFER, D., AKINNIFESI, F.K. 
and TCHOUNDJEU, Z. 2011. Improving livelihoods and 
nutrition in sub-Saharan Africa through the promotion of 
indigenous and exotic fruit production in smallholders’ 
agroforestry systems: a review. International Forestry 
Review 13(3): 338–354.

JOHNS, T . and KOKWARO, J.O. 1991. Food plants of the 
Luo of Siaya district, Kenya. Economic Botany 45(1): 
103–113.

JOHNSON,  K.B., JACOB, A. and BROWN, M.E. 2013. 
Forest cover associated with improved child health and 
nutrition: evidence from the Malawi Demographic and 
Health Survey and satellite data. Global Health: Science 
and Practice 1(2): 237–248.

JONES, A .D. 2017. Critical review of the emerging research 
evidence on agricultural biodiversity, diet diversity, and 
nutritional status in low-and middle-income countries. 
Nutrition reviews 75(10): 769–782.

KALABA,  F.K., CHIRWA, P.W., PROZESKY, H. and HAM, 
C. 2008. The role of indigenous fruit trees in rural liveli-
hoods: the case of communities in the Mwekera area, 
Copperbelt Province, Zambia. International Symposium 
on Underutilized Plants for Food Security, Nutrition, 
Income and Sustainable Development 806.

KAMANGA,  P., VEDELD, P. and SJAASTAD, E. 2009. For-
est incomes and rural livelihoods in Chiradzulu District, 
Malawi. Ecological Economics 68(3): 613–624.

KASCHULA , S.A. 2008. Wild foods and household food 
security responses to AIDS: evidence from South Africa. 
Population and Environment 29(3–5): 162.

KEHLENBE CK, K., ASAAH, E. and JAMNADASS, R. 
2013. Diversity of indigenous fruit trees and their contri-
bution to nutrition and livelihoods in sub-Saharan Africa: 
examples from Kenya and Cameroon. Diversifying food 
and diets Using agricultural biodiversity to improve nutri-
tion and health. J. C. Fanzo, D. Hunter, T. Borelli and 
F. Mattei, Earthscan from Routledge: 257–269.

KIPTOT,  E. and FRANZEL, S. 2012. Gender and agrofor-
estry in Africa: a review of women’s participation. 
Agroforestry systems 84(1): 35–58.

KOFFI, C .K., DJOUDI, H. and GAUTIER, D. 2016. 
Landscape diversity and associated coping strategies 
during food shortage periods: evidence from the Sudano-
Sahelian region of Burkina Faso. Regional Environmental 
Change: 1–12.

KOFFI, C .K., GAZULL, L. and GAUTIER, D. 2018. 
Variability of household fuelwood consumption in a rural 
Sudano-Sahelian context in Burkina Faso. Energy for 
sustainable development 47: 75–83.

KOTIR, J .H. 2011. Climate change and variability in Sub-
Saharan Africa: a review of current and future trends and 
impacts on agriculture and food security. Environment, 
Development and Sustainability 13(3): 587–605.

KUYAH, S ., WHITNEY, C.W., JONSSON, M., SILESHI, 
G.W., ÖBORN, I., MUTHURI, C.W. and LUEDELING, 
E. 2019. Agroforestry delivers a win-win solution for eco-
system services in sub-Saharan Africa. A meta-analysis. 
Agronomy for Sustainable Development 39(47).

http://www.ingentaconnect.com/content/external-references?article=1465-5489()13:3L.338[aid=11308285]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()13:3L.338[aid=11308285]
http://www.ingentaconnect.com/content/external-references?article=0094-8276()23:1L.61[aid=6086817]
http://www.ingentaconnect.com/content/external-references?article=0379-5721()21:4L.367[aid=2205966]
http://www.ingentaconnect.com/content/external-references?article=0379-5721()21:4L.367[aid=2205966]
http://www.ingentaconnect.com/content/external-references?article=0199-0039()29L.162[aid=9054002]


The contributions of wild tree resources to food and nutrition security in sub-Saharan African drylands  77

LAMIEN, N ., OUÉDRAOGO, S.J., DIALLO, O.B. and 
GUINKO, S. 2005. Productivité fruitière du karité Vitel-
laria paradoxa Gaertn. C. F., Sapotaceae) dans les parcs 
agroforestiers traditionnels au Burkina Faso. Fruits 59(6): 
423–429.

LAMIEN, N., SID IBE, A. and BAYALA, J. 1996. Use and 
commercialization of non-timber forest products in west-
ern Burkina Faso. Domestication and commercialization 
of non-timber forest products in agroforestry systems, 
non-wood forest products (9): 51–64.

LAMIEN, N. and  VOGNAN, G. 2001. Importance of non-
wood forest products as source of rural women’s income 
in Western Burkina Faso. Combating desertification with 
plants. D. Pasternak and A. Schlissel. New-York, Kluwer 
Academic/Plenum Publishers: 69–79.

LEGWAILA, G.M.,  MOJEREMANE, W., MADISA, M.E., 
MMOLOTSI, R.M. and RAMPART, M. 2011. Potential 
of traditional food plants in rural household food security 
in Botswana. Journal of Horticulture and Forestry 3(6): 
171–177.

LIWENGA, E.T. 2 003. Food insecurity and coping strategies 
in semiarid areas: the case of Mvumi in Central Tanzania, 
Almqvist & Wiksell International.

LOKI, R.B.O. an d NDYOMUGYENYI, E.K. 2016. Diversity 
and Nutritional Values of Wild Fruits of Acholi Sub-
region, Northern Uganda. Age 10(19): 8.

LOURME RUIZ, A. , DURY, S. and MARTIN-PRÉVEL, Y. 
2016. Consomme-t-on ce que l’on sème? Relations entre 
diversité de la production, revenu agricole et diversité 
alimentaire au Burkina Faso. Cahiers Agricultures 25(6).

LYKKE, A.M., MERTZ, O . and GANABA, S. 2002. Food 
consumption in rural Burkina Faso. Ecology of Food and 
Nutrition 41(2): 119–153.

M’KAIBI, F.K., STEYN,  N.P., OCHOLA, S. and DU 
PLESSIS, L. 2015. Effects of agricultural biodiversity 
and seasonal rain on dietary adequacy and household food 
security in rural areas of Kenya. BMC Public Health 
15(1): 422.

MAMO, G.E., SJAASTAD,  E. and VEDELD, P. 2007. Eco-
nomic dependence on forest resources: A case from Dendi 
District, Ethiopia. Forest Pol. Econ 9: 916–927.

MAROYI, A. 2011. The  gathering and consumption of 
wild edible plants in Nhema communal area, Midlands 
province, Zimbabwe. Ecology of food and nutrition 
50(6): 506–525.

MASEKO, H., SHACKLETO N, C.M., NAGOLI, J. and 
PULLANIKKATIL, D. 2017. Children and Wild Foods 
in the Context of Deforestation in Rural Malawi. Human 
Ecology 45(6): 795–807.

MATIZA, T., ZINYAMA,  L.M. and CAMPBELL, D.J. 1988. 
Household strategies for coping with food insecurity in 
low-rainfall areas of Zimbabwe. Household and national 
food security in Southern Africa. G. D. Mudimu and R. H. 
Bernsten. Harare, Zimbabwe, University of Zimbabwe 
(UZ) Publications/Michigan State University: 209–223.

MBOW, C., VAN NOORDWI JK, M., LUEDELING, E., 
NEUFELDT, H., MINANG, P.A. and KOWERO, G. 
2014. Agroforestry solutions to address food security and 

climate change challenges in Africa. Current Opinion in 
Environmental Sustainability 6: 61–67.

MCGARRY, D.K. and SHA CKLETON, C.M. 2009. Children 
navigating rural poverty: Rural children’s use of wild 
resources to counteract food insecurity in the Eastern 
Cape, South Africa. Journal of Children and Poverty 
15(1): 19–37.

MERTZ, O., LYKKE, A.- M. and REENBERG, A. 2001. 
Importance and seasonality of vegetable consumption 
and marketing in Burkina Faso. Economic Botany 55(2): 
276–289.

MERTZ, O., MBOW, C.,  REENBERG, A. and DIOUF, A. 
2009. Farmers’ perceptions of climate change and agricul-
tural adaptation strategies in rural Sahel. Environmental 
management 43(5): 804–816.

MISSELHORN, A.A. 2005 . What drives food insecurity in 
southern Africa? A meta-analysis of household economy 
studies. Global Environmental Change 15(1): 33–43.

MITHÖFER, D. and WAIB EL, H. 2003. Income and labour 
productivity of collection and use of indigenous fruit 
tree products in Zimbabwe. Agroforestry Systems 59(3): 
295–305.

MOJEREMANE, W. and TSH WENYANE, S.O. 2004. 
Azanza garckeana: A valuable edible indigenous fruit tree 
of Botswana. Pakistan Journal of Nutrition 3(5): 264–267.

MOOMBE, K.B., HAM, C.,  CLARKE, J., FRANZEL, S. and 
ACKERMAN, P. 2014. Consumer preferences for Uapaca 
kirkiana fruits in Zambia. Forests, Trees and Livelihoods 
23(4): 248–260.

MORTIMORE, M. 1989. Ad apting to drought: Farmers, 
famines and desertification in West Africa. Cambridge, 
Cambridge University Press. 324 pp.

MSOLA, D. 2007. The ro le of wild foods in household 
income and food security in Mufinfi District, Tanzania. 
Morogoro, Tanzania, Sokoine Universitry of Agriculture. 
Master of art in rural Development: 93.

MSUYA, J.M., MAMIRO, P . and WEINBERGER, K. 2008. 
Iron, zinc and β-carotene nutrient potential of non-
cultivated indigenous vegetables in Tanzania. International 
Symposium on Underutilized Plants for Food Security, 
Nutrition, Income and Sustainable Development 806.

MULENGA, B.P., RICHARDS ON, R.B., MAPEMBA, L.D. 
and TEMBO, G. 2011. The contribution of non-timber 
forest products to rural household income in Zambia.

MULENGA, B.P., RICHARDS ON, R.B. and TEMBO, G. 
2012. Non-Timber Forest Products and Rural Poverty 
Alleviation in Zambia, Michigan State University, Depart-
ment of Agricultural, Food, and Resource Economics.

MUSABA, E.C. and SHEEHA MA, E. 2009. The socio-
economic factors influencing harvesting of Eembe 
(Berchemia discolor) wild fruits by communal households 
in the Ohangwena region, Namibia. Namibia Dev J 
1: 1–12.

MUSINGUZI, E., KIKAFUND A, J.K. and KIREMIRE, B.T. 
2006. Utilization of indigenous food plants in Uganda: A 
case study of south-western Uganda. African Journal of 
Food, Agriculture, Nutrition and Development 6(2).

http://www.ingentaconnect.com/content/external-references?article=1472-8028()23:4L.248[aid=11308290]
http://www.ingentaconnect.com/content/external-references?article=1472-8028()23:4L.248[aid=11308290]
http://www.ingentaconnect.com/content/external-references?article=0364-152x()43:5L.804[aid=9503942]
http://www.ingentaconnect.com/content/external-references?article=0364-152x()43:5L.804[aid=9503942]
http://www.ingentaconnect.com/content/external-references?article=1079-6126()15:1L.19[aid=9690921]
http://www.ingentaconnect.com/content/external-references?article=1079-6126()15:1L.19[aid=9690921]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()41:2L.119[aid=11308297]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()41:2L.119[aid=11308297]


78    C.K. Koffi et al.

MWEMA, C.M., MUTAI, B.K ., LAGAT, J.K., KIBET, L.K. 
and MAINA, M.C. 2012. Contribution of selected indig-
enous fruits on household income and food security in 
Mwingi, Kenya. Current Research Journal of Social 
Sciences 4(6): 425–430.

NCUBE, K., SHACKLETON,  C.M., SWALLOW, B.M. and 
DASSANAYAKE, W. 2016. Impacts of HIV/AIDS on 
food consumption and wild food use in rural South Africa. 
Food security 8(6): 1135–1151.

NEUDECK, L., AVELINO, L ., BAREETSENG, P., NGWE-
NYA, B.N., TEKETAY, D. and MOTSHOLAPHEKO, M. 
2012. The contribution of edible wild plants to food secu-
rity, dietary diversity and income of households in Shorobe 
village, Northern Botswana. Ethnobotany Research & 
Applications 10: 449–462.

 NJANA, M.A., KAJEMBE, G.C. and MALIMBWI, R.E. 
2013. Are miombo woodlands vital to livelihoods of rural 
households? Evidence from Urumwa and surrounding 
communities, Tabora, Tanzania. Forests, Trees and Liveli-
hoods 22(2): 124–140.

 OGLE, B.M. and GRIVETTI, L.E. 1985. Legacy of the cha-
meleon: Edible wild plants in the kingdom of Swaziland, 
Southern Africa. A cultural, ecological, nutritional study. 
Part IV-nutritional analysis and conclusions. Ecology of 
Food and Nutrition 17(1): 41–64.

O KAFOR, J.C. 1980. Trees for food and fodder in the 
savanna areas of Nigeria. International Tree Crops 
Journal 1(2–3): 131–141.

O KIROR, P., AGEA, J.G., OKIA, C.A. and OKULLO, J.B.L. 
2012. On-Farm Management of Vitellaria paradoxa C. F. 
Gaertn. in Amuria District, Eastern Uganda. International 
Journal of Forestry Research 2012: 8.

O UEDRAOGO, B. and FERRARI, S. 2015. Incidence of 
forest activities on poverty and income inequalities: 
evidence from forest dependent households in managed 
forests’ areas in Burkina Faso. International Journal of 
Sustainable Development 18(3): 143–160.

P ADOCH, C. and SUNDERLAND, T. 2014. Managing land-
scapes for greater food security and improved livelihoods. 
Unasylva 64(241).

P ANDEY, V.L., DEV, S.M. and JAYACHANDRAN, U. 2016. 
Impact of agricultural interventions on the nutritional 
status in South Asia: A review. Food policy 62: 28–40.

P AUMGARTEN, F. 2005. The role of non-timber forest prod-
ucts as safety-nets: a review of evidence with a focus on 
South Africa. GeoJournal 64(3): 189–197.

P IMENTEL, D., MCNAIR, M., BUCK, L., PIMENTEL, M. 
and KAMIL, J. 1997. The value of forests to world food 
security. Human Ecology 25(1): 91–120.

P OOLE, N., AUDIA, C., KABORET, B. and KENT, R. 2016. 
Tree products, food security and livelihoods: a household 
study of Burkina Faso. Environmental Conservation 
43(4): 359–367.

P OPPY, G.M., CHIOTHA, S., EIGENBROD, F., HARVEY, 
C.A., HONZÁK, M., HUDSON, M.D., JARVIS, A., 
MADISE, N.J., SCHRECKENBERG, K., SHACKLE-
TON, C.M., VILLA, F. and DAWSON, T.P. 2014. Food 
security in a perfect storm: using the ecosystem services 

framework to increase understanding. Philosophical 
Transactions of the Royal Society B: Biological Sciences 
369(1639).

PO UDYAL, M. 2009. Tree tenure in agroforestry parklands: 
Implications for the management, utilisation and ecology 
of Shea and Locust bean trees in northern Ghana, Univer-
sity of York.

-- -. 2009. Tree Tenure in Agroforestry Parklands: Implica-
tions for the Management, Utilisation and Ecology of 
Shea and Locust Bean Trees in Northern Ghana.

PO ULIOT, M. 2012. Contribution of “Women’s Gold” to 
West African Livelihoods: The Case of Shea (Vitellaria 
paradoxa) in Burkina Faso. Economic Botany 66(3): 
237–248.

PO WELL, B. 2012. Biodiversity and human nutrition in a 
landscape mosaic of farms and forests in the East Usam-
bara Mountains, Tanzania. School of Dietetics and Human 
Nutrition. Montreal, McGill University: 279.

PO WELL, B., HALL, J. and JOHNS, T. 2011. Forest cover, 
use and dietary intake in the East Usambara Mountains, 
Tanzania. International Forestry Review 13(3): 305–317.

PO WELL, B., MAUNDU, P., KUHNLEIN, H.V. and JOHNS, 
T. 2013. Wild foods from farm and forest in the East 
Usambara Mountains, Tanzania. Ecology of food and 
nutrition 52(6): 451–478.

PO WELL, B., THILSTED, S.H., ICKOWITZ, A., TER-
MOTE, C., SUNDERLAND, T.C.H. and HERFORTH, A. 
2015. Improving diets with wild and cultivated biodiver-
sity from across the landscape. Food Security 7(3): 535–
554.

RI BOT, J.C. 2003. Democratic decentralization of natural 
resources: Institutional choice and discretionary power 
transfers in sub-saharan Africa. Public Administration and 
Development 23(1): 53–65.

RO CHELEAU, D. and EDMUNDS, D. 1997. Women, men 
and trees: Gender, power and property in forest and agrar-
ian landscapes. World development 25(8): 1351–1371.

RO LAND, O.A. and OYELANA, A.A. 2014. Contribution of 
Non Timber Forest Products to Rural Household Income 
in Eastern Cape Province, South Africa. Mediterranean 
Journal of Social Sciences 5(23): 749.

RO USSEAU, K., GAUTIER, D. and WARDELL, D.A. 2016. 
Renegotiating access to shea trees in Burkina Faso: 
Challenging power relationships associated with demo-
graphic shifts and globalized trade. Journal of Agrarian 
Change.

-- -. 2019. Socio-economic differentiation and shea globaliza-
tion in western Burkina Faso: integrating gender politics 
and agrarian change. The Journal of Peasant Studies 
46(4): 747–766.

RO WLAND, D., BLACKIE, R.R., POWELL, B., DJOUDI, 
H., VERGLES, E., VINCETI, B. and ICKOWITZ, A. 
2015. Direct contributions of dry forests to nutrition: a 
review. International Forestry Review 17(2): 45–53.

SA LACK, S., KLEIN, C., GIANNINI, A., SARR, B., 
WOROU, O.N., BELKO, N., BLIEFERNICHT, J. and 
KUNSTMAN, H. 2016. Global warming induced hybrid 
rainy seasons in the Sahel. Environmental Research 
Letters 11(10): 104008.

http://www.ingentaconnect.com/content/external-references?article=1465-5489()17:2L.45[aid=11308300]
http://www.ingentaconnect.com/content/external-references?article=0306-6150()46:4L.747[aid=11308301]
http://www.ingentaconnect.com/content/external-references?article=0306-6150()46:4L.747[aid=11308301]
http://www.ingentaconnect.com/content/external-references?article=0271-2075()23:1L.53[aid=9691201]
http://www.ingentaconnect.com/content/external-references?article=0271-2075()23:1L.53[aid=9691201]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()52:6L.451[aid=11308302]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()52:6L.451[aid=11308302]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()13:3L.305[aid=10840115]
http://www.ingentaconnect.com/content/external-references?article=0300-7839()25:1L.91[aid=11308305]
http://www.ingentaconnect.com/content/external-references?article=0305-750X()25:8L.1351[aid=7001121]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()17:1L.41[aid=4458906]
http://www.ingentaconnect.com/content/external-references?article=0367-0244()17:1L.41[aid=4458906]
http://www.ingentaconnect.com/content/external-references?article=1472-8028()22:2L.124[aid=11308307]
http://www.ingentaconnect.com/content/external-references?article=1472-8028()22:2L.124[aid=11308307]


The contributions of wild tree resources to food and nutrition security in sub-Saharan African drylands  79

SA NCHEZ, P.A. 2002. Soil fertility and hunger in Africa. 
Science 295(5562): 2019–2020.

SA RDESHPANDE, M. and SHACKLETON, C. 2019. Wild 
Edible Fruits: A Systematic Review of an Under-
Researched Multifunctional NTFP (Non-Timber Forest 
Product). Forests 10(6): 467.

SA VY, M., MARTIN-PRÉVEL, Y., TRAISSAC, P., 
EYMARD-DUVERNAY, S. and DELPEUCH, F. 2006. 
Dietary diversity scores and nutritional status of women 
change during the seasonal food shortage in rural Burkina 
Faso. The Journal of nutrition 136(10): 2625–2632.

SCH RECKENBERG, K. 1999. Products of a managed land-
scape: non-timber forest products in the parklands of the 
Bassila region, Benin. Global Ecology & Biogeography 
8: 279–289.

SCH RECKENBERG, K. 2004. The contribution of shea but-
ter (Vitellaria paradoxa CF Gaertner) to local livelihoods 
in Benin. Forest products, Livelihoods and conservation: 
91–104.

SEI GNOBOS, C. 1989. Les parades à la razzia dans la zone 
soudanienne au xix e siècle: la domestication de la cueil-
lette. Le Risque en agriculture. M. Eldin and P. Milleville. 
Paris, Éditions de l’ORSTOM: 355–373.

SHACKLE TON, C.M., DZEREFOS, C.M., SHACKLETON, 
S.E. and MATHABELA, F.R. 2000. The use of and trade 
in indigenous edible fruits in the Bushbuckridge savanna 
region, South Africa. Ecology of Food and Nutrition 
39(3): 225–245.

SHACKLE TON, C.M. and SHACKLETON, S.E. 2004. The 
importance of non-timber forest products in rural liveli-
hood security and as safety nets: a review of evidence 
from South Africa. South African Journal of Science 
100(11–12): 658–664.

SHACKLE TON, C.M. and SHACKLETON, S.E. 2006. 
Household wealth status and natural resource use in the 
Kat River valley, South Africa. Ecological Economics 
57(2): 306–317.

SHACKLE TON, C.M., SHACKLETON, S.E., BUITEN, E. 
and BIRD, N. 2007. The importance of dry woodlands and 
forests in rural livelihoods and poverty alleviation in South 
Africa. Forest Policy and Economics 9(5): 558–577.

SHACKLE TON, C.M., SHACKLETON, S.E., NETSHILU-
VHI, T.R. and MATHABELA, F.R. 2005. The contribu-
tion and direct-use value of livestock to rural livelihoods 
in the Sand River catchment, South Africa. African 
Journal of Range and Forage Science 22(2): 127–140.

SHACKLE TON, S., KASCHULA, S., TWINE, W., HUNT-
ER, L., HOLDING-ANYONGE, C. and PETHERAM, L. 
2006. Forests as safety nets for mitigating the impacts 
of HIV/AIDS in southern Africa. Bogor, Indonesia, 
CIFOR: 4.

SHACKLE TON, S.E., CAMPBELL, B., LOTZ-SISITKA, 
H. and SHACKLETON, C.M. 2008. Links between the 
local trade in natural products, livelihoods and poverty 
alleviation in a semi-arid region of South Africa. World 
Development 36(3): 505–526.

SHACKLE TON, S.E., DELANG, C.O. and ANGELSEN, A. 
2011. From Subsistence to Safety Nets and Cash Income: 

Exploring the Diverse Values of Non-timber Forest Prod-
ucts for Livelihoods and Poverty Alleviation. Non-Timber 
Forest Products in the Global Context. S. Shackleton, C. 
Shackleton and P. Shanley. Berlin, Heidelberg, Springer 
Berlin Heidelberg: 55–81.

SHACKLE TON, S.E. and SHACKLETON, C.M. 2005. The 
contribution of marula (Sclerocarya birrea) fruit and fruit 
products to rural livelihoods in the Bushbuckridge district, 
South Africa: Balancing domestic needs and commercial-
isation. Forests, Trees and Livelihoods 15(1): 3–24.

SHACKLE TON, S.E., SHACKLETON, C.M., NETSHUL-
VHI, T.R., GEACH, B.S., BALLANCE, A. and FAIR-
BANKS, D.H. 2002. Use patterns and value of savanna 
resources in three rural villages in South Africa. Economic 
Botany 56: 130–146.

SHARMA,  N., BOHRA, B., PRAGYA, N., CIANNELLA, 
R., DOBIE, P. and LEHMANN, S. 2016. Bioenergy from 
agroforestry can lead to improved food security, climate 
change, soil quality, and rural development. Food and 
Energy Security 5(3): 165–183.

SHAVA,  S. 1999. The use of indigenous plants as food by a 
rural community in the Eastern Cape: Tuku’A’Village, 
Peddie. Southern African Journal of Environmental 
Education 19: 85–98.

---. 20 00. The use of indigenous plants as food by a rural com-
munity in the Eastern Cape: An educational exploration. 
Rhodes, South Africa, Rhodes University. Master of 
Education: 109.

SIDA, T .S., BAUDRON, F., KIM, H. and GILLER, K.E. 
2018. Climate-smart agroforestry: Faidherbia albida trees 
buffer wheat against climatic extremes in the Central Rift 
Valley of Ethiopia. Agricultural and Forest Meteorology 
248: 339–347.

SILESHI , G., AKINNIFESI, F.K., AJAYI, O.C., CHAK-
EREDZA, S., KAONGA, M. and MATAKALA, P.W. 
2007. Contributions of agroforestry to ecosystem services 
in the Miombo eco-region of eastern and southern Africa. 
African journal of environmental science and technology 
1(4): 68–80.

SIMITU,  P.J. 2011. Consumption and conservation of dry-
lands’ indigenous fruit trees for rural livelihood improve-
ment in Mwingi District, Kenya. Nairobi, Kenya, School 
of environmental studies of Kenyatta University: 66.

SMITH,  G.C., DUEKER, S.R., CLIFFORD, A.J. and 
GRIVETTI, L.E. 1996. Carotenoid values of selected 
plant foods common to southern Burkina Faso, West 
Africa. Ecology of Food and Nutrition 35(1): 43–58.

SULEIMA N, M.S., WASONGA, V.O., MBAU, J.S., SULEI-
MAN, A. and ELHADI, Y.A. 2017. Non-timber forest 
products and their contribution to households income 
around Falgore Game Reserve in Kano, Nigeria. Ecologi-
cal Processes 6(1): 23.

SULTAN,  B., ROUDIER, P., QUIRION, P., ALHASSANE, 
A., MULLER, B., DINGKUHN, M., CIAIS, P., GUIM-
BERTEAU, M., TRAORE, S. and BARON, C. 2013. 
Assessing climate change impacts on sorghum and millet 
yields in the Sudanian and Sahelian savannas of West 
Africa. Environmental Research Letters 8(1): 014040.

http://www.ingentaconnect.com/content/external-references?article=1022-0119()22:2L.127[aid=11308310]
http://www.ingentaconnect.com/content/external-references?article=1022-0119()22:2L.127[aid=11308310]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()295:5562L.2019[aid=6967182]
http://www.ingentaconnect.com/content/external-references?article=0013-0001()56L.130[aid=7516150]
http://www.ingentaconnect.com/content/external-references?article=0013-0001()56L.130[aid=7516150]
http://www.ingentaconnect.com/content/external-references?article=1466-822x()8L.279[aid=8883361]
http://www.ingentaconnect.com/content/external-references?article=1466-822x()8L.279[aid=8883361]


80    C.K. Koffi et al.

SUMMIT,  W.F. 1996. Rome declaration on world food 
security and world food summit. Plan of action. Roma, 
FAO: 43.

SUNDERL AND, T.C.H. 2011. Food security: why is biodi-
versity important? International Forestry Review 13(3): 
265–274.

SUNDERL AND, T.C.H., ACHDIAWAN, R., ANGELSEN, 
A., BABIGUMIRA, R., ICKOWITZ, A., PAUMGAR-
TEN, F., REYES-GARCÍA, V. and SHIVELY, G. 2014. 
Challenging perceptions about men, women, and forest 
product use: a global comparative study. World Develop-
ment 64: S56–S66.

SUNDERLA ND, T.C.H., POWELL, B., ICKOWITZ, A., 
FOLI, S., PINEDO-VASQUEZ, M., NASI, R. and 
PADOCH, C. 2013. Food security and nutrition: The role 
of forests, Center for International Forestry Research 
(CIFOR), Bogor, Indonesia.

TERMOTE,  C., RANERI, J., DEPTFORD, A. and COGILL, 
B. 2014. Assessing the potential of wild foods to reduce 
the cost of a nutritionally adequate diet: an example from 
eastern Baringo District, Kenya. Food and nutrition 
bulletin 35(4): 458–479.

THOMPSON , H.E., BERRANG-FORD, L. and FORD, J.D. 
2010. Climate Change and Food Security in Sub-Saharan 
Africa: A Systematic Literature Review. Sustainability 
2(8): 2719.

THORNTON , P.K. and HERRERO, M. 2014. Climate change 
adaptation in mixed crop–livestock systems in developing 
countries. Global Food Security 3(2): 99–107.

THORNTON , P.K., JONES, P.G., ERICKSEN, P.J. and 
CHALLINOR, A.J. 2011. Agriculture and food systems in 
sub-Saharan Africa in a 4 C+ world. Philosophical Trans-
actions of the Royal Society of London A: Mathematical, 
Physical and Engineering Sciences 369(1934): 117–136.

TIMBERLA KE, J., CHIDUMAYO, E.N. and SAWADOGO, 
L. 2010. Distribution and characteristics of African dry 
forests and woodlands. The dry forest and woodlands 
of Africa: Managing for products and services. E. N. 
Chidumayo and D. J. Gumbo. New-York, USA, The 
Earthscan: 11–42.

TITTONEL L, P. and GILLER, K.E. 2013. When yield gaps 
are poverty traps: The paradigm of ecological intensifica-
tion in African smallholder agriculture. Field Crops 
Research 143(Supplement C): 76–90.

TSCHAKER T, P. 2007. Environmental services and poverty 
reduction: Options for smallholders in the Sahel. Agricul-
tural Systems 94(1): 75–86.

TWINE, W ., MOSHE, D., NETSHILUVHI, T. and SIPHU-
GU, V. 2003. Consumption and direct-use values of 
savanna bio-resources used by rural households in 
Mametja, a semi-arid area of Limpopo province, South 
Africa: research letter. South African Journal of Science 
99(9–10): 467–473.

VAINIO-M ATTILA, K. 2000. Wild vegetables used by the 
Sambaa in the Usambara Mountains, NE Tanzania. Ann. 
Bot. Fennici (37): 57–67.

VINCETI,  B., EYZAGUIRRE, P. and JOHNS, T. 2008. 
The nutritional role of forest plant foods for rural 

communities. Human health and forests: a global over-
view of issues, practice and policy. C. J. P. Colfer. London, 
UK, Earthscan 63–96.

VINCETI,  B., TERMOTE, C., ICKOWITZ, A., POWELL, 
B., KEHLENBECK, K. and HUNTER, D. 2013. The 
contribution of forests and trees to sustainable diets. 
Sustainability 5(11): 4797–4824.

VINCETI,  B., TERMOTE, C., THIOMBIANO, N., AGÚN-
DEZ, D. and LAMIEN, N. 2018. Food tree species 
consumed during periods of food shortage in Burkina 
Faso and their threats. Forest Systems 27(2): e006.

VIRA, B.,  AGARWAL, B., JAMNADASS, R.H., KLEIN-
SCHMIT, D., MCMULLIN, S., MANSOURIAN, S., 
NEUFELDT, H., PARROTTA, J.A., SUNDERLAND, 
T.C.H. and WILDBURGER, C. 2015. Forests, trees and 
landscapes for food security and nutrition. Forests and 
Food: Addressing Hunger and Nutrition Across Sustain-
able Landscapes, Open Book Publishers, Cambridge, UK.

VIVERO-PO L, J.L., TEKETAY, D. and YEMSHAW, Y. 2002. 
Forest is not only wood: The importance of non-wood 
forest products for the food security of rural households 
in Ethiopia.

WALELIGN,  S.Z. and NIELSEN, Ø.J. 2013. Seasonal house-
hold income dependency on forest and environmental 
resources in rural Mozambique. International Journal of 
AgriScience 3(2): 91–99.

WATTS, M.J . 2013. Silent violence: Food, famine, and peas-
antry in northern Nigeria, University of Georgia Presspp.

WATTS, M.J . and BOHLE, H.G. 1993. The space of 
vulnerability: the causal structure of hunger and famine. 
Progress in human geography 17(1): 43–67.

WORKU, A.,  LEMENIH, M., FETENE, M. and TEKETAY, 
D. 2011. Socio-economic importance of gum and resin 
resources in the dry woodlands of borana, southern Ethio-
pia. Forests, Trees and Livelihoods 20(2–3): 137–155.

WORKU, A.,  PRETZSCH, J., KASSA, H. and AUCH, E. 
2014. The significance of dry forest income for livelihood 
resilience: the case of the pastoralists and agro-pastoralists 
in the drylands of southeastern Ethiopia. Forest Policy and 
Economics 41: 51–59.

WUNDER, S. , BÖRNER, J., SHIVELY, G. and WYMAN, 
M. 2014. Safety Nets, Gap Filling and Forests: A 
Global-Comparative Perspective. World Development 
64(Supplement 1): S29–S42.

YEMIRU, T.,  ROOS, A., CAMPBELL, B.M. and BOHLIN, 
F. 2010. Forest incomes and poverty alleviation under 
participatory forest management in the Bale Highlands, 
Southern Ethiopia. International Forestry Review 12(1): 
66–77.

ZINYAMA, L. M., MATIZA, T. and CAMPBELL, D.J. 1990. 
The use of wild foods during periods of food shortage in 
rural Zimbabwe. Ecology of Food and Nutrition 24(4): 
251–265.

ZOMER, R.J. , TRABUCCO, A., BOSSIO, D.A. and VER-
CHOT, L.V. 2008. Climate change mitigation: A spatial 
analysis of global land suitability for clean development 
mechanism afforestation and reforestation. Agriculture, 
Ecosystems & Environment 126(1): 67–80.

http://www.ingentaconnect.com/content/external-references?article=0167-8809()126:1L.67[aid=8679902]
http://www.ingentaconnect.com/content/external-references?article=0167-8809()126:1L.67[aid=8679902]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()12:1L.66[aid=10650421]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()12:1L.66[aid=10650421]
http://www.ingentaconnect.com/content/external-references?article=0309-1325()17:1L.43[aid=9007983]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()13:3L.265[aid=10546091]
http://www.ingentaconnect.com/content/external-references?article=1465-5489()13:3L.265[aid=10546091]


The contributions of wild tree resources to food and nutrition security in sub-Saharan African drylands  81

Annex 1. Distribution of the 110 papers selected for review according to the location of the study

SSA countries
Number of 

relevant papers
References

South Africa 22 Chakona et al. 2019; Clarke et al. 1996; Cocks and Wiersum 2003; Dovie et al. 2002; 
Kaschula et al. 2008; McGarry and Shackleton 2009; Mertz et al. 2001; Ncube et al. 
2016; Ogle and Grivetti 1985; Paumgarten 2005; Roland et al. 2014; Shackleton and 
Shackleton 2004; Shackleton 2011; Shackleton and Shackleton 2005; Shackleton and 
Shackleton 2006; Shackleton et al. 2005; Shackleton et al. 2007; Shackleton et al. 
2008; Shackleton et al. 2002; Shava 1999; Shava 2000; Twine et al. 2003

Ethiopia 10 Abdulla (2013); Babulo et al. 2008; Fentahun and Hager 2009; Feyssa et al. 2011; 
Guinand and Lemessa 2000; Mamo et al. 2007; Vivero-Pol et al. 2002; Worku et al. 
2014; Worku et al. 2011; Yemiru et al. 2010

Tanzania  8 Cordeiro 2013; Msola 2007; Msuya et al. 2008; Njana et al. 2013; ; Powell et al. 2011; 
Powell 2012; Powell et al. 2013; Vainio-Mattila 2000

Burkina Faso 10 Guigma et al. 2012; Koffi et al. 2016; Lamien et al. 1996; Lamien et al. 2011; Lykke 
et al. 2002; Ouédraogo et al. 2015; Poole et al. 2016; Vinceti et al. 2018; Rousseau 
et al. 2016; Savy et al. 2006

Zimbabwe  5 Campbell 1987; Maroyi 2011; Matiza et al. 1988; Mithöfer and Waibel 2003; Zinyama 
et al. 1990

Botswana  4 Campbell 1986; Legwaila et al. 2011; Mojeremane and Tshwenyane 2004; Neudeck 
et al. 2012

Kenya  5 Ekesa et al. 2009; Johns and Kokwaro 1991; M’kaibi et al. 2015; Mwema et al. 2012; 
Simitu 2011

Malawi  7 Asfaw et al. 2015; Fisher 2004; Fisher et al. 2010; Hall et al. 2019; Johnson et al. 2013; 
Kamanga et al. 2009; Maseko et al. 2017 

Sudan  4 Adam and Pretzsch 2010; Adam et al. 2013; Corkill 1949; Ibrahim et al. 2015

Zambia  6 Bwalya et al. 2011; Kalaba et al. 2008; Kalaba et al. 2013; Moombe et al. 2014; 
Mulenga et al. 2012

Ghana  6 Achaglinkame et al. 2019; Agyei et al 2019; Amakye 2017; Aniah et al. 2019; Glew 
et al. 1997; Poudyal 2009

Nigeria  4 Adedayo et al. 2010; Harris and Mohammed 2003; Okafor 1980; Suleiman et al. 2017

Benin  3 Boedecker et al. 2014; Schreckenberg 1999; Schreckenberg 2004

Namibia  2 Galloway et al. 2016; Musaba and Sheehama 2009

Uganda  2 Loki and Ndyomugyenyi 2016; Musinguzi et al. 2006

Mali  2 Faye et al. 2010; Hiernaux et al. 2009

Togo  1 Atato et al. 2011

Mozambique  1 Walelign et al. 2013

Literature review 
(1 in Sahel, 6 in SSA, 
1 in dry forest)

 8 Akinnifesi et al. 2007; Bayala et al. 2014; Bvenura and Sivakumar 2017; Chivandi et al. 
2015; Hyder et 2005; Kehlenbeck et al. 2013; Rowland et al. 2015; Sardeshpande 2019
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Annex 2. Distribution of the 110 selected papers according to the pillars of food security

Pillars of Food Security
Number of 

relevant papers
References

Availability 31 Abdulla 2013 (Ethiopia); Aniah et al. 2019 (Ghana); Boedecker et al. 2014 
(Benin); Cocks and Wiersum 2003 (South Africa); Ekesa et al. 2009 (Kenya); 
Faye et al. 2010 (Mali); Guigma et al. 2012 (Burkina Faso); Hiernaux et al. 2009 
(Mali); Johns and Kokwaro 1991 (Kenya); Johnson et al. 2013 (Malawi); Kalaba 
et al. 2008 (Zambia); Kehlenbeck et al. 2013 (SSA); Lamien et al. 1996 (Burkina 
Faso); Lamien et al. 2001 (Burkina Faso); Lykke et al. 2002 (Burkina Faso); 
Mertz et al. 2001 (Burkina Faso); Mithöfer and Waibel 2003 (Zimbabwe); 
Mojeremane and Tshwenyane 2004 (Botswana); Msola 2007 (Tanzania); Njana 
et al. 2013 (Tanzania); Ogle and Grivetti 1985 (South Africa); Okafor 1980 
(Nigeria); Powell et al. 2011 (Tanzania); Powell 2012 (Tanzania); Rowland et al. 
2015 (Dry forest); Savy et al. 2006 (Burkina Faso); Shackleton et al. 2002 (South 
Africa); Shackleton and Shackleton 2004 (South Africa); Shava 1999 (South 
Africa); Twine et al. 2003 (South Africa); Zinyama et al. 1990 (Zimbabwe)

Utilization 30 Achaglinkame et al. 2019 (Ghana); Aniah et al. 2019 (Ghana); Bayala et al. 2014 
(Sahel); Boedecker et al. 2014 (Benin); Bvenura and Sivakumar 2017 (SSA); 
Campbell 1987 (Zimbabwe); Chivandi et al. 2015 (SSA); Corkill 1949 (Sudan); 
Feyssa et al. 2011 (Ethiopia); Galloway et al. 2016 (Namibia); Glew et al. 1997 
(Ghana); Hall et al. 2019 (Malawi); Ibrahim et al. 2015 (Sudan); Johnson et al. 
2019 (Malawi); Loki and Ndyomugyenyi 2016 (Uganda); Lykke et al. 2002 
(Burkina Faso); McGarry and Shackleton 2009 (South Africa); M’Kaibi et al. 
2015 (Kenya); Moombe et al. 2014 (Zambia); Msuya et al. 2008 (Tanzania); 
Musinguzi et al. 2006 (Uganda); Ogle and Grivetti 1985 (South Africa); Powell 
et al. 2011 (Tanzania); Powell 2012 (Tanzania); Simitu 2011 (Kenya); Vivero-Pol 
et al. 2002 (Ethiopia); Shackleton et al. 2005 (South Africa); Shackleton et al. 
2002 (Sout Africa); Shava 1999 (South Africa); Shava 2000 (South Africa); 
Vinceti et al. 2018 (Burkina Faso)

Access 39 Adam and Pretzsch 2010 (Sudan); Adam et al. 2013 (Sudan); Adedayo et al. 2010 
(Nigeria); Akinnifesi et al. 2007 (SSA); Babulo et al. 2008 (Ethiopia); Bwalya 
et al. 2011 (Zambia); Clarke et al. 1996 (Zimbabwe); Cocks and Wiersum 2003 
(South Africa); Dovie et al. 2002 (South Africa); Fisher 2004 (Malawi); Harris 
and Mohammed 2003 (Nigeria); Hyder et al. 2005 (SSA); Kamanga et al. 2009 
(Malawi); Kaschula et al. 2008 (South Africa); Koffi et al.2016 (Burkina Faso); 
Lamien et al. 2001 (Burkina Faso); Legwaila et al. 2011 (Bostwana); Mamo et al. 
2007 (Ethiopia); Maroyi 2011 (Zimbabwe); Mulenga et al. 2012 (Zambia); Ncube 
et al. 2016 (South Africa); Ouedraogo et al. 2015 (Burkina Faso); Powell et al. 
2013 (Tanzania); Neudeck et al. 2012 (Botswana); Poudyal 2009 (Ghana); Roland 
et al. 2014 (South Africa); Rousseau et al. 2016 (Burkina Faso); Sardeshpande 
et al. 2019 (SSA); Schreckenberg 1999 (Benin); Schreckenberg 2004 (Benin); 
Shackleton and Shackleton 2005 (South Africa); Shackleton and Shackleton 2006 
(South Africa); Shackleton et al. 2007 (South Africa); Shackleton et al. 2008 
(South Africa); Suleiman et al 2017 (Nigeria); Walelign et al. 2013 
(Mozambique); Worku et al. 2014 (Ethiopia); Worku et al. 2011 (Ethiopia); 
Yemiru et al. 2010 (Ethiopia)

Stability 30 Agyei et al. 2019 (Ghana); Amakye 2017 (Ghana); Aniah et al. 2019 (Ghana); 
Asfaw et al. 2015 (Malawi); Atato et al. 2011 (Togo); Campbell 1986 
(Botswana); Chakona et al. 2019 (South Africa); Cordeiro 2013 (Tanzania); 
Corkill 1949 (Sudan); Faye et al. 2010 (Mali); Fentahun and Hager 2009 
(Ethiopia); Feyssa et al. 2011 (Ethiopia); Fisher et al. 2010 (Malawi); Guinand 
and Lemessa 2000 (Ethiopia); Harris and Mohammed 2003 (Nigeria); Kalaba 
et al. 2013 (Zambia); Maseko et al. 2017 (Malawi); Matiza et al. 1988 
(Zimbabwe); Msola 2007 (Tanzania); Musaba and Sheehama 2009 (Namibia); 
Musinguzi et al. 2006 (Uganda); Mwema et al. 2012 (Kenya); Paumgarten 2005 
(South Africa); Poole et al. 2016 (Burkina Faso); Powell et al. 2011 (Tanzania); 
Powell 2012 (Tanzania); Powell et al. 2013 (Tanzania); Shackleton and 
Shackleton 2004 (South Africa); Shackleton 2011 (South Africa); Vainio-Mattila 
2000 (Tanzania)


