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Abstract: Understanding the level of adoption of Climate-Smart Agriculture (CSA) technologies
and practices and its drivers is needed to spur large-scale uptake of CSA in West Africa. This paper
used the Average Treatment Effect framework to derive consistent parametric estimators of the
potential adoption rates of eight CSA technologies and practices in the Climate-Smart Village (CSV)
site of Mali. A total of 300 household heads were randomly selected within the CSV site for data
collection. Results showed significant differences in the observed and potential adoption rates of
the CSA technologies and practices (drought tolerant crop varieties, micro-dosing, organic manure,
intercropping, contour farming, farmer managed natural regeneration, agroforestry and climate
information service). The most adopted technology was the organic manure (89%) while the least
adopted was the intercropping (21%). The observed adoption rate varied from 39% to 77% according
to the CSA options while the potential adoption rates of the technologies and practices ranged from
55% to 81%. This implies an adoption gap of 2% to 16% due to the incomplete diffusion (lack of
awareness) of CSA technologies and practices which must be addressed by carrying out more actions
to disseminate these technologies in the CSV. Results showed that education, number of workers in
the household, access to subsidies, and training have a positive effect on the adoption of most of the
CSA technologies and practices. The adoption of drought tolerant varieties and micro-dosing are
positively correlated with access to subsidies and training. The study suggests that efforts should be
focused concomitantly on the diffusion of CSA options as well as the lifting of their adoption barriers.

Keywords: Climate-smart agriculture; Adoption; Diffusion; Average Treatment effect (ATE)

1. Introduction

Climate change impacts on food security and livelihoods are already alarming and affecting
millions of smallholder farmers in sub-Saharan Africa [1]. With increased frequency and severity of
droughts, extreme heat conditions and over dependence on rainfed agriculture, there is a growing
agricultural productivity crisis, dwindling household food availability and the economic prosperity
of countries whose national economies are dependent on agriculture [2]. Considering that climate
change impacts are felt differently within regions, context-specific adaptation measures are required
to reduce risks and build adaptive capacity of smallholder farmers [2]. In semi-arid West-Africa, the
multiple stressors of agricultural development in the region (including soil fertility depletion, land
tenure, limited infrastructure and markets etc.) and high vulnerability to climate change has challenged
the quest to use agriculture as a viable avenue for meeting the Sustainable Development Goals’ zero
hunger and poverty reduction targets [3].

In recent years, climate-smart agriculture (CSA) has been embraced as a unique opportunity for
simultaneously achieving food security, climate change adaptation and mitigation goals [4]. While the

Sustainability 2019, 11, 4710; doi:10.3390/su11174710 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-6581-6287
https://orcid.org/0000-0002-6215-4852
http://www.mdpi.com/2071-1050/11/17/4710?type=check_update&version=1
http://dx.doi.org/10.3390/su11174710
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 4710 2 of 19

concept is still being investigated, many agricultural practices underpinning CSA have been profiled
and tested. In the last eight years, the CGIAR Research Program on Climate Change, Agriculture and
Food Security (CCAFS) has been addressing the need for proven and effective CSA options using
its Climate-Smart Village (CSV) approach. The CSV approach enables ground-breaking research
on agricultural technologies and practices to define their potential to deliver on the food security,
adaptation and mitigation goals of CSA. Based on the principles of participatory action research, the
CSV approach enables farmers to pick practices and technologies that meet their local specific needs
and allows drawing lessons on agricultural technologies and practices to inform policy decisions from
local to global levels [5]. The paper by Aggarwal et al [5] provides a comprehensive overview of the
CCAFS CSV approach.

In Mali, the CSV approach has since 2011 been used to test and validate many CSA technologies
and practices (including drought tolerant crop varieties, micro-dosing, organic manure, intercropping,
contour farming, farmer managed natural regeneration, agroforestry and climate information services)
with the participation of farmers. Several authors have reported successful results of CSA technologies
tested and their implications for local food security [6–9] and income [10]. This notwithstanding, there
is limited information on the uptake and adoption of CSA practices and technologies. In sub-Saharan
Africa, adoption of agricultural technologies and practices are thought to be constrained by multiple
factors [11,12]. Therefore, to enable large scale adoption, it is imperative to understand the influential
factors of technology adoption.

Most studies aiming to assess the uptake of new technologies or programs have done so using
the classical approach by simply computing the percentage of adopters from survey samples [11,12].
However, this approach suffers from either “non-awareness” or “selection” bias. Consequently, the
estimates of population adoption rates generated from the classical approach are generally biased
and inconsistent, even when they are based on a randomly selected sample [13]. In a bid to solve
this problem, Diagne [13] used the average treatment effect (ATE) framework of modern evaluation
theory [14–16] to estimate the potential adoption rate of rice varieties when the population’s awareness
of the technology is total. As the concept of CSA is relatively new [4], the exposure of farmers to its
technologies and practices may be incomplete. When a technology is new and the target population
has not been fully exposed to it, the observed rate of adoption (calculated as the proportion of the
sample that has adopted the technology) is a biased estimate of true potential adoption rate of the
population [13,17] due to the existence of a "non-exposure" bias. This situation requires the use of the
ATE framework to derive consistent parametric estimators of the adoption rates of CSA technologies
and practices.

In this paper, we used this approach to estimate the actual and potential adoption, the associated
adoption gaps and the drivers of awareness and adoption of CSA technologies and practices in the
CSV site of Mali.

2. Materials and Methods

2.1. Study Area and Data

The study was carried out in the Segou region of Mali, within the Climate-Smart Village (CSV)
site of Cinzana, a rectangular 30 by 30 km block covering 48 villages and established by the CGIAR
Research Program on Climate Change, Agriculture and Food Security (CCAFS). Located between
13◦53’N and 13◦14’N latitude and 5◦63’W–6◦15’W longitude (https://ccafs.cgiar.org/mali), Cinzana
belongs to the Sahelian agro-ecological zone of Mali. Rainfall is uni-modal, from May to October,
with an average of 680 mm total rainfall per annum. Low temperatures occur in December through
February (18◦C monthly average low), and high temperatures occur in April and May (40◦C monthly
average high) [7]. Millet and sorghum are the most staple cereals produced in the study area while
groundnut, cowpea and sesame are cultivated as major cash crops [18]. The agricultural system is
rainfed with one cropping season a year. The study focused on eight villages within the CSV site

https://ccafs.cgiar.org/mali
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- Folanassibougou, N’Tlomabougou, Tongo, Siekourani, Kamanago, Dougakoungo, N’Gakoro and
Kallan (Figure 1). These villages were selected based on the distances from each other to make the data
more representative of the entire CSV site of Cinzana [19].
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Data were collected in 2016 through household interviews using a structured questionnaire to
record information on socio-economic characteristics of farmers, farming activities and characteristics
as well as the levels of awareness and adoption of technologies and their sources, advantages of
and constraints to using CSA technologies and practices. 300 households were randomly selected,
of which 60 were from the two CSVs and 30 from each of the six other surrounding villages within
the 30 × 30 km block (CSV site). This weighting gives opportunity to conduct deeper analysis at the
CSV level.

2.2. Theoretical Framework for Adoption Assessment

The study used the Average Treatment Effect (ATE) estimation method [16,20], which allows a
coherent estimation of the potential adoption rate of the population [16,20]. This is in fact the adoption
rate when all individuals in the population are exposed to the technology. These authors indicate
that the ATE measures the effect of an average treatment on individual basis chosen randomly in
the population, which exactly corresponds to the potential adoption rates of the population when
individuals are exposed to the treatment. This methodology is most appropriate for this study due to
the selection bias and the non-exposure bias [21–23]. The bias results from the fact that farmers who
are not exposed to CSA technologies and practices cannot adopt them, though they would do if they
had learned of these innovations. Also, the determinants of the effects of exposure cannot be estimated
consistently from simple probit, logit or tobit models without controlling the non-exposure bias. In our
study, ''treatment'' refers to the exposure of farmers to CSA practices (with the knowledge as proxy).
With the ATE method, it is possible to assess the Average Treatment Effect on the treated (ATE1) as well
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as the Average Treatment Effect on the untreated (ATE0). ATE1 andATE0 correspond to the adoption
rate in the exposed subpopulation and the potential adoption rate in the non-exposed subpopulation,
respectively. the sub-population of farmers who did not receive the treatment. The estimation of the
ATE undoubtedly requires control of whether or not access to information on CSA technologies and
practices is used and the use of other variables such as socio- economic and demographic variables
and institutional variables. This leads to the following conditional adoption probability:

Prob(yi = 1
∣∣∣wi = 1) = E

(
yi
∣∣∣w∗i >0

)
(1)

With
yi the decision to adopt or reject the CSA technologies or practices, taking the value 1 when the

farmer adopts and 0 if otherwise.
wi is a binary variable with the value 1 if the farmer is aware of the CSA practices and 0 if not.
Equation (2) is used to consistently estimate the rates and determinants of adoption of CSA

practices by specifying the linear model [24]:

E(y
∣∣∣x, w = µ+ τw + αx + ζw(xi − x) (2)

Where:
xi is the set of socio-economic variables affecting the adoption of a CSA technology or practice x

their respective average;
µ, ζ and α are the parameters to be estimated. τ accurately represents the rate of adoption within

the ATE population.
ATE parameters can be estimated using several alternatives: parametric, nonparametric and semi

parametric [16]. In this study, we used the parametric estimation procedure described by [20]. The
parametric estimation of ATE is based on the following equations that identify the ATE (x) based on
the conditional independence hypothesis [20].

ATE(x) = E(y1/x) = E(y/x, w = 1) = g(x, β)

Where:
g is a known function (eventually non-linear) of vectors of the covariants x; β an unknown

parameter that can be estimated from the standard least squares (LS) and the estimation of maximum
likelihood (MLE) using observations (yi, xi) from the sub-sample of exposed farmers (w = 1) only;
with y as the dependent variable and x the vector of the explanatory variables. The variable w is an
indicator of the exposure to CSA’s practices, where wi = 1 represents the exposure of the individual i
and w0 = 0 otherwise.

With an estimated parameter β̂, the predicted values are calculated for all the observations i in
the sample (including the observations in the non-exposed subsample), and ATE, ATE and ATE0 are
estimated by taking the average of the predicted g

(
xi, β̂

)
i = 1, . . . , n across the full sample (for ATE)

and respective subsamples (for ATE1 and ATE0) by [21].

AT̂E = 1
n

n∑
i=1

g
(
xi, β̂

)
AT̂E1 = 1

ne

n∑
i=1

wig
(
xi, β̂

)
AT̂E0 = 1

n−ne

n∑
i=1

(1−wi)g
(
xi, β̂

)
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The effects of the determinants of adoption as measured by the K marginal effects of the
K-dimensional vector of covariates x at a given point x are estimated as:

∂E(y1
∣∣∣x)

∂xk
=
∂g

(
x, β̂

)
∂xk

k = 1, . . . , K

where xk is the k-th component of x.
Using the parametric regression-based estimator above, we can estimate the population adoption

gap (GÂP = JÊA −AT̂E) and the population selection bias (PŜB = AT̂E1 −AT̂E) parameters where
JÊA = 1

n
∑n

i=1 yi.

2.3. Empirical Model

Several studies have tried to identify the most influential factors for the adoption of sustainable
agricultural practices [18,25–29]. These are categorized into household characteristics, farm
characteristics, technical knowledge and institutional characteristics. The household characteristics
include gender, age, education level, household size, off-farm activities and farming experience. The
farm characteristics include land size, farming purpose, number of cash crops, livestock, and animal
traction. The technical knowledge and institutional characteristics include extension service, access to
credit and subsidy, and membership in farmer groups.

Table 1 presents the explanatory variables and hypotheses about their expected effects on the
awareness and adoption of CSA technologies and practices.

Table 1. Definitions of explanatory variables for the awareness and adoption of Climate-Smart
Agriculture (CSA) technologies and practices.

Variables Description Expected Sign

Education Dummy = 1 if household head attended
formal schooling +

Extension service Dummy = 1 if household has contact with
public extension services +

Experience in farming Number of years in farming +

Training on agricultural system Dummy = 1 if household head attended any
training in agricultural production +

Owning a radio Dummy = 1 if a household member owns
a radio +

Number of workers in household Number of persons in the household able to
work in farm +/-

Access to credit Dummy = 1 if the household has access
to credit +

Access to subsidy Dummy = 1 if the household has access
to subsidies +

Total land size Total size of landholding in hectares +

Animal traction Dummy = 1 if the household head holds a
couple of traction cattle with a plough or cart +

Training on choice of varieties Dummy = 1 if the household head attended a
specific training in choice of varieties +

Training on Climate
information service

Dummy = 1 if the household head attended a
specific training in Use of Climate information +

Off-farm activities Dummy = 1 if the household has
off-farm activities +

Owning a phone Dummy = 1 if a household member owns a
mobile phone +
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3. Results

3.1. Socio-economic Characteristics of Households

Table 2 analyses the household and farm characteristics, and the technical knowledge of farmers.
The sample comprised 11% of migrants as household heads. The average size of households was
17 with six (6) persons making the labor force. The average age of respondents was 51 years with
26 years of farming experiences. On average, 98% of respondents were men while 69% were farmers
who received an education. About 72% of farmers were members of farmers’ organization while 20%
and 30% respondents had access to credit and subsidies respectively. In addition to agriculture, about
36% of respondents earned income from off-farm activities.

Table 2. Socio-economics characteristics of respondents.

Variables Mean Std. Dev. Min Max

Household (HH) characteristics

Age of the HH head (year) 51.61 13.34 18 87
Gender male of HH head 0.98 0.14 0 1

Education of HH 0.07 0.26 0 1
Number of persons in the HH 17.19 14.56 1 105

Number of workers in HH 6.85 6.40 1 40
Household’s status (migrant) 0.11 0.32 0 1

Member of Farmers’ Organization 0.72 0.44 0 1
Number of years in farming

(experience) 25.69 14.76 3 60

Access to credit 0.20 0.40 0 1
Access to subsidies 0.3 0.45 0 1
Off-farm activities 0.36 0.48 0 1

Farm characteristics

Farm seize (ha) 10.78 9.75 1 100
Land size under cultivation (ha) 9.45 7.21 1 40

Subsistence farm 0.14 0.35 0 1
Number of cash crops 2.08 1.06 0 5

Livestock animals holding 0.97 0.16 0 1
Oxen holding 4.33 7.55 0 50
Traction cattle 2.96 2.78 0 30

Small ruminant holding 13.26 15.10 0 120
Poultry 16.40 23.92 0 210
Plough 1.34 1.15 0 7

Cart 1.38 1.40 0 20
Animal traction 0.68 0.46 0 1

Institution and technical knowledge

Extension service 0.42 0.49 0 1
Training on agricultural system 0.75 0.43 0 1

Choice of varieties 0.56 0.49 0 1
Soil fertility management 0.15 0.36 0 1

Climate information service 0.42 0.49 0 1
Radio set 0.76 0.42 0 1

Mobile phone 0.90 0.30 0 1

N = 300 farmers.

The land owned by households totaled on average, 11 hectares (ha) while on average 9 ha were
cropped. 14% of farmers practice subsistence agriculture, with on average, two (2) cash crops grown in
the farms. About 98% of respondents own livestock including cattle, goat, sheep, chicken and Guinea
fowl. At least each farmer was equipped with a plough and cart in his farm. About 68% of households
have cattle drawn. The survey revealed that 75% of households attended trainings in agricultural
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production while 42% benefited from public extension services. The training topic included the use of
crop varieties, soil fertility management and use of climate information. Mobile phone and radio were
the tools used for agricultural information, with 76% and 90% of respondents having a radio and a
phone, respectively.

3.2. Awareness and Utilization of CSA Technologies and Practices in the CSV Site of Cinzana

The awareness and adoption rates of the CSA options increased from 2000 to 2016 (Figures 2–9).
During these 15 years, it was evident that awareness and adoption rates of CSA technologies and
practices increased in Cinzana. This increase is important since CCAFS interventions in the study area
began in 2011. The increase in awareness and adoption imply that CCAFS CSV approach contributed
to improving the awareness and the adoption of CSA technologies and practices in the area. For
example, the use of organic manure saw spreading from 41.2% to 99.6% while the dissemination rate
of improved variety increased from 32.9% to 95.6%. The dissemination rate of intercropping and
farmer managed natural regeneration (FMNR) increased from 72.9% to 94.3% and 68.9% to 94.3%
respectively. Moreover, increased rates were observed for practices such as micro-dosing (44.9% to
90.9%), agroforestry (27.5% to 86.5%), climate information services and contour farming (28.8% to
70.00%). The adoption rates rose from 34.3% to 89.3% over 15 years for organic manure (Figure 3)
which is the highest rate observed among the CSA practices. Intercropping was adopted 21.2% more
(Figure 5), FMNR 30% more and micro dosing 61.1% more. Adoption rates of improved variety, climate
information services and contour farming increased by 49%, 54% and 23% respectively.
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Figure 8. Agroforestry.
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The results showed that, while most farmers are aware of many CSA practices and innovations,
only a small number of the farmers are adopting the practices. For example, about 87% of farmers are
aware of agroforestry practice, but only 21.40% adopted this practice in 2015 in CSV site of Cinzana.

3.3. Perceveid Reasons and Constraints to Adopting CSA Technologies and Practices

Varying reasons were cited for the adoption of CSA options. However, majority of the farmers
interviewed cited improved productivity as the major reason for adopting a CSA option. As reported in
Table 3, improvement in productivity is the adoption driver for improved variety (by 57% of farmers),
organic manure (41%), micro-dosing (45%), and intercropping (37%). Climate information services is
adopted by farmers (81% of respondents) to reduce the risk of crop losses. Moreover, 54% farmers used
contour farming for soil moisture retention. By adopting intercropping and using drought tolerant crop
varieties, some respondents reported increased income. In addition, 78% and 90% farmers adopted
FMNR for improved access to non-timber forest products and fodder for livestock feeding respectively.

Major constraints associated with the use of CSA options are the inappropriateness of practices,
the lack of information about the CSA option, limited technical capacity to handle the CSA options and
the illiteracy of farmers. Table 4 shows that 39% of respondents thought that the FMNR was not suitable
following. About 36%, 35%, 31% and 20% reported the same for improved variety, intercropping,
micro-dosing and organic manure respectively. The illiteracy of farmers coupled with the lack of
technical capacity are also part of constraints that respondents faced in adopting a CSA practice. Some
respondents also raised up the issue of information dissemination on the CSA practices.



Sustainability 2019, 11, 4710 10 of 19

Table 3. Reasons for adopting CSA options (in %).

Drought
Tolerant
Variety

Organic
Manure Micro-Dosing Intercropping Contour

Farming Agroforestry FMNR CIS

Improve
productivity 57.01 41.62 45.01 37.60 16.58 3.70 5.77 16.86

Improve soil
fertility/moisture 3.35 39.80 18.52 17.71 54.55 7.41 2.36 1.18

Reduces the risk
of crop losses 16.46 10.91 5.98 1.36 19.25 2.22 0.26 1.18

Increase income 22.26 6.26 5.13 37.87 2.14 7.41 1.57 0.39
Low

inputs/labor cost 0.91 1.41 25.36 2.72 7.49 0.74 0.00 0.39

Access to forest
product/fodder 0.00 0.00 0.00 2.72 0.00 78.52 90.03 0.00

N = 300 farmers.

Table 4. Constraints to adoption of CSA technologies and practices.

Drought
Tolerant
Variety

Organic
Manure Micro-Dosing Inter Cropping Contour

Farming Agroforestry FMNR CIS

Illiteracy of farmers 16.00 9.34 10.77 10.47 19.39 9.98 8.87 33.24
Limited technical

capacity 26.60 40.66 24.12 24.61 26.06 15.91 9.83 15.29

Lack of information
about the

technology/practice
16.20 25.68 25.76 9.16 29.09 21.14 17.27 38.24

Unappropriated
technology/practice 36.00 20.62 31.38 35.08 16.36 19.24 39.09 8.82

Limited funds 5.00 1.75 6.79 3.93 4.24 9.50 1.92 3.53
Land insufficiency 0.00 0.00 0.00 0.00 0.30 12.35 5.04 0.00

Lack of water 0.00 0.58 0.23 0.26 0.00 11.16 12.23 0.00
No specific
constraint 0.20 1.36 0.94 16.49 4.55 0.71 5.76 0.88

N = 300 farmers.

3.4. Determinants of Awareness of CSA Practices

Table 5 shows the determinants of awareness of CSA practices. Variables such as education,
extension service, experience in farming, training in agricultural production and owning a radio
were statistically significant (p ≤ 0.05) to explain the awareness of CSA options in the Climate-Smart
Village site.

Farmers with formal education are more likely to be aware of the CSA technologies and practices.
Formal education increases the probability of awareness to drought tolerant improved variety,
intercropping system and FMNR practice by 4%, 8% and 5% respectively. Farmers in contact with
extension services are more likely to be aware of drought tolerant improved variety and micro-dosing
practices. The probability of being aware of drought tolerant improved variety and micro-dosing
practices increased by 6% and 8% through contact with extension services. Experienced farmers and
those owning lands are more likely to be aware of drought tolerant improved variety and climate
information services.
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Table 5. Marginal effect from probit estimation of determinants of awareness of CSA practices.

Drought
Tolerant Variety Micro-Dosing Intercropping Contour

Ridging FMNR CIS

Education
(1 = yes,

0 = otherwise)

0.04 *
(0.03)

0.03
(0.03)

0.08 **
(0.033)

−0.02
(0.06)

0.05 *
(0.03)

0.01
(0.04)

Extension service
(1 = yes,

0 = otherwise)

0.06 ***
(0.02)

0.08 ***
(0.03)

0.004
(0.01)

0.01
(0.06)

0.002
(0.02)

−0.003
(0.04)

Year of experience
in farming

−0.0003
(0.0005)

0.0003
(0.0009)

−0.003
(0.0003)

0.001
(0.002)

−0.0004
(0.0007)

0.004 ***
(0.001)

Training in agriculture
production (1 = yes,

0 = otherwise)

−0.02
(0.01)

−0.01
(0.03)

0.08 ***
(0.42)

0.17 **
(0.08)

−0.03
(0.02)

−0.01
(0.04)

Owning a radio
(1 = yes,

0 = otherwise)

0.05 **
(0.30)

0.04
(0.04)

−0.01
(0.008)

0.07
(0.06)

−0.02
(0.02)

0.09 *
(0.05)

Constant 1.07 ***
(0.36)

0.91
(0.33)

1.10 **
(0.43)

0.01
(0.24)

2.03 ***
(0.47)

0.37
(0.28)

Log likelihood −47.33 −73.06 −41.14 −176.94 −56.19 −115.79
LR chi2 18.49 *** 11.17 ** 42.64 *** 10.92 ** 6.72 11.40 **

Df 5 5 5 5 5 5
Pseudo R2 0.1634 0.07 0.3413 0.029 0.05 0.05

Number of observations: 300; Robust standard error in parentheses (); *** Significant at 1%, ** significant at 5% and
* significant at 10%.

3.5. Actual and Potential Adoption of CSA Technologies and Practices

The ATE probit estimation was conducted for 8 CSA technologies and practices. The results
were found consistent for 6 CSA options including drought tolerant improved variety, micro-dosing,
intercropping, contour farming, Farm managed natural regeneration (FMNR) and Climate Information
Services (CIS). The results showed that a high proportion (more than 70%) of farmers in the
Climate-Smart Village were aware of CSA technologies and practices (Table 6). The estimated
adoption rates varied from 39 to 77% according to the CSA option. The potential adoption rates
ranged from 55 to 81% according to the CSA options. The difference between the observed and the
potential adoption rates lead to an adoption gaps varying from 2% to 16%. Contour farming and
climate information services recorded the higher adoption gap of 16% and 7.7% respectively.

Table 6. Average Treatment Effect (ATE) parametric (Probit) estimation of population adoption rates.

Drought
Tolerant Variety Micro-Dosing Inter-Cropping Contour

Farming FMNR CIS

Proportion of exposed
farmers

0.95 ***
(0.01)

0.93 ***
(0.02)

0.946 ***
(0.012)

0.703 ***
(0.026)

0.95 ***
(0.012)

0.86 ***
(0.020)

ATE (Potential
Adoption Rate)

0.685 ***
(0.03)

0.758 ***
(0.02)

0.813 ***
(0.02)

0.552 ***
(0.03)

0.749 ***
(0.02)

0.714 ***
(0.03)

ATE1 (Adoption rate
among exposed)

0.689 ***
(0.03)

0.762 ***
(0.02)

0.820 ***
(0.02)

0.555 ***
(0.031)

0.754 ***
(0.02)

0.741 ***
(0.02)

ATE0 (Adoption rate
among non-exposed)

0.616 ***
(0.04)

0.706 ***
(0.03)

0.683 ***
(0.07)

0.543 ***
(0.037)

0.648 ***
(0.04)

0.552 ***
(0.041)

JEA (joint exposure
and adoption rate)

0.656 ***
(0.02)

0.706 ***
(0.02)

0.776 ***
(0.02)

0.390 ***
(0.02)

0.717 ***
(0.02)

0.637 ***
(0.02)

Adoption gap
(GAP = JEA – ATE)

−0.028 ***
(0.002)

−0.051 ***
(0.002)

−0.036 ***
(0.003)

−0.161***
(0.01)

−0.032 ***
(0.002)

−0.077 ***
(0.006)

Population selection
bias (PSB =
ATE1-ATE)

0.003 **
(0.002)

0.004 ***
(0.001)

0.0073 ***
(0.003)

0.003 ***
(0.006)

0.005 ***
(0.002)

0.026 ***
(0.003)

Robust standard error in parentheses (); *** Significant at 1% and ** significant at 5%

3.6. Determinants of Adoption of CSA Practices

Table 7 indicates that the adoption of drought tolerant varieties and micro-dosing are positively
associated with access to subsidies, training on choice of variety, training on climate information



Sustainability 2019, 11, 4710 12 of 19

services and use of animal traction. These four factors increased the probability of adopting tolerant
improved varieties by 13%, 15%, 11% and 24% respectively. The likelihood of adopting micro-dosing
is increased by 20.00%, 14.00% and 14.00% with access to subsidies, training on climate information
service and use of animal traction respectively. The use of animal traction and training have a positive
effect on the practice of intercropping while the number of workers in the household has a negative
effect on this practice. The practice of contour ridging is negatively associated with education and
training in CIS and positively associated with having a phone. The practice of FMNR is negatively
associated with access to subsidy and owning a phone and positively associated with education and
the number of workers in the household. The probability of using climate information service increases
with access to training in CIS, access to subsidies, and experience in farming which increased its
probability of adoption by 20.00%, 14.00%, 20.00% and 0.40% respectively. However, education and
animal traction had a negative effect on the use of CIS and contour farming.

Table 7. Marginal effect from probit estimation of determinants of adoption of CSA practices.

Drought
Tolerant Variety

Micro-
Dosing

Inter-
Cropping

Contour
Farming FMNR CIS

Education 0.03
(0.06)

−0.07
(0.05)

0.06
(0.05)

−0.19 **
(0.08)

0.26 ***
(0.06)

−0.17 ***
(0.05)

Number of
workers

in household

0.005
(0.01)

0.001
(0.004)

−0.01 ***
(0.004)

0.004
(0.006)

0.02 ***
(0.007)

0.004
(0.005)

Year of
experience in

farming

0.001
(0.002)

−0.0004
(0.001)

0.002
(0.002)

−0.005 *
(0.003)

−0.0004
(0.001)

0.004 **
(0.002)

Total land size 0.0003
(0.003)

−0.0001
(0.003)

0.003
(0.003)

−0.001
(0.005)

−0.0001
(0.004)

0.003
(0.004)

Access to credit −0.11
(0.08)

−0.07
(0.07)

0.02
(0.06)

−0.02
(0.10)

0.04
(0.06)

0.20 ***
(0.04)

Access to
subsidy

0.13 **
(0.06)

0.20 ***
(0.04)

0.001
(0.05)

−0.04
(0.08)

−0.16 **
(0.07)

0.14 ***
(0.06)

Animal traction 0.15 **
(0.06)

0.14 **
(0.05)

0.11 **
(0.05)

0.13
(0.08)

−0.01
(0.05)

−0.14 ***
(0.05)

Training on
choice of variety

0.11 *
(0.05)

0.05
(0.05)

0.08 *
(0.05)

0.12
(0.07)

−0.005
(0.05)

−0.02
(0.05)

Training on CIS 0.24 ***
(0.06)

0.14 **
(0.06)

0.06
(0.05)

−0.21 **
(0.08)

−0.10
(0.06)

0.20 ***
(0.06)

Number of
off-activities

0.06
(0.05)

0.03
(0.05)

0.02
(0.04)

−0.07
(0.07)

0.06
(0.05)

0.03
(0.05)

Holding a phone 0.11
(0.10)

0.02
(0.08)

0.09
(0.08)

0.24 **
(0.12)

−0.17 ***
(0.05)

−0.04
(0.08)

Constant −0.90 **
(0.38)

0.066
(0.39)

−0.170
(0.389)

0.12
(0.44)

0.738
(0.43)

0.54
(0.47)

Number of
observations 286 278 284 211 285 258

Log likelihood −054.70 −033.40 −021.35 −027.46 −038.63 −013.86
LR chi2 45.26 *** 37.91 *** 24.67 ** 35.06 *** 40.49 *** 65.69 ***

Df 11 11 11 11 11 11
Pseudo R2 0.13 0.12 0.10 0.12 0.13 0.22

Robust standard error in parentheses (); *** Significant at 1%, ** significant at 5% and * significant at 10%.

4. Discussion

The results of the study raised two areas of discussion including adoption gap and factors that are
currently affecting the awareness and adoption of CSA practices and technologies within the CSV.
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4.1. Awareness and Adoption of CSA Practices and Technologies: Adoption Gap

The findings of the study illustrate that there is an adoption gap for CSA technologies and practices
in Cinzana at two levels. The first level gap refers to the difference between awareness and adoption
rates and the second level is related to the difference between the actual and the potential adoption
rates. The study showed a continuous increase in the awareness of CSA practices and the adoption
rates accordingly. While most farmers are aware of many CSA technologies and practices, only a small
number of the farmers are adopting the practices. This is in line with the theory of diffusion and
adoption of innovations [30] recognizing that there may be a lag between the time when farmers first
hear about an innovation and the time, they adopt it. Diffusion is considered to begin at a point in time
when an innovation is ready for use while adoption refers to the stage in which a technology is selected
for use by an individual or an organization [30]. The adoption decision is preceded by a period of
awareness and learning. The diffusion rates estimated were high for the CSA practices and technologies
(i.e. drought tolerant improved variety, micro-dosing, intercropping, contour farming farm managed
natural regeneration and climate information services) in the CSV of Mali. The increasing rate of
diffusion of some of these practices and technologies may result from their indigenous dimension but
also from the efforts at disseminating CSA practices by CCAFS and others stakeholders in the region to
address climate change issue. Indeed, lack of awareness and knowledge on agricultural practices has
been shown to hamper their adoption [31].

In terms of adoption rates, the results showed high actual adoption rates of CSA practices and
technologies such as intercropping, FMNR, micro-dosing, drought tolerant improved variety and
climate information services. This may result in the fact that CSA practices and technologies are
potential source of yield increasing as well as adaptation and mitigation.

By estimating the potential and joint exposure adoption rates, the gaps to adoption were estimated
as well. This gap to adoption of CSA technologies varies from 2 to 16% according the CSA technologies
and practices. Considering the adoption gap is fundamental in adoption studies, especially when the
technology studied is relatively new [13]. This is relevant for the CSA technologies and practices as
the concept is relatively new [4]. The adoption gap informs on what direction the efforts should be
put to ensure an uptake of CSA technologies and practices. As pointed out by [23], a high potential
population adoption rate that is masked by a low level of awareness points to the need to put more
effort into extension to make the technology known and available to the larger population. On the
other hand, if the potential population adoption rate is low, further extension effort to disseminate the
technology may not warrant its adoption.

Regarding the reasons for adopting CSA technologies and practices, respondents pointed out the
productivity improvement, the ability to increase income as well as improvement of soil moisture in
long term. Indeed, farmers perceiving soil infertility as a problem are more likely to adopt sustainable
soil fertility-enhancing practices [32]. As such, the estimated actual adoption rates of intercropping,
farm managed natural regeneration (FMNR) and micro-dosing were 77%, 71% and 70% respectively.
In line with [33], since intercropping is more a traditional practice, it is quite obvious that its adoption
rate was high among others because of less scope of confusion about how it performs. The high
adoption rate of these practices can be attributed to the fact that crop yield increases with the adoption
of intercropping, micro dosing and FMNR practices which in long run can better contribute to food
security [6,34,35]. In semi-arid crop production where there is a potential treat of more frequent
climate extremes, intercropping is an important crop production strategy for smallholder farmers
for productivity improvements per unit of land [36]. Previous studies reveal that intercrop systems
provide benefits such as complementary use of resource niches in term of the different rooting behavior
of crops [37] and better system protection again pests and diseases [38]. FMNR was perceived by
respondents as fodder for livestock feeding but according to [6], water and nutrients use efficiency
and crop production diversification may result in an effective and well-managed of trees on farms.
In addition, micro-dosing is recognized as sufficient nutrients source especially on poor soils and
degraded lands [39]. Our results indicate that actual adoption rate of climate information services was
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64%; which is consistent with [40] that farmers adopt some risk reduction technologies among which
agro-advisories practices.

Despite the various benefits of CSA practices and technologies, there exists a gap between
awareness and actual adoption rate, with percentage of farmers who have actually adopted being
lower than the one being aware. This is consistent with previous studies [41,42] revealing that a large
gap between awareness and current use of a single practice occurs as result of constraints to CSA
adoption. This situation requires a deep investigation to understand the limiting factors of adoption of
CSA technologies and practices in Cinzana.

4.2. Drivers of Awareness and Adoption of CSA Practices and Technologies

To understand the drivers of adoption of CSA technologies and practices in Mali CSV, the study
examined first the perception of farmers on the advantages of and constraints to the adoption CSA
options. Then we used a regression model to identify the key determinants of the adoption of CSA
technologies and practices. According to the consumer demand theory, the demand for a product is
significantly affected by the consumer's perceptions of the product's attributes. At a given point in
time, the decision to adopt, reject or defer decision is postulated to be influenced by the belief derived
from the knowledge and perception about the technology at that point in time. In this study, farmers
perceived the ability of the CSA option to increase productivity and income, to reduce the risk of the
crop as main advantages for using CSA technologies and practices. However, they perceived literacy
and the low technical capacity of farmers as main constraints to handle CSA technologies and practice.
The lack of information and the inappropriateness of some technologies/ practices account for other
constraints to CSA technologies and practices adoption. The perception of farmers on technologies
and practices advantages and constraints rely on the characteristics of the potential users (literacy
and low technical capacity of famers), but also on the actions and features of the suppliers of the new
technology (inappropriateness of the technology) [43], as well as on the interactions between users and
suppliers and on the regulatory environment (lack of information about the technology).

The regression model showed that education, number of workers in household, access to inputs
subsidies and credits, animal traction and trainings were playing a significant role in the adoption
of CSA technologies and practices in Mali. Access to input subsidies affects the adoption of drought
tolerant varieties, micro-dosing of fertilizer, and the use of CIS positively. Likewise, the animal traction
has a positive effect on the adoption of drought tolerant varieties, micro-dosing of fertilizer and
intercropping. Access to credit has a positive effect on the use of CIS. Trainings in CIS has a positive
effect on the adoption of drought tolerant varieties, micro-dosing of fertilizer and CIS. Likewise training
on choice of variety has affecting the use of drought tolerant varieties and intercropping positively.

Among factors likely to hamper the adoption of CSA practices, there are socio-economic
characteristics of farmers, bio-physical environment of site, and the attributes of technologies as
it is new [44–46]. Discussing on reasons for the low adoption rates of CSA practices, [47] pointed out
factors such as: lack of skills, high costs of implementing the practice, labor-intensive, unavailability of
inputs and climatic constraints were likely to constraint adoption.

However, consistent with previous studies [25,47] education and farmer experience are important
in explaining awareness and adoption of the CSA practices within the CSV of Mali. Indeed, more
educated farmers were more likely to be aware of drought tolerant improved variety, intercropping
and farmer managed natural regeneration. But in term of adoption, more educated were 26.00% more
likely to adopt FMNR while they were 19.00% and 17.00% less likely to adopt contour farming and
use of climate information services practices respectively. This is a surprising result as increasing
education was expected to increase the respondent’s awareness, leading definitely to increase adoption
of such practices as in the study of [25]; who found that high education levels improve the knowledge
of exposure to adopt. The findings show that a one-year increase in farmers’ experience reveals a
0.4% more likelihood of awareness of climate information services as well as 0.4% more likelihood to
adopt climate information services. This implies that more experienced farmers can understand and
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identify changes related to farming practices more easily. The findings are in accordance with [48]
study in Tanzania, who indicated that farmers with more years of farming experience were more
likely to adopt agricultural technologies when compared with those who had fewer years of farming
experience. The positive and significant sign of the coefficient for active members on the adoption
of some CSA practices aligns with several previous studies [26,49]. Indeed, the coefficient for active
members was positive and significant on the adoption of contour farming and farm managed natural
regeneration, suggesting that a larger active member size is associated with a high probability to adopt
these practices. Unexpectedly, the coefficient for active member was significantly negative in the
intercropping equation whereas there is no effect on the adoption of any of other practices. Such a
finding, even though there is no evidence, corroborates somehow to the facts that contour farming
and farm managed natural regeneration may be more labor-intensive compares to intercropping.
Active member size use as a proxy for family labor may influence positively or negatively technology
adoption [50] but according to [51], a large active member in the household may become reluctant
about providing labor required in the running of the technology, as well as it may provide adequate
labor required as most of the technologies are labor intensive.

Interestingly, our findings are consistent with the assumption that agricultural training positively
influences adoption of agricultural technology [32,52,53]. Accordingly, we found that training on the
choice of variety significantly and positively influenced the adoption of drought tolerant improved
variety and intercropping while training on climate information service influenced significantly and
positively the adoption of climate information services. It implies that specific training provides
insightful knowledge on the use of the technology. Regarding access to subsidy and credit, the results
revealed that in our sample, benefiting from subsidy significantly increase the probability for adoption
of some practices whereas there is no impact on others. Indeed, farmers with access to subsidy
were 13.00% and 20.00% more likely than those without subsidy access to adopt practices such as
drought tolerant improved variety and micro-dosing. Interestingly, farmers with access to credit are
20.00% likely to adopt climate information services. These findings are consistent with the common
understanding that CSA practices require a high initial investment [32]. Consequently, benefiting from
subsidy and credit may facilitate and provide farmers with affordable cost of inputs and therefore
to invest in inputs associated with the practices. For instance, a previous study of [53] revealed that
subsidies have been used at a large scale to promote use of inorganic fertilizer and improved seeds
in Malawi.

However, we found that possession of animal traction was positively correlated with the adoption
of drought tolerant improved variety, micro-dosing and intercropping whereas farmers holding animal
traction were 14.00% less likely to adopt the climate information service. It was argued that access to
animal traction improves efficiency and diversification in agriculture, saves costs and resources (labour,
energy) by improving the scale of farming operations and timeliness [54]. This implies that possession
of animal traction may dissuade farmers practicing climate information services.

5. Conclusions

From a policy perspective, understanding the determinants of technology adoption could help
design dissemination strategies at local-, national-, and regional level. Indeed, the climate-smart
village (CSV) approach aims to scale up and out the promising options of agricultural practices and
technologies tested for dealing with climatic variability and climate change in agriculture. To draw out
comprehensive understanding for policy makers from local to global levels, we adopted a parametric
approach to provide insights on how farmer’s awareness of CSA practices and technologies are linked
with actual and potential adoption rates of CSA practices within the CSV of Cinzana in Mali. The study
provided a finer knowledge of the characteristics and drivers of CSA practices awareness and adoption
within the CSV, and should allow policy makers and NGOs to design efficient strategies for scaling up.

We found that adoption rates of CSA practices and technologies is widespread within the CSV,
as result of high awareness of CSA practices and technologies within the CSV. Indeed, apart from
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contour farming with low adoption rate (39%) resulting in the relatively low awareness rate (70.30%),
all the practices recorded at least 60% of adoption rate with around 85% of awareness rate. Our
findings underscore the knowledge-intensive, and illustrate that awareness, experience in farming
and attending trainings on CSA practices have positive effects on adoption decisions of several
practices, mostly those requiring technical knowledge such as drought tolerant variety, intercropping,
micro-dosing and climate information services. These results highlight the need to target the awareness
of CSA practices and provide farmers with specific training on CSA practices. The positive correlation
between education and the adoption of CSA suggests that investment in rural public education could
accelerate the dissemination of agricultural practices. Knowledge-intensive could be considered as
vehicle of knowledge transfer through dedicated training and capacity building programs aiming to
enhance the technical knowledge of these technologies. The positive effect of training on CSA options
adoption shows that efforts should be focused on farmers’ capacity building through trainings on CSA
technologies and practices.

In other hand, farmers with access to subsidy and credit are more likely to adopt CSA practices
implying that policy maker should establish incentives measures towards the intensification of CSA
use. The positive effect of credit, input subsidies and equipment on adoption of CSA technologies and
practices mean that efforts should be done by the decision makers and development implementers to
improve farmers’ access to farm inputs. This could be done through the traditional subsidies of inputs
(seeds and fertilizer) and equipment but also through connecting farmers with input suppliers via
new type of partnerships (such as contracting farming, value chain, innovation platforms, etc.). For
example, many contractual arrangements involve considerable production support in addition to the
supply of basic inputs such as seed and fertilizer. Farmers can use the contract agreement as collateral
to arrange credit with a commercial bank in order to fund inputs.

Furthermore, our findings confirm the labor-intensive nature of some practices, particularly with
regard to the adoption of contour farming and farmer managed natural regeneration by households
with more active members. It is, however, necessary to encourage the adoption of CSA practices or
other labor-intensive practices by providing farmers with adequate technical support and materials to
best handle the labor issue related to adoption.
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