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Abstract Despite the well-known potential of agro-
forestry systems to sustain livelihoods and ecosystem
services, their targeted adoption in the Sudano-Sahe-
lian zone of West Africa is low. To address this, we
used questionnaires with 279 farmers to understand
their socio-economic characteristics determining the
adoption of agroforestry technologies and to record
the preferred tree species in the Koulikoro region of
Mali and West-Central region of Burkina Faso. The
result of a binary logistic regression showed that
income, off farm activities, average number of owned
sheep, cooperative membership, forage security, and
maintained trees and shrubs fostered the adoption of
agroforestry technologies. Contrarily, the adoption of
agroforestry technologies was negatively influenced
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by household size and crop yield. Our data show that
agroforestry parklands are the most popular agrofor-
estry technology. The most common agroforestry tree
species in the study region was Vitellaria paradoxa
C. F. Gaertn. The dominance of V. paradoxa within
these parklands may be partly explained by the tree’s
adaptation to severe drought and fire hazards, which
are common to the study region. The study also
revealed that smallholder farmers in Mali maintained
trees on farms mainly for food security, whereas in
Burkina Faso trees were mainly kept for maintaining
soil fertility. We conclude that in all initiatives aimed
at promoting the adoption of agroforestry in the study
region, efforts should be made to consider farmers’
socioeconomic characteristics, tree preferences, and
perceptions (as identified in this study).

Keywords Arid zone - Agroforestry - Climate smart
agriculture - Decision making - Land use - Logistic
regression

Introduction

The West African Sahel comprises Burkina Faso,
Mali, Mauritania, Niger and Senegal covering an
area of about 3 million km? (UN 2023). The region
has an average population growth rate of 2.9%, which
at a current population of 93.5 million (UN 2023) is
projected to increase to 540 million by 2100 (Garenne
2016; UNFPA 2020). Since the 1980°s, the Sahel has
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received a lot of international attention because of
extended droughts which have exacerbated poverty
and malnutrition (Adeyeye et al. 2023). It is estimated
that 60% of the West African Sahelian population
are malnourished (OCDE 2020) and 40% are living
below the poverty line (AAH 2021). The majority of
people, especially those in rural communities, directly
or indirectly depend on tree components to sustain
their livelihoods. Increasing population has acceler-
ated the demands for forest products hence putting
growing pressure on forest resources. As a result, the
West African Sahel has the highest rate of deforesta-
tion and soil degradation worldwide (Sanogo et al.
2020; OECD 2022).

For decades agroforestry systems were introduced
and promoted throughout the Sahelian region of West
Africa to foster food security and environmental pro-
tection. Thereby agroforestry is referred to as a resil-
ient land use system which comprises the integration
of woody perennials with crops and/or livestock on
the same land (Nair et al. 2021). Many agroforestry
trees provide fruits especially after the cropping
season, fuelwood, timber, and resin which serve as
source of food and cash as these products are sold
(Assogbadjo et al. 2012). For some species prunning
of leaves and twigs offers nutritious fodder (Bazié
et al. 2012; Zampaligré 2012). Nitrogen fixation by
leguminous trees and annual litterfall supply nitrogen,
phosphorus, and organic material to improve soil fer-
tility (Kho et al. 2001). Also, incorporation of trees
in agricultural landscapes may contribute to biodiver-
sity conservation and carbon sequestration (Meragiaw
2017; Neya et al. 2020).

Despite the numerous documented benefits of
agroforestry systems (Boffa 1999; Swallow et al.
2006; Binam et al. 2017; Bayala et al. 2018; Nair
et al. 2022; Afework et al. 2023), and decades-long
efforts to make them popular among farmers, their de
novo adoption in the West African Sudano-Sahelian
zones has been low (Sanou et al. 2019). Newly estab-
lished agroforestry systems by themselves may have
little impact on quickly improving farmer livelihoods
and enhancing ecosystem services (Kiyani et al.
2017; Afework et al. 2023). Most studies focused on
the biophysical and economical aspects of agrofor-
estry systems and neglect social aspects (Binam et al.
2017; Sanogo et al. 2020). According to Tega and
Bojago (2023) farmers’ socioeconomic characteristics
such as farm size, education, extension service, and
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soil erosion are important determinants for agrofor-
estry adoption in Ethiopia. In Tanzania agroforestry
adoption is determined by farmers’ involvement in
agroforestry projects, type of land, perception about
rainfall, land and agroforestry rights, and readiness to
invest in improving soil fertility (Jha et al. 2021). Evi-
dently, agroforestry practices vary with geographic
location reflecting differences in socio-economic
conditions, farm management, and institutional char-
acteristics influencing their adoption. To satisfy local
needs and preferences it is important that promo-
tion of agroforestry is based on adequate knowledge
about household characteristics. Our study addresses
existing knowledge gaps in the West African Sudano-
Sahelian zone concerning farmers’ attitudes to and
preferences for agroforestry systems by (i) determin-
ing relevant socioeconomic characteristics and farm
management practices, and (ii) identifying adopted
agroforestry technologies and farmers’ perception
on maintained trees/shrubs species in croplands.
Our conceptual framework addresses factors which
directly influence whether farmers adopt agroforestry
practices or not (Fig. 1).

Materials and methods
Study area

The study was conducted in the Koulikoro region
(17.57° N, 4.00° W) of Mali and the West-Central
region (12.24° N, 1.56° W) of Burkina Faso. Both
regions are located in the Sudano-Sahelian zone of
Mali and Burkina Faso. In Mali, the Sudano-Sahelian
zone has a three decades annual average rainfall rang-
ing from 550 to 800 mm and temperatures from 24
to 29 °C (World-Bank 2017; Dembélé et al. 2020).
For Burkina Faso, the Sudano-Sahelian zone has a
three decades average annual rainfall ranging from
600 to 900 mm, and temperatures from 25 to 30 °C
(De Longueville et al. 2016; Balima et al. 2020). Both
study locations are dominated by heavily leached
tropical ferruginous soils (Hien 2004) with the veg-
etation subjected to annual bush fires (Caillault et al.
2010; Aboul-Hadi et al. 2023). Consequently, the
vegetation is characterized by a continuous grass
layer dotted with scattered, open canopy trees (Bay-
ala et al. 2014). Within the study areas, agriculture
is dominated by the cultivation of maize (Zea mays
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Fig. 1 Conceptual framework of agroforestry technologies adoption in the Sudano-Sahelian zones of Mali and Burkina Faso

L.), millet (Pennisetum glaucum L.R. Br.) and sor-
ghum (Sorghum bicolor L.) under the aforementioned
scattered trees in an open parkland systems regularly
grazed by herds of small and large ruminants after
croplands have been harvested (Kabore et al. 2015).
For this study, we purposely selected three typical
Sudano-Sahelian villages in each country. For many
years, all six villages have experienced the presence
of agricultural research and developmental projects.
In the Koulikoro Region of Mali, we selected the vil-
lages Mafeya, Féya and Tanabougou. In Burkina
Faso’s West Central region, we studied Saria,
Tempelga, and Ramonkodogo. Among the 764 house-
holds within the study area, the number of household
heads interviewed for each village was determined by

applying the 10% population rate proposed by
Yamane (1967): n = ﬁ, where n is the sample

size, N is the population size, and e is the precision
level. Subsequently, 279 household heads from both
study locations (103 for Mali and 176 for Burkina
Faso) were randomly selected for interviews.

Interviews

Closed and open-ended questions were used to record
farmers’ socioeconomic characteristics, farm man-
agement practices and perceptions about agroforestry
trees. Questionnaires were pre-tested through focus
groups discussions with farmers, extension officers,
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local government officers and NGOs. The 279 farm-
ers used for the study were selected randomly from a
farmer list obtained from agriculture extension offic-
ers at each study location. The primary data obtained
through the questionnaire were complemented by sec-
ondary data obtained from extension officers, NGOs,
members of research institutions and local govern-
ment officials. Extension officers supplied farmer
lists, farm sizes and production systems whereas
information on innovative agricultural technology
introduced in the study area was provided by the local
agriculture extension office of Koulikoro for Mali
and the Saria station of the Institute of the Environ-
ment and Agricultural Research (INERA) for Burkina
Faso.

Data analysis

Student t-tests were used to determine the socioeco-
nomic and farm characteristic differences between
farmers in Mali and Burkina Faso. Descriptive sta-
tistics were employed to show farmers’ perceptions
about trees and applied agroforestry technologies.
Binary logistic regression was used to understand
farmers’ decision to either adopt or reject agrofor-
estry technologies based on their socioeconomic and
farm characteristics (Table 1). A farmer can only
adopt or reject an agroforestry technology, which was
modelled as:

P(y) = expo (By + B,)/(1 +expo (By + B,)),

where y is the vector of binary response variables for
a household that takes the values 1 for yes and O for
no, and X is the matrix that contains the socio-eco-
nomic characteristics of the household, and the farm
characteristics. f, and f, are coefficients estimated
based on the data: P(y)=probability of the event y
coded with 1 when happening and otherwise 0. The
logit was modelled as:

10git<1f(}}>,zy_i—ili(|l))(i)> = Po + Prxit + Prxiz + - + Prxitereis
where 1 — P(y;=11X)) is the probability of adopting
agroforestry technologies, and ei is the error term of
the binomial logit model. Data analyzed in binary
logistic regression models were tested for multicol-
linearity which led to the removal of farmers’ age
and experience since they had a variation inflation
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Table 1 Variables of the model used in the logit model for
agroforestry technologies adoption in the Sudano-Sahelian
zones of Mali and Burkina Faso

Independent variables Categorical units

Level of education Years
Farm size ha
Fertilizer application kg ha™!
Household size Individuals
Average income US$/year
Number of different crops grown by Species
farmer
Number of farms owned by farmer Number
Number of off farm activities applied by Activity
farmer
Number of sheep owned by farmer Heads
Number of trees/shrubs in farm Species

Yield kg ha™!
Cooperative membership Yes=1and no=0
Access to credit Yes=1and no=0
Access to extension service Yes=1and no=0
Forage security Yes=1and no=0

Agroforestry technology adoption Yes=1and no=0

Numbers presented are means and respective standard errors
of the mean in parenthesis. The conversion rate for average
income was 619 XOF to 1 US$

factor>4. After the elimination of these two vari-
ables, the Akaike information criterion declined from
329 to 319 suggesting a better model fit.

Results
Profile of the respondents

The average age of farmers in the two study locations
was 58 years, whereby in the West-Central region the
average farmer’s age was 9% higher (p <0.01) than in
Koulikoro (Table 2). Similarly, the number of differ-
ent crops grown, years of experience in farming and
level of education in the West-Central region were
25%, 27%, and 33% respectively, higher (p<0.01)
than in Koulikoro. Contrarily farm size, household
size, and average income in Koulikoro, were 84%,
10%, and 16% respectively, higher (» <0.01) than in
West-Central Burkina Faso. Average number of off
farm activities in Koulikoro was 67% lower (p <0.01)
than in West-Central Burkina Faso where farmers
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Table 2 ‘So'cioeconomic . Variables Koulikoro Mali West-Central BF p value
characteristics of farmers in
the Sudano-Sahelian zone Age (years) 55.00 (1.44) 60.00 (1.26) <0.01
of Koulikoro (n=103) in Experience in farming (years) 39.65 (1.44) 50.22 (1.26) <0.01
Mali and the West-Central
region of Burkina Faso Level of education (year) 3.17 (0.21) 4.21(0.11) <0.01
(n=176) Farm size (ha) 7.78 (0.59) 4.22 (0.24) <0.01
Fertilizer application (kg ha™") 177.18 (189.37) 115.82 (150.84) <0.01
Household size 17.91 (1.57) 16.27 (1.02) 0.36
Average income (US$ year‘l) 384.68 (33.98) 333.00 (25.91) 0.23
Number of different crops grown 4.00 (0.14) 5.00 (0.10) <0.01
Number of farms owned 2.00 (0.12) 3.00 (0.09) 0.27
Number of off farm activities 3.00 (0.12) 1.00 (0.08) <0.01
Number of sheep owned 5.00 (1.00) 7.00 (0.66) 0.15
Number of trees/shrubs in farm 3.00 (0.21) 5.00 (0.24) <0.01
Yield (kg ha™") 514.47 (36.84) 325.65 (18.77) <0.01
Cooperative membership (%)
Yes 75.73 74.43
No 4.27 25.57
Access to credit (%)
Yes 28.16 0.00
No 71.84 100.00
Access to extension service (%)
Numbers presented are Yes 7573 62.50
s i pethe No
mean in parenthesis. The Forage security (%)
exchange rate used rate for Yes 88.00 50.00
average income was 619 No 12.00 50.00
XOF to 1 US$

maintained 67% more trees and shrubs in their farms
than in Koulikoro (p<0.01). The two study loca-
tions had a similar percentage of farmers involved in
farmer cooperatives, however, in Koulikoro 28% and
13% more farmers had access to credit and extension
service respectively, than in West-Central Burkina
Faso. Furthermore, 38% more of the farmers in Kou-
likoro felt forage secure than in West-Central Burkina
Faso.

Socioeconomic characteristics influencing the
adoption of Agroforestry technologies

The results of binary logistic regressions showed
that average income, off farm activities, average
number of owned sheep, cooperative membership,
forage security, and maintained trees and shrubs
enhanced the adoption of agroforestry technologies
(Table 3). On the other hand, household size and
crop yield hampered farmer adoption. As indicated

by Nagelkerke’s R2, value, 38% of the variation in the
adoption of agroforestry technology was explained
by the afore-mentioned socioeconomic characteris-
tics. A non-significant (p =0.33) Hosmer-Lemeshow
test showed that the data fitted the binomial logistic
regression model well.

Adopted agroforestry technologies and tree species
composition

On average 90% of farmers had adopted some park-
land management approach (Fig. 2). The second most
important agroforestry technology was the establish-
ment of fodder banks which was practiced by 50% of
the farmers in our study. West-Central Burkina Faso
had 12% more farmers adopting windbreaks than in
Koulikoro.

With an average use in 89% of the surveyed HHs,
Vitellaria paradoxa C. F. Gaertn. was the most pop-
ular tree species maintained in both the Koulikoro
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Table 3 Socio-economic

o Variables Estimate (f5) Std. Error Odds ratio Pr(>Izl)
factors determining the
adoption of agroforestry (Expf)
technologies in the Sudano- Level of education 0.113 0.087 1.120 0.195
isnaﬁgﬁflgﬁ:gi‘:zhkom Farm size 0016 0.035 1.016 0.641
Central region of Burkina Household size —0.045%*%* 0.014 0.956 0.001
Faso Average income 0.000%* 0.000 1.000 0.016
Number of different crops grown 0.200 0.116 1.222 0.085
Number of farms owned 0.081 0.132 1.084 0.542
Number of off farm activities 0.345%%* 0.133 1.412 0.010
Number of owned sheep 0.057* 0.022 1.059 0.010
Tree/Shrubs maintained 0.302 0.067 1.352 0.000
Yield —0.0033%:* 0.001 0.997 0.001
Cooperative membership 0.729%* 0.340 2.073 0.032
Access to credit 0.099 0.539 1.104 0.854
Access to extension service 0.587 0.321 1.798 0.067
Forage security 0.459* 0.181 1.583 0.011
Intercept —3.4925%:k% 0.858 0.030 0.000
Model specifications
Number of observations 279
Percentage correct (%) 65
Log likelihood —144.572
*Significant at p <0.05, Hosmer-Lemeshow 0.328
**Significant at p <0.01, Nagelkerke R2 0.384

*#%Significant at p <0.001

H Koulikoro 0 West-Central
100

90
80
70
60
50
40
30
20
10

Frequency (%)

Fodder Bank
Homegarden
Live hedge
Parklands
Shifting cultivation
Windbreak

Adopted technologies

Fig. 2 Adopted agroforestry technologies in the Sudano-Sahe-
lian zone of Koulikoro in Mali and the West-Central region of
Burkina Faso
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region of Mali and in West-Central Burkina Faso
(Fig. 3). Asides from V. paradoxa, Parkia biglobosa
(Jacq.) R.Br. ex G.Don., Lannea microcarpa Engl.
& K.Krause., Mangifera indica L. and Sclerocarya
birrea (A. Rich.) Hochst. were the most common tree
and shrub species in both study regions. Whereas P.
biglobosa ranked second most popular in Koulikoro,
in West-Central Burkina Faso it ranked sixth.

Farmers at the different study sites were motivated
by different reasons to maintain tree and shrub species
(Fig. 4). Food security contributed on average 45% to
the reported tree benefits in Koulikoro whereas it was
18% in West-Central Burkina Faso. Contrary to the
latter location where soil fertility accounted for 29%
of total tree benefits, in Koulikoro it only contrib-
uted 12%. For the same tree species, farmers in the
different study locations were motivated by different
reasons for maintaining them in their farms: whereas
the majority of farmers in Koulikoro kept L. micro-
carpa for food security, in West-Central Burkina Faso
it was mainly maintained for fuelwood and soil fer-
tility. Similarly, Adansonia digitata L. and Tamarin-
dus indica L. were important for 14% of the farmers
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Fig. 3 Farmers’ perceptions on the ten popular tree and shrub
species maintained open-parkland of the Sudano-Sahelian zone
of Koulikoro in Mali (A) and the West-Central region in Bur-
kina Faso (B)

in Koulikoro and West-Central Burkina Faso, who
cited income diversification as a driving force for its
management.

Discussion
Socio-economic characteristics

The average farm size of 6 ha within our study is
consistent with the average farm size of 5 ha for the
parkland agroforestry in the Sahelian Region reported
by Luedeling and Neufeldt (2012). This suggests
that there is a high potential for agroforestry adop-
tion whereby Tega and Bojago (2023) reported that
large farm size hastens the adoption process. The
fact that Koulikoro has more arable land available

A === Food security === Income diversification zzzzz Soil fertility
—= Fuelwood No specific reason

V. paradoxa _ &%

T. indica

P. biglobosa

L. microcarpa

A digitata B 7
20 40 60 80 100

P. reticulatum -

L. microcarpa

V. paradoxa

0 20 40 60 80 100
% of farmers

D. mespiliformis

A. indica

Fig. 4 Farmers’ perceptions on positive attributes of five com-
mon tree species maintained in open-parkland of the Sudano-
Sahelian zone of Koulikoro in Mali (A) and West-Central in
Burkina Faso (B)

than West-Central Burkina Faso (Sounko and Mariko
2020) explains why here farm sizes are larger than
in West-Central Burkina Faso. Another reason for
bigger farm sizes in Koulikoro is the availability of
labour, which is supported by our finding of large
household sizes in Koulikoro. As a response to
land scarcity, farmers in West-Central Burkina Faso
(Roose et al. 1994; Hauchart 2007) grow a higher
number of different crops on the same piece of land
than those in Koulikoro. In the wake of increasing
climatic variability in the study area, crop diversifi-
cation may increase cropping systems’ resilience and
stability (Assogbadjo et al. 2012). Farmers in Kou-
likoro have higher crop yields than those in West-
Central Burkina Faso because they apply more min-
eral fertilizer (Table 2). As farmers in West-Central
Burkina Faso maintained more trees in their farms
than those in Koulikoro, lower crop yields can also
be attributed to increased competition for light and
water between crops and trees. The adverse effect
of resource competition between trees and crops in
Parkland systems is well documented for the Sudano-
Sahelian zone (Bazié et al. 2012; Sanou et al. 2012).
However, this shortfall in crop yield is compensated
by tree products such as fuelwood, timber, fruits,
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gums, and resins (Bayala et al. 2014, 2019). The pro-
vision of such multiple tree products becomes espe-
cially important when crops are out of season and /or
during crop failures.

Socio-economic household characteristics influencing
adoption of agroforestry technologies

The finding of household size hampering the adop-
tion of agroforestry is similar to observations made
by Pello et al. (2021) in arid and semi-arid regions
of Kenya. One important intervention to help solve
this problem is the integration of family planning
education into agriculture extension services (Her-
rera et al. 2021). Similarly to Owombo and Idu-
mah (2017) and Alabi et al. (2023) we found that
a farmer’s membership in a cooperative increases
the probability of adopting agroforestry technol-
ogy more than two-fold. Farmer associations offer
opportunities for networking, which creates an
enabling environment for knowledge and experi-
ence sharing. Additionally, in the dissemination of
agricultural innovations members of cooperatives
are the first beneficiaries. This suggests that prior
to the introduction of an agroforestry practice in a
locality without farmer cooperatives such structures
merit to be established. As underlined by Zerihun
et al. (2014) and Owombo & Idumah (2017), this
study also found that farmers are twice as likely to
adopt agroforestry technology if they have access
to credit. The latter is very important especially in
the Sudano-Sahelian zone where farmers heavily
rely on external cash to purchase farm inputs dur-
ing the cropping season (Sanou et al. 2019; Ibrahim
and Nabage 2023). Access to extension services
has been found to promote the adoption of sustain-
able agricultural practices (Owombo and Idumah
2017; Admasu and Jenberu 2022; Alabi et al. 2023),
which confirms our observation that farmers with
access to extension services have a two-fold higher
likelihood of adopting agroforestry technologies.
Farmer field visits are not only important to train
farmers on tree nursery practices, planting, nurtur-
ing, and harvesting trees but it also helps to expose
farmers to current innovations in agroforestry
technologies. Our findings contradict Ibrahim and
Nabage (2023) whereby in our study regions farm-
ers’ contact with research and development institu-
tions was much closer. Since the Sudano-Sahelian
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zone is characterised by shortage of quality pasture
(Ouédraogo et al. 2021), any land use guarantee-
ing fodder security, including agroforestry, likely
hastens adoption. Our results suggest that farmers
who engage in off-farm activities and have higher
income will more easily adopt agroforestry technol-
ogies because their livelihood is not solely depend-
ent on farm yields. Enhanced financial security
may induce farmers to engage in long term invest-
ments allowing to generate higher crop yields in
the future. This is consistent with the data of Gebru
et al. (2018) on the adoption of agroforestry in Paki-
stan. According to Zerihun et al. (2014) the larger
the number of livestock, the higher the likelihood
of adoption of agroforestry technologies, a trend
that has been also observed in our study. This is
due to the availability of fodder from tree leaves
especially during the dry season when other fod-
der sources are scarce. Large herd size also allows
high amount of manure to be available for soil fer-
tilization. The design of successful agroforestry
technologies may require the inclusion of woody
plants that offer substantial fodder all year round.
Evidence shows that farmers who have a larger
number of trees and shrubs in their croplands are
more likely to implement agroforestry technologies
as they have first-hand experience of the benefits of
trees on their croplands. These benefits include soil
fertility maintenance (Sanou et al. 2012), modifica-
tion of the microclimate (Bayala et al. 2014), and
income diversification (Guuroh et al. 2012; Nnko
et al. 2022). The negative relationship between crop
yields and the adoption of agroforestry technolo-
gies may be due to competition between trees and
crops leading to lower crop yields (Bayala et al.
2012), which deters farmers from adopting these
technologies. A the negative relationship between
crop yields and agroforestry adoption has also been
reported by Mwase et al. (2015) from South Africa.
In the present study area farm sizes are small and
farmers are resource poor, and thus likely more
risk averse than elsewhere (Binam et al. 2015; Jha
et al. 2021; Ibrahim and Nabage 2023). Hence the
adoption of any technology which increases their
risk of yield reduction will likely deter them from
adopting. Tree crop competition can be reduced by
pruning and pollarding. Pearl millet (Pennisetum
glaucum L.) grain and biomass yield was reported
to increase when V. paradoxa and P. biglobosa
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were pruned due to reduce above and below ground
resource competition (Bayala et al. 2002, 2004). It
may therefore be important to train farmers in such
tree management practices to maximize benefits of
agroforestry technologies.

Adoption of agroforestry technologies and tree
species composition

Confirming earlier studies (Boffa 1999; Bayala
et al. 2015), we observed that parklands are the
most dominant land use in the Sudano-Sahelian
zones of Mali and Burkina Faso reflecting many
centuries of local traditions in semi-arid Africa
(Neya et al. 2019; Sanou et al. 2022; Sehoubo et al.
2023). In these parklands, V. paradoxa was the most
dominant tree species maintained in both, the Kou-
likoro region of Mali and in West-Central region of
Burkina Faso. The dominance of V. paradoxa in our
study confirms the report that it constitutes 80% of
tree species in agroforestry systems in Mali (Nou-
vellet et al. 2006) and Burkina Faso (Bazié et al.
2018; Sanou et al. 2022). Ecologically this domi-
nance can be explained by the shea tree’s adapta-
tion to even severe drought conditions due to it long
tap root allowing for water uptake from deeperr soil
layers (Azongnide et al. 2021). Economically, the
fruits and butter from processed fruits of tree spe-
cies serve as a food source due to their often high
nutritional value (Neya et al. 2019; Ky-Dembele
et al. 2021), and provide cash income when the
products are sold (Guuroh et al. 2012; Bayala et al.
2014). Wood from the shea tree is suitable as a fuel-
wood, charcoal, and construction material (Bénaga-
bou et al. 2017; Sanou et al. 2019). Through annual
litterfall of 1.4 t DM ha~!, the tree is an important
source of organic matter for small scale resource
poor farmers (Traore et al. 2004). Asides from V.
paradoxa, the two study locations were also char-
acterized by other tree species because of diverse
farmer needs. The dominance of A. digitata, P.
biglobosa, M. indica and T. indica in Koulikoro
reflects farmers interest in food security (45%,
Fig. 4) given their generally large household size
(Table 2). Because farmers in West-Central Bur-
kina Faso apply less mineral fertilizer, they prefer
to maintain trees with high litterfall to sustain soil
fertility (Abdoulaye and Boni 2020).

Conclusions

Our study showed that in the Sudano-Sahelian zone
of West Africa, the key socio-economics character-
istics and management practices determining agro-
forestry technology adoption by farmers are income,
household size, number of off-farm activities, num-
ber of sheep owned, forage security, membership
in a cooperative, crop yield and off-farm income.
Parklands dominated by V. paradoxa are the domi-
nant agroforestry system in the Sudano-Sahelian
zone studied. Based on specific geographic location
needs, farmers maintain the same tree species to
satisfy diverse needs. Hence farmers in Koulikoro,
Mali keep trees in their farms mainly for food secu-
rity whereas those in West-Central Burkina Faso
maintain them for soil fertility. Design and exten-
sion of agroforestry technologies should be adapted
to local environmental and socio-economic condi-
tions. This will guarantee that local farmers’ imme-
diate needs and expectations are better understood
and effectively met.

Acknowledgements We express our gratitude to the German
Academic Exchange Service (DAAD) for providing a Ph.D.
scholarship (No. 57552340) to the first author and to the EU-
funded Horizon 2020 project SustainSahel (No. 861974) for
providing financial support. We extend our thanks to the IPR/
IFRA of Katibougou, Mali for hosting the fieldwork activi-
ties of this study. Our sincere thanks also go to Prof. Moussa
Karembé and Dr. Barthélémy Yelemou for their invaluable
assistance in organizing this study’s fieldwork. We highly
appreciate the support provided by Adama Diarra, Adama
Diarra Jr., Arouna Diarra, Doukoro Diarra, Bourama Camara,
Mamadou Coulibaly, Grégoire Palé¢, Koudouce Kabore and
the Dramane Diarra-family and friends who contributed to this
work by assisting in the field during data collection.

Author contributions S.F. and D.K.A. did the field work
and wrote the main manuscript text, S.G. advised methodologi-
cally, S.L. and S.S. contrubuted with data and advise, and A.B.
and S.G. conceptualised the study and secured funding. All
authors reviewed the manuscript.

Funding Open Access funding enabled and organized by
Projekt DEAL.

Data availability Original data is made available by the
authors upon reasonable request.

Declarations

Competing interests The authors declare no competing inter-
ests.

@ Springer



2394

Agroforest Syst (2024) 98:2385-2396

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

AAH (2021) Precarious situation in the Sahel, urgent action
needed to face the lean season

Abdoulaye T, Boni UN (2020) Management and use of wood
resources in agroforestry parks in the Northern Suda-
nian Zone of Burkina Faso. Int J Innov Sci Res Technol
5:437-445

Aboul-Hadi SO, Omoul-kairou NM, Soulé M (2023) Effects of
bush fires on biodiversity in West Africa Sahel: a review.
Res Ecol 5:40-50. https://doi.org/10.30564/re.v5i2.5140

Adeyeye SAO, Ashaolu TJ, Bolaji OT et al (2023) Africa and
the nexus of poverty, malnutrition and diseases. Crit Rev
Food Sci Nutr 63:641-656. https://doi.org/10.1080/10408
398.2021.1952160

Admasu TG, Jenberu AA (2022) The impacts of apple-based
agroforestry practices on the livelihoods of smallholder
farmers in Southern Ethiopia. Trees for People 7:100205.
https://doi.org/10.1016/j.tfp.2022.100205

Afework A, Sewnet Minale A, Teketay D (2023) Livelihood
benefits and challenges of Acacia decurrens-based agro-
forestry system in Awi Zone highlands, Northwest Ethio-
pia. For Trees Livelihoods 00:1-21. https://doi.org/10.
1080/14728028.2023.2268646

Alabi OO, Bayei JDA, Jeremiah S et al (2023) Technical effi-
ciency of agroforestry production technology among
smallholder farmers in Kaduna State, Nigeria. Aust J Sci
Technol 7:362-373. https://doi.org/10.31015/jaefs.2023.2.
15

Assogbadjo AE, Glele Kakai R, Vodouhé FG et al (2012) Bio-
diversity and socioeconomic factors supporting farmers’
choice of wild edible trees in the agroforestry systems of
Benin (West Africa). For Policy Econ 14:41-49. https://
doi.org/10.1016/j.forpol.2011.07.013

Azongnide GG, Ouinsavi C, Zinsou V (2021) Scientific knowl-
edge on Vitellaria paradoxa, a vulnerable species: state of
research works and perceptive. Int J Res Stud Biosci 9:39—
51. https://doi.org/10.20431/2349-0365.0901005

Balima LH, Nacoulma BMI, Bayen P et al (2020) Agricultural
land use reduces plant biodiversity and carbon storage in
tropical West African savanna ecosystems: implications
for sustainability. Glob Ecol Conserv 21:e00875. https://
doi.org/10.1016/j.gecco.2019.e00875

@ Springer

Bayala J, Teklehaimanot Z, Ouedraogo SJ (2002) Millet pro-
duction under pruned tree crowns in a parkland system in
Burkina Faso. Agrofor Syst 54:203-214. https://doi.org/
10.1023/A:1016058906682

Bayala J, Teklehaimanot Z, Ouedraogo SJ (2004) Fine root dis-
tribution of pruned trees and associated crops in a park-
land system in Burkina Faso. Agrofor Syst 60:13-26

Bayala J, Sileshi GW, Coe R et al (2012) Cereal yield response
to conservation agriculture practices in drylands of West
Africa: a quantitative synthesis. J Arid Environ 78:13-25.
https://doi.org/10.1016/j.jaridenv.2011.10.011

Bayala J, Sanou J, Teklehaimanot Z et al (2014) Parklands for
buffering climate risk and sustaining agricultural produc-
tion in the Sahel of West Africa. Curr Opin Environ Sus-
tain 6:28-34. https://doi.org/10.1016/J.COSUST.2013.10.
004

Bayala J, Sanou J, Teklehaimanot Z et al (2015) Advances in
knowledge of processes in soil-tree-crop interactions in
parkland systems in the West African Sahel: a review.
Agric Ecosyst Environ 205:25-35

Bayala J, Ayantunde AA, Somda J et al (2018) Methodologi-
cal guide: Community participatory inventory and pri-
oritization of climate-smart crop-livestock agroforestry
technologies/practices

Bayala J, Sanou J, Kalinganire A et al (2019) Running head:
Tree-crop-livestock integration tree, crop, and livestock
integration in Burkina Faso and Mali. Bamako, Mali

Bazié HR, Bayala J, Zombré G et al (2012) Separating compe-
tition-related factors limiting crop performance in an agro-
forestry parkland system in Burkina Faso. Agrofor Syst
84:377-388. https://doi.org/10.1007/s10457-012-9483-y

Bazié HR, Sanou J, Bayala J et al (2018) Temporal variations
in transpiration of Vitellaria paradoxa in West African
agroforestry parklands. Agrofor Syst 92:1673-1686.
https://doi.org/10.1007/s10457-017-0115-4

Bénagabou OI, Blanchard M, Bougouma Yaméogo VMC et al
(2017) L’intégration agriculture-élevage améliore-t-elle
I’efficience, le recyclage et I’autonomie énergétique brute
des exploitations familiales mixtes au Burkina Faso? Rev
Elev Med Vet Pays Trop 70:31. https://doi.org/10.19182/
remvt.31479

Binam JN, Oduol J, Place F, Kalinganire A (2015) Unlocking
market potential of agroforestry products among small-
holder farmers in the Sahelian and Sudanian Ecozone
Countries of West Africa. Small-Scale For 14:507-529.
https://doi.org/10.1007/s11842-015-9303-0

Binam JN, Place F, Djalal AA, Kalinganire A (2017) Effects
of local institutions on the adoption of agroforestry
innovations: evidence of farmer managed natural regen-
eration and its implications for rural livelihoods in the
Sahel. Agric Food Econ 5:2-28. https://doi.org/10.1186/
S40100-017-0072-2

Boffa JM (1999) Agroforestry parklands in sub-Saharan Africa.
FAO, Rome

Caillault S, Ballouche A, Delahaye D (2010) Organisation spa-
tio-temporelle des feux de brousse. Approche comparative
au Burkina Faso. Neuviémes Rencontres Théo Quant 4—6

De Longueville F, Hountondji YC, Kindo I et al (2016) Long-
term analysis of rainfall and temperature data in Burkina
Faso (1950-2013). Int J Climatol 36:4393—4405. https://
doi.org/10.1002/JOC.4640


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.30564/re.v5i2.5140
https://doi.org/10.1080/10408398.2021.1952160
https://doi.org/10.1080/10408398.2021.1952160
https://doi.org/10.1016/j.tfp.2022.100205
https://doi.org/10.1080/14728028.2023.2268646
https://doi.org/10.1080/14728028.2023.2268646
https://doi.org/10.31015/jaefs.2023.2.15
https://doi.org/10.31015/jaefs.2023.2.15
https://doi.org/10.1016/j.forpol.2011.07.013
https://doi.org/10.1016/j.forpol.2011.07.013
https://doi.org/10.20431/2349-0365.0901005
https://doi.org/10.1016/j.gecco.2019.e00875
https://doi.org/10.1016/j.gecco.2019.e00875
https://doi.org/10.1023/A:1016058906682
https://doi.org/10.1023/A:1016058906682
https://doi.org/10.1016/j.jaridenv.2011.10.011
https://doi.org/10.1016/J.COSUST.2013.10.004
https://doi.org/10.1016/J.COSUST.2013.10.004
https://doi.org/10.1007/s10457-012-9483-y
https://doi.org/10.1007/s10457-017-0115-4
https://doi.org/10.19182/remvt.31479
https://doi.org/10.19182/remvt.31479
https://doi.org/10.1007/s11842-015-9303-0
https://doi.org/10.1186/S40100-017-0072-2
https://doi.org/10.1186/S40100-017-0072-2
https://doi.org/10.1002/JOC.4640
https://doi.org/10.1002/JOC.4640

Agroforest Syst (2024) 98:2385-2396

2395

Dembélé M, Schaefli B, van de Giesen N et al (2020). Suit-
ability of 17 gridded rainfall and temperature datasets
for large-scale hydrological modelling in West Africa.
HESS  24(11):5379-5406.  https://doi.org/10.5194/
hess-24-5379-2020

Garenne M (2016) La pression de la population dans les pays
Sahéliens francophones: Analyse des estimations et pro-
jections de population 1950-2100. ECONSTOR 1-31

Gebru GW, Ichoku HE, Phil-Eze PO (2018) Determinants
of livelihood diversification strategies in Eastern Tigray
Region of Ethiopia. Agric Food Secur 7:1-10. https://
doi.org/10.1186/s40066-018-0214-0

Guuroh RT, Uibrig H, Acheampong E (2012) Homegardens
as a Source of Income for Rural Households-A case
study of Bieha District, Southern Burkina Faso. J Agric
Sci Technol B 2:798-813

Hauchart V (2007) Durabilité de I’agriculture en fonction
des pratiques culturales actuelles et conseillées (Burkina
Faso et Nord Ghana). Volta Basin Focal Project Report
N° 2. IRD, Montpellier, France, and CPWF, Colombo,
Sri Lanka. Montpellier, France, and CPWF, Colombo,
Sri Lanka

Herrera JP, Rabezara JY, Ravelomanantsoa NAF et al (2021)
Food insecurity related to agricultural practices and
household characteristics in rural communities of north-
east Madagascar. Food Secur 13:1393-1405. https://doi.
org/10.1007/s12571-021-01179-3

Hien E (2004) Dynamique du carbone dans un acrisol fer-
rique du Centre Ouest Burkina: influence des pratiques
culturales sur le stock et la qualité de la matiere orga-
nique. ENSAM

Ibrahim II, Nabage OHA (2023) Factors influencing adoption
of agroforestry farming. J Agripreneursh Sustain Dev
6:89-100

Jha S, Kaechele H, Sieber S (2021) Factors influencing the
adoption of agroforestry by smallholder farmer house-
holds in Tanzania: case studies from Morogoro and
Dodoma. Land Use Policy 103:105308. https://doi.org/
10.1016/j.1andusepol.2021.105308

Kabore NP, Ouedraogo A, Some L, Millogo-Rasolodimby
J (2015) Les facteurs determinants de la production de
céréales seches en zone Soudano-Sahélienne du Burkina
Faso [The driving factors of dry cereals production in
the Sudano-Sahelian zone of Burkina Faso]. Int J Innov
Appl Stud 11:214-230

Kho RM, Yacouba B, Yayé M et al (2001) Separating the
effects of trees on crops: the case of Faidherbia albida
and millet in Niger. Agrofor Syst 52:219-238. https://
doi.org/10.1023/A:1011820412140

Kiyani P, Andoh J, Lee Y, Lee DK (2017) Benefits and chal-
lenges of agroforestry adoption: a case of Musebeya sec-
tor, nyamagabe district in southern province of Rwanda.
For Sci Technol 13:174-180. https://doi.org/10.1080/
21580103.2017.1392367

Ky-Dembele C, Bayala J, Boffa J-M et al (2021) Shea Tree
Crop Management in West Africa. Tree Commod Resil-
ient Green Econ Africa Nairobi, Kenya World Agrofor

Luedeling E, Neufeldt H (2012) Carbon sequestra-
tion potential of parkland agroforestry in the Sahel.
Clim Change 115:443-461. https://doi.org/10.1007/
$10584-012-0438-0

Meragiaw M (2017) Role of agroforestry and plantation on cli-
mate change mitigation and carbon sequestration in Ethio-
pia. J Tree Sci 36:1-15. https://doi.org/10.5958/2455-
7129.2017.00001.2

Mwase W, Sefasi A, Njoloma J et al (2015) Factors affect-
ing adoption of agroforestry and evergreen agriculture in
Southern Africa. Environ Nat Resour Res 5:1927-2488.
https://doi.org/10.5539/enrr.v5n2p148

Nair PKR, Kumar BM, Nair VD (2021) An introduction to
agroforestry, 2nd edn. Springer, Dordrecht

Nair PKR, Kumar BM, Nair VD (2022) Ecosystem services
of agroforestry: an introduction. In: An introduction to
agroforestry: four decades of scientific developments, pp
477-486

Neya T, Neya O, Abunyewa AA (2019) Agroforestry parkland
profiles in three climatic zones of Burkina Faso. Int J Biol
Chem Sci 12:2119. https://doi.org/10.4314/ijbcs.v12i5.14

Neya T, Abunyewa AA, Neya O et al (2020) Carbon sequestra-
tion potential and marketable carbon value of smallholder
agroforestry parklands across climatic zones of Burkina
Faso: current status and way forward for REDD+ imple-
mentation. Environ Manag 65:203-211. https://doi.org/
10.1007/s00267-019-01248-6

Nnko LE, Kashaigili JJ, Monela GC et al (2022) The extent of
adoption of agroforestry systems and practices and con-
servation implications in Kilombero District, Tanzania.
East Afr J For Agrofor 5:105-117. https://doi.org/10.
37284/eajta.5.1.766

OCDE (2020) Crise Alimentaire Et Nutritionnelle 2020 Analy-
ses & Réponses

OECD (2022) Environmental fragility in the Sahel. OECD,
Berlin

Ouédraogo K, Zaré A, Korbéogo G et al (2021) Resilience
strategies of West African pastoralists in response to
scarce forage resources. Pastoralism 11:3-14. https://doi.
org/10.1186/s13570-021-00210-8

Owombo PT, Idumah FO (2017) Determinants of agroforestry
technology adoption among arable crop farmers in Ondo
state, Nigeria: an empirical investigation. Agrofor Syst
91:919-926. https://doi.org/10.1007/s10457-016-9967-2

Pello K, Okinda C, Liu A, Njagi T (2021) Factors affect-
ing adaptation to climate change through agroforestry in
Kenya. Land 10:1-17. https://doi.org/10.3390/1and 100403
71

Roose E, Kabore V, Guenat C (1994) Le zai, une technique
traditionnelle africaine de réhabilitation des terres dégra-
dées de la région soudano-sahélienne (Burkina Faso).
In: Pontanier R, M’Hiri A, Akrimi N et al. (eds) La Res-
tauration et la Réhabilitation des Terres Dégradées des
Zones Arides et Semi-Arides: Congres International. s.1.:
s.n., 1994, 24 p. multigr, Montpellier (Centre IRD), pp
249-275

Sanogo K, Dayamba DS, Villamor GB, Bayala J (2020)
Impacts of climate change on ecosystem services of agro-
forestry systems in the West African Sahel: A Review. In:
Dagar JC, Gupta SR, Teketay D (eds) Agroforestry for
degraded landscapes. Springer, Singapore, pp 213-224

Sanou J, Jules B, Teklehaimanot Z, Paulin B (2012) Effect of
shading by baobab (Adansonia digitata) and néré (Parkia
biglobosa) on yields of millet (Pennisetum glaucum) and
taro (Colocasia esculenta) in parkland systems in Burkina

@ Springer


https://doi.org/10.5194/hess-24-5379-2020
https://doi.org/10.5194/hess-24-5379-2020
https://doi.org/10.1186/s40066-018-0214-0
https://doi.org/10.1186/s40066-018-0214-0
https://doi.org/10.1007/s12571-021-01179-3
https://doi.org/10.1007/s12571-021-01179-3
https://doi.org/10.1016/j.landusepol.2021.105308
https://doi.org/10.1016/j.landusepol.2021.105308
https://doi.org/10.1023/A:1011820412140
https://doi.org/10.1023/A:1011820412140
https://doi.org/10.1080/21580103.2017.1392367
https://doi.org/10.1080/21580103.2017.1392367
https://doi.org/10.1007/s10584-012-0438-0
https://doi.org/10.1007/s10584-012-0438-0
https://doi.org/10.5958/2455-7129.2017.00001.2
https://doi.org/10.5958/2455-7129.2017.00001.2
https://doi.org/10.5539/enrr.v5n2p148
https://doi.org/10.4314/ijbcs.v12i5.14
https://doi.org/10.1007/s00267-019-01248-6
https://doi.org/10.1007/s00267-019-01248-6
https://doi.org/10.37284/eajfa.5.1.766
https://doi.org/10.37284/eajfa.5.1.766
https://doi.org/10.1186/s13570-021-00210-8
https://doi.org/10.1186/s13570-021-00210-8
https://doi.org/10.1007/s10457-016-9967-2
https://doi.org/10.3390/land10040371
https://doi.org/10.3390/land10040371

2396

Agroforest Syst (2024) 98:2385-2396

Faso, West Africa. Agrofor Syst 85:431—441. https://doi.
org/10.1007/s10457-011-9405-4

Sanou L, Savadogo P, Ezebilo EE, Thiombiano A (2019) Driv-
ers of farmers’ decisions to adopt agroforestry: evidence
from the Sudanian savanna zone, Burkina Faso. Renew
Agric Food Syst 34:116-133. https://doi.org/10.1017/
S1742170517000369

Sanou L, Koala J, Souleymane O, Ouattara B (2022) Influence
of land tenure on agroforestry parkland phyto-diversity
and stand structure in Sudanian Zone of Burkina Faso,
West Africa. Glob J Agric Innov Res Dev 9:20-34. https://
doi.org/10.15377/2409-9813.2022.09.3

Sehoubo YJ, Meda M, Cicek H et al (2023) Management meth-
ods of agroforestry parks and local perception of their
ecosystem services in the Sudano- Sahelian zone of Bur-
kina Faso. J Appl Biosci 185:19442-19460

Sounko S, Mariko S (2020) Analyse de la production agricole
dans le cercle de Kati au mali. Rev Ivoir Géogr Savanes
Juin 2521-2125

Swallow B, Boffa J, Centre WA, et al (2006) The potential
for agroforestry to contribute to the conservation and
enhancement of landscape biodiversity. World agrofor-
estry into the future, pp 95-101

Tega M, Bojago E (2023) Determinants of smallholder farm-
ers’ adoption of agroforestry practices: Sodo Zuriya Dis-
trict, southern Ethiopia. Agrofor Syst 98:1-20. https://doi.
org/10.1007/s10457-023-00885-5

Traore K, Ganry F, Oliver R, Gigou J (2004) Litter production
and soil fertility in a Vifellaria paradoxa parkland in a cat-
ena in southern Mali. Arid Land Res Manag 18:359-368.
https://doi.org/10.1080/15324980490497393

@ Springer

UN (2023) Popular statistical tables, country (area) and
regional profiles. In: UNdata. https://data.un.org/.
Accessed 20 Jan 2024

UNFPA (2020) Comprendre le Sahel a travers son histoire,
sa géographie et ses défis sociodémographiques et sécu-
ritaires. Dakar-Ponty, Senegal

World-Bank (2017) EIES pour 336 km de pistes rurales pri-
oritaires dans le cadre de la préparation du paar, dans
les régions de Koulikoro et de Sikasso i ministére de
I’équipement république du mali et du désenclavement.
Sikasso, Mali

Yamane T (1967) Statistics: an introductory analysis, 2nd edn.
Harper and Row, New York

Zampaligré N (2012) The role of ligneous vegetation for live-
stock nutrition in the sub Sahelian and Sudanian zones of
West Africa: potential effects of climate change. Kassel,
Germany

Zerihun MF, Muchieb M, Worku Z (2014) Determinants of
agroforestry technology adoption in Eastern Cape Prov-
ince, South Africa. Dev Stud Res 1:382-394. https://doi.
org/10.1080/21665095.2014.977454

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.


https://doi.org/10.1007/s10457-011-9405-4
https://doi.org/10.1007/s10457-011-9405-4
https://doi.org/10.1017/S1742170517000369
https://doi.org/10.1017/S1742170517000369
https://doi.org/10.15377/2409-9813.2022.09.3
https://doi.org/10.15377/2409-9813.2022.09.3
https://doi.org/10.1007/s10457-023-00885-5
https://doi.org/10.1007/s10457-023-00885-5
https://doi.org/10.1080/15324980490497393
https://data.un.org/
https://doi.org/10.1080/21665095.2014.977454
https://doi.org/10.1080/21665095.2014.977454

	Adoption of agroforestry systems by smallholders’ farmers in the Sudano-Sahelian zones of Mali and Burkina Faso, West Africa
	Abstract 
	Introduction
	Materials and methods
	Study area
	Interviews
	Data analysis

	Results
	Profile of the respondents
	Socioeconomic characteristics influencing the adoption of Agroforestry technologies
	Adopted agroforestry technologies and tree species composition

	Discussion
	Socio-economic characteristics
	Socio-economic household characteristics influencing adoption of agroforestry technologies
	Adoption of agroforestry technologies and tree species composition

	Conclusions
	Acknowledgements 
	References


