Environment, Development and Sustainability
https://doi.org/10.1007/510668-021-01242-1

®

Check for
updates

Are perception and adaptation to climate variability
and change of cowpea growers in Mali gender
differentiated?

Fatimata Bintou Diarra’? - Mathieu Ouédraogo’® . Robert B. Zougmoré’ -
Samuel Tetteh Partey’ - Prosper Houessionon' - Amos Mensah?

Received: 12 March 2019 / Accepted: 14 January 2021
©The Author(s) 2021

Abstract

Understanding the gender dimension of climate change perception and choice of adapta-
tion strategies is crucial for policy recommendations that foster the development and inte-
gration of gender-responsive climate-smart agricultural interventions into agricultural
development programs. This study determined the differences in the perception and choice
of adaptation strategies between men and women farmers in Cinzana in the Segou region
of Mali. The study used questionnaire interviews involving 260 farmers (49% women) and
focus group discussions for data collection. Data were analyzed using descriptive statistics
and multinomial logit model to understand the determinants of the level of adoption of
adaptation strategies. The results showed that, irrespective of gender, majority of farm-
ers perceived climate change as extended period of droughts, shortened duration of rains,
increased frequency of strong winds and increased day and night temperatures. While cli-
mate change perception was similar between men and women, choice of adaptation strate-
gies differed significantly in most instances. Women farmers were generally low adopters
of crop and varieties-related strategies, soil and water conservation technics (contour farm-
ing, use of organic manure), etc., compare to men. Notably, being the household head, age
and the availability of free labor were found to positively increased farmers’ probability of
adopting many adaptation strategies. The study recommends improving women’s access
and control of production resources (land, labor) as means to improving their adoption of
adaptation strategies.
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1 Introduction

Climate change is a global problem; it affects people all over the world in varying inten-
sities (IPCC 2018). Developing countries, more specifically in West Africa, are more
sensitive and at risk of climate change manifestations due to the over reliance of more

P4 Mathieu Ouédraogo
m.ouedraogo @cgiar.org

Extended author information available on the last page of the article

Published online: 27 January 2021 ) Springer


http://orcid.org/0000-0001-6581-6287
http://crossmark.crossref.org/dialog/?doi=10.1007/s10668-021-01242-1&domain=pdf

F. B. Diarra et al.

than 90% of agricultural production systems on rainfall with limited adaptive capacities
(Miiller et al. 2011; Jalloh et al. 2013). This challenges efforts to improve food security
and alleviate poverty at levels set in the United Nation agenda 2030 sustainable develop-
ment goals (Barnett et al. 2008a, b; Barrett 2010; UN 2017). Like most of Sub-Saha-
ran Africa (SSA) countries, the variability of precipitation associated with droughts
has been identified as the most important cause of famines and food shortages in Mali
(Haile 2005; Zougmoré et al. 2018). Predictive models project food insecurity in Mali
could increase from 64 to 72% of the Malian population by 2030 owing to adverse cli-
mate change effects (Butt et al. 2004). This has been attributed to the reduction trend
in cereal production projected to decrease by 15 to 19% by 2030. In addition, prices of
food items are expected to double as a result of climate change (Butt et al. 2004; Aune
2008; IPCC 2014). With growing climate uncertainties, the need for adaptation plan-
ning is timely but will begin from a better understanding of local farmers’ perception
and adaptation strategies (Ofuoku 2011; Mitter et al. 2019). This is crucial for policy
recommendations that foster the development and integration of sustainable climate-
smart agricultural interventions into rural development planning programs.

The theoretical context of climate change perception is built on observation, per-
sonal experience and information received from the surroundings/neighborhood over
a period of time. Evidence suggests that the perceptive process by which individuals
receive information or stimuli from the environment and transform it into psychologi-
cal awareness influence their decision to undertake required measures (Bridgeman and
Tseng 2011). In the context of climate change, an individual’s decision to adopt adap-
tive measures has been shown to be defined by their experiential knowledge of weather
patterns (mainly changes in temperature and rainfall) and extreme events (e.g., drought,
strong winds, floods, etc.) over a period of time (Swai et al. 2012; Partey et al. 2018).
Adaptation is, however, seen as the most basic way by which one can respond to the
adverse impact of climate change (Davis et al. 2009). It is how individuals, groups and
natural systems make preparations for and react to perceived changes in climate (Bryant
et al. 2000).

Although it is assumed that every individual will be affected by climate change, climate
experts and literature suggest that women in SSA are more vulnerable and worse affected
by climate change (Bravo-Baumann 2000). This is due to statutory and/or customary laws
that often restrict women’s property and land rights and their limited access to important
resources (land, extension services, information and credit, etc.) that further undermine
their adaptive capacity (Swai et al. 2012). This is no different from Mali where gendered
social norms and roles inhibit women’s adaptive capacity (Nelson and Stathers 2009; Peter-
man et al. 2010; Doss 2011; FAO 2011; Kakota et al. 2011; Wright and Chandani 2014;
and Jost et al. 2015). It has been estimated that if women in rural areas are given equal
access to agricultural resources, yields could increase by 20 to 30% and the total number
of hungry people in the world could be reduced by 12 to 17% (FAO 2011). It is therefore
imperative that gendered differentiated information on climate change adaptation is known
as a means to developing gender-response adaptation strategies to climate change. In Mali,
the effects of climate change on livelihood activities have received much attention with
limited information on the gender dimension of climate change perception and choice of
adaptation strategies (e.g., Touré et al. 2016; Diiro et al. 2016; Sanogo et al. 2016; Traore
et al. 2017a, b). For instance, studies by Touré et al. (2016) and Diiro et al. (2016) pro-
vide an overview of climate change implications for the agricultural sector of Mali and
the call to adopt innovative and sustainable solutions to avert climate-related risks. How-
ever, there is no reference to gender differentiate information to accentuate implications on
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the development of agricultural development plans and policies as part of local adaptation
planning actions.

This study is therefore timely and aimed to use sex-disaggregated data to (i) understand
how women and men farmers perceive climate change, (ii) analyze women and men farm-
ers’ adaptation strategies to climate change and (iii) identify the key determinants of the
level of adoption of adaptation strategies. The research sought to generate relevant data and
information to help policymakers and development practitioners to mainstream gender in
their development initiatives.

2 Methodology
2.1 Study area

The study was conducted in the Segou region of Mali, within the climate-smart village
(CSV) site of Cinzana established by the CGIAR Research Program on Climate Change,
Agriculture and Food Security (CCAFS). The CSV site of Cinzana is a rectangular block
of land measuring approximately 30 by 30 km covering 48 villages. Cinzana belongs to the
Sahelian agro ecological zone of Mali. It is located between 13°53'N and 13°14'N latitude
and 5°63'W-6°15'W longitude (https://ccafs.cgiar.org/mali). Rainfall is unimodal with
the maximum rain events occurring in July and August. Average annual rainfall is about
680 mm. The rainy season lasts from May to October. Low temperatures occur in Decem-
ber through February (18 °C monthly average low), and high temperatures occur in April
and May (40 °C monthly average high) (Traore et al. 2017a, b).

Millet and sorghum are the most staple cereals produced in the study area, while
groundnut, cowpea and sesame are cultivated as major cash crops (Ouédraogo et al. 2017).
Cereals are grown by more men than women, groundnut by more women. Cowpea is pro-
duced by as many women as men. Women are more active in gardening activities, process-
ing of agricultural product and breeding of small ruminants. As in Mali, women farmers
from Segou region have a limited access and control of the resources needed to increase
productivity (i.e., land and equipment). In Mali, land is inherited paternally (father to son)
or allocated by the chief of the village in rural area (Doss et al. 2014). Women have access
to family land only through the man head of the household. They do not own it. Their land
size is relatively small with more than 54% of women having less than 1 hectare of land in
Mali. Only 6% of women have more than 5 ha against 32% for men (MA 2016). Women
can use family land for their crops. They can make agriculture decision about their own
production but they use the resulting income to support their husband activities. They have
authority over only their home garden and the income from them.

The study was carried out in eight villages—Folanassibougou, N’ Tlomabougou, Tongo,
Siekourani, Kamanago, Dougakoungo, N’Gakoro and Kallan located in Cinzana. The
study villages have been selected based on the distances from each other to make the data
more representative of the entire commune of Cinzana (CCAFS 2011).

2.2 Data collection and analysis
Given that the study was interested in the differences in perception and adaptation strate-

gies between women and men farmers, data were collected from individual cowpea farm-
ers to ensure that women farmers are interviewed and that their voices are considered.
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Considering the fact that few households are headed by women in Mali because of the
culture in the country (Touré et al. 2016), it was necessary for the study to target individual
farmers in order to have the chance to interview women and men farmers and reach the
study objectives. Cowpea farmers were targeted in this study because cowpea is grown by
both men and women in Mali unlike other crops such as pearl millet, sorghum and maize
noted as men’s crops, while groundnut is categorized as women’s crop.

The geographical characteristics of the eight villages informed the choice of multistage
sampling. The first stage purposively sampled the study villages based on where cowpea
is predominantly produced in the CSV. Farmers were then categorized into women and
men groups. Third, a simple non-random sampling was adopted to select the respond-
ents for the study. To ensure data reliability with regard to climate change perception, the
study selected respondents who have been resident in the community for at least ten years
prior to the study. Given that climate change is longer-term trend (different from natural
weather variability), the study assumed that its perception by farmers will be affected by
age (Ouédraogo et al. 2010; Alle et al. 2013). Thus, to really appreciate its perception by
farmer in a given location, we should consider a minimum residence time in this location.

Survey questionnaires and interview guides were used for the primary data collection.
The study was conducted with two hundred and sixty (260) farmers comprising one hun-
dred and twenty-seven (127) women and one hundred and thirty-three (133) men. Some
men and women farmers belong to the same household and some not. Equally, inter-
views and focus group discussions were led by men or women according to the sex of the
respondents in order to allow them to be comfortable.

Data from focus group discussions were suited for the purposes of triangulation with
the survey data. Two focus groups (one with women and one with men) were conducted
in each village giving a total of sixteen group discussions. The focus group discussions
provided useful information for the finalization of the questionnaires for the individual
survey. Data were analyzed using descriptive statistics and econometric modeling based
on the multinomial logit. Descriptive statistics were used to analyze farmers’ perception
of changes in climate. A Pearson chi’ was used to determine the existence of differences
between men’s and women’s adaptation levels. A multinomial logit model was used to
understand, predict and identify the various factors which affect women and men adoption
levels of adaptation strategies.

2.3 Analytical and theoretical framework

The multinomial logit model (MNL) represents an appropriate framework to explore
and explain choice processes where the choice set consists of more than two alterna-
tives (Greene 1998). The advantage of using a MNL model is its computational sim-
plicity in calculating the choice probabilities that are expressible in analytical form
(Tse 1987). The model also provides a convenient closed form for underlying choice
probabilities, with no need of multivariate integration, making it simple to com-
pute choice situations characterized by many alternatives (Hausman and McFadden
1984). It was highlighted by Touré et al. (2016) and confirmed by the current sur-
vey that farmers in the Cinzana area combine different agriculture coping strategies.
Therefore, to analyze the farmers’ adaptation strategies, it was necessary to catego-
rize them into several classes based on the number of adaptations strategies adopted.
This study adopted the CCAFS adaptability index (CCAFS 2011) with some changes
to categorize farmers according their levels of adaptation. CCAFS adaptability index
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categorizes farmer as low level of adaptability if it has not made any change, interme-
diate level when it has adopted 1-4 strategies and high level when the household uses
more than 5 strategies. Based on this index, this study categorized farmers’ levels of
adaptation to climate change as follows:

— Low level when farmers are using one (1) to four (4) strategies,
— Medium level for five (5) to height (8) strategies, and
— High level for nine (9) to thirteen (13) strategies.

Suppose that there is J alternative of adaptation levels, the MNL model is expressed
as follows:

P;
log <P—’) =xp forj=1,..,J;i=1,.,N (1
il

where P;; is Prob(Y = 1/x) which is obtained as follows:

p P (x:8) )
TOZLew () ()

Equation (2) can be estimated by the method of maximum likelihood. In this model,
the probability is obtained as follows:

€Xp {xiﬂ.i}
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where for j=1,2, ..., J;i=1,2,...,N

The parameter estimates for the J vectors that maximize the log likelihood function
can be obtained using the Newton method (Greene 1998). Marginal probabilities of
choice (marginal effects) can be calculated from Eq. (3) below:

oP

J
iy .
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Using Eq. (4), we can find changes in probabilities for being in the adoption level
1 due to a slight change in one of the farmers’ characteristics, while holding all other
explanatory variables fixed.

2.4 Analytical and theoretical framework

The dependent variable used for this study is farmers adopted level of adaptation
strategies (ADAPT), while the independent or explanatory variables included sex of
respondent, literacy, access to extension services, land size, age, labor availability and
household head. These variables have been well-thought-out by several previous stud-
ies as factors which may influence farmers’ adaptation strategies (Aymone 2009; Mad-
dison 2006; Doss 2014; Ouédraogo et al. 2017).
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2.4.1 Sex of respondent (SEX)

This is a dummy variable having 1 as a value when the respondent is a man and 0 when
the respondent is a woman. The sex of a respondent may influence his/her access to needed
information, opportunities to adopt some technologies.

2.4.2 Literacy

Literacy is a dummy variable taking 1 when the respondent knows how to read and write
either in a local language or in French and taking zero for the contrary. Education may
influence a farmer adoption of certain technologies, especially if the technology is complex
(following a notice or recommendation, writing planting or specifics dates, etc.). It can also
affect a farmer’s receptivity to an extension agent (Ouédraogo et al. 2017). As explained by
Norris and Batie (1987), a higher level of education may likely increase a person access to
information, to extension and influences his/her adoption level.

2.4.3 Access to extension services

This refers to the frequent visit of extension officers in the villages of the study area and
their level of interaction with men and women farmers. It also refers to the duration of this
interaction. As reported by Maddison (2006) and Aymone (2009), access to extension fos-
ters first, farmer’s exposure to different adaptation strategies and secondly, raises the likeli-
hood of farmers taking action to cope with climate change effect.

2.4.4 Landsize

It is a continuous variable measuring the number of hectares used by individual farmers
in 2015. Land size is recognized to have an influence on farmers’ adaptation decisions and
on yield (Bradshaw et al. 2004; Aymone 2009). This impact can be negative or positive
depending on the type of strategy.

2.4.5 Age

It is a continuous variable; it may positively or negatively influence farmers’ adaptation
capacity, resources, experience and yield. Nhemachena and Hassan (2008) and Maddison
(2006) indicate that age as a proxy for farming experience can influence the probability of
applying climate change adaptation measures.

2.4.6 Labor

The availability may have positive or negative effect on farmer’ level of adoption depend-
ing on the type of strategies. For instance, technologies which require a lot of labor may not
be adopted by a farmer who does not have access to enough free labor because of the cost
of hiring. Shortage of labor has been cited by Ethiopian farmers as one of the major rea-
sons of their inability to adopt most adaptation strategies (Deressa et al. 2009). We there-
fore expect that farm households with more labor are better able to take up adaptations in
response to changes in climate (Nhemachena and Hassan 2008). Even if the possibility for
farmers to hire extra labor exists few rural farmers can do so.
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2.4.7 Household head

It is also a dummy variable taking one (1) when the respondent is the household head and
zero (0) if not. The household head is the decision maker for the entire household. It is
assumed that he is the one who decides which strategies the family is going to use. The
expected effect of being household head on the adoption level is positive.

The empirical model is given by:

ADAPT = f, + p,Sex + p,Age + p;Hhh + f,number of working children+
PsLitteracy + fcAccesstoextensionofficers + X5, Plotsize+

Xg;Landtenure + ¢;

where

e ADAPT represents the level of adoption of strategies (1 =low, 2=medium and 3=high
level),

e [ is the intercept, and f,, f,, ... B, represent the estimated coefficients of explanatory
variables.

e Xj; Corresponds to the sex of respondent, X,; is equal to age of respondent (a proxy for
farm experience), X5; is household head, X,; represents family labor (number of work-
ing children), X5; indicates the respondent literacy, X; is equal to respondent access to
extension services, X,; represents the size of interviewer plot, while Xg; is land tenure
and ¢; is error term.

3 Results and discussion
3.1 Farmers sociodemographic characteristics

Table 1 presents the sociodemographic information of respondents. The result shows that
few farmers are literate (16.5%) and men are more literate than women. About 15.8% of
women were head of household compared to men who represented 67.7% of the household
heads. About 88.08% of farmers in the sample are land owner and 66.15% of them inher-
ited their land.

About 96% of women and 84.5% of men were members of farmer-based organization.
About 62% of men farmers were working with extension officers versus 36.22% of women

Table 1 Sample sociodemographic characteristics (%)

Variables Women (N=133) Men (N=127) Total (s=260)
Literacy 11.02 21.15 16.15
Head of household 15.75 67.67 42.31
Land owner 83.46 92.48 88.08
Inherited land 33.86 96.99 66.15
Farmers’ association 96.06 86.47 91.15
Extension officer 36.22 61.65 49.23
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in the sample. During the group discussions, women said was recently that they started
working with extension services.

3.2 Farmer’s perception of climate change

A three Likert scale was used to determine farmer’s perception of climate change. Table 2
presents the results of farmers’ perception of climate change. It shows that farmers in Cin-
zana have perceived a lot of changes in their climate and environment. They have perceived
some shifts in the beginning and the ending period of the rainy season. In fact, 45% of the
respondents disagrees with the early beginning of the rainy season out of which 40% are
women and 50% are men. Majority of respondents (62%) agree with the early ending of
rainy season, while totality (100%) of the sample disagrees with the late beginning of the
dry season. This result is in line with several studies conducted in West Africa. Touré et al.
(2016) found that 94.1% of farmers perceived a decrease in the length of the rainy season
witch implicitly means an increase in dry season in Cinzana. Maddison (2006) reported
that farmers perceived the change in the beginning and the end of rainy season in seven
sub-Saharan African countries including Senegal, Burkina Faso and Niger. Sanogo et al.
(2016) reported a decrease in the rainy season from six (6) months to four (4) months in
the southern part of Mali.

Farmers in Cinzana perceived a decrease in rain intensity and quantity during the sea-
son. Almost 47% of women and 53% of men disagree with the increased frequency of rainy
days during the season. This confirm the findings from Touré et al. (2016) and Sanogo
et al. (2016).

Farmers, in Cinzana area have noticed an increase of daily and night temperatures. Both
women and men are perceiving changes in the day and night average temperatures. About
72% of women and 74% of men have perceived an increase in the day temperature. Simi-
larly, 65% of women and 63% of men disagreed with the decrease in night temperature.
This finding is in line with Sanogo et al. (2016) who reported an increase of temperature
and number of hot days in southern Mali. However, Touré et al. (2016) reported that few
farmers of its study sample perceived a change in temperature in Cinzana area.

Cinzana farmers have also perceived an increase of strong wind frequency. About 61%
of women and 65% of men disagree with the decreased of strong wind frequency, whereas
56% of women and 72% of men have noticed a decrease in spontaneous bushfire. The same
phenomenon has been observed in Mopti region (Mali) where 83% of the respondent had
noticed an increase of strong winds (Diiro et al. 2016). Farmers have also found their soil
less fertile than the past ten years. About 96% of the sample reported their soil to be less
fertile than 10 years ago, while almost 45% of women and 54% of men disagree with the
fact that they are experiencing less soil erosion problem. This is in agreement with Touré
et al. (2016) and Sanogo et al. (2016) findings.

In general, the study found that women and men farmers have the same perception of
climate change in Cinzana area. They equally perceive changes in the rainy season pat-
tern, temperature, soil quality and extreme phenomena. Diiro et al. (2016) and Partey et al.
(2018) also reported the similitude of women and men farmers’ perceptions of climate
in Mopti region and in the Upper West Region of Ghana. Sanogo et al. (2016) contrary
reported a significant difference between male and women perception. Male farmers were
more likely to notice changes in climate as compared to female farmers in southern Mali
(Sanogo et al. 2016).
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Table 2 Farmers’ perception of climate change (%)

Perception Sex Disagree Neutral Agree

Perception of rain season pattern

Early beginning of the season Women 39.37 25.20 35.43
Men 50.38 6.02 43.61
Pool 45.00 15.38 39.62
Early ending of the season Women 17.32 29.92 52.76
Men 18.05 11.28 70.68
Pool 17.69 20.38 61.92
Increased frequency of rainy days Women 47.24 29.92 22.83
Men 53.38 12.78 33.83
Men 31.58 5.26 63.66
Pool 26.92 11.15 61.92
Late beginning of dry season Women 100 0 0
Men 100 0 0
Pool 100 0 0
Perception of temperature pattern
Increase in day temperature Women 8.66 19.69 71.65
Men 14.29 11.28 74.44
Pool 11.54 15.38 73.08
Increase in night temperature Women 65.35 20.47 14.17
Men 63.15 11.27 25.56
Pool 64.23 15.76 20.00
Perception of extreme phenomena pattern
Decreased frequency of strong wind Women 60.63 15.74 23.62
Men 64.66 13.53 21.80
Pool 62.69 14.62 22.69
Increased of spontaneous bush fires Women 55.91 39.37 4.72
Men 72.18 16.54 11.28
Pool 64.23 7.69 8.08
Soil quality pattern
Improved of soil fertility Women 96.06 0.79 4.72
Men 92.48 4.51 2.69
Pool 96.06 4.61 3.46
More soil erosion problem Women 44.88 27.56 27.56
Men 54.14 25.56 20.30
Pool 49.61 26.54 23.85

Number of observations =260

3.3 On-farm climate change adaptation strategies

The study showed that farmers have adopted different adaptation strategies to face climate
change manifestations over the past ten years (Table 3). These strategies were divided into
four categories including: (i) crops and varieties-related strategies, (ii) soil and water con-
servation strategies, (iii) change in agricultural system as strategy and (iv) others.
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Table 3 Adoption of on-farm climate change adaptation strategies (%)

Strategies All Women Men Diff

Crop and varieties-related strategies

Use of improved and treated seed 55.0 39.37 69.92 —0.3]%#%*
Introduction of new crop 45.0 38.58 51.13 —0.13%%*
Use of high yield variety/hybrid 29.6 20.47 38.35 —0.18%#*
Use of drought-tolerant variety 23.46 33.08 13.39 —0.20%%*
Use of pest/disease-resistant 11.15 7.9 15.04 —0.08%%*
Soil and water conservation technics

Use of organic manure 67.69 50.39 84.21 —0.34 ***
Contour farming 64.23 48.03 79.69 —0.32%**
Tree planting 13.08 7.87 18.04 —0.10%%*
Hedge 3.85 1.57 6.02 —0.04%*
Strip 3.46 4.72 2.25 0.02
Cover crop 2.69 1.5 3.75 -0.02
Mulching 1.54 1.57 1.50 0.00
Stone barriers 0.77 0.00 1.5 -0.02
Changes in agriculture system

Crop association 96.92 97.64 96.24 0.01

Crop rotation 70.38 52.76 87.21 —0.34%%*
Monoculture 31.54 21.84 47.73 0.16%%*
Other strategies

Early sowing/planting 63.46 66.14 60.90 0.05
Agriculture mechanization 57.69 55.12 60.15 —0.05
Late sowing/planting 52.69 58.27 47.37 0.11 **
Increase use of pesticide 29.62 17.32 41.35 —0.24 #**
Integrated pest management 8.85 5.51 12.03 —0.07%*
Increase use of herbicide 0.38 0 0.75 —-0.01

*Significant at 10%; **significant at 5%; ***significant at 1%

For crops and varieties-related strategies, the use of improved and treated seed and the
introduction of new crop were found to be the most adopted adaptation strategies used by
farmers in the study area (Table 3). This is in the same line with Touré et al. (2016) find-
ing which cited use of improve crop varieties such as drought or pest tolerant crop as the
most commonly adopted strategies in Cinzana area. A proportion test revealed significant
(P<0.01) differences between the percentage of women and men adopting improved/
treated seed and new crop.

The most adopted strategies related to soil and water conservation techniques were the
use of organic manure and contour farming which were adopted by 67.7% and 64.2% of
farmers, respectively, with significant (p <0.05) differences between men and women.

The study showed farmers also make changes in their production systems to adapt to
climate change and variability. Some of these include mixed cropping (crop associations),
crop rotation and monoculture systems. However, unlike crop rotation and monoculture,
there was no significant differences between women and men.

The most adopted technologies among the other categories are the early sowing (63.5%),
late sowing (52.7%) and agriculture mechanization (57.7%). Women and men farmers are
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equally sowing early and use machine on their farm. Moreover, there was a significant dif-
ference between men and women on the rate of adoption of late sowing. Women farmers
(58.2%) adopted late sowing more than men (47.4%).

A baseline study conducted in the study area by CCAFS in 2011 (Ouédraogo et al.
2017) indicated 40%, 55% 9%, 8%, 1% and 1% adoption of new crop introduction, use of
organic manure, introduction of intercropping and crop rotation, use of pesticide, later and
early planting and mechanization, respectively. Comparing to this study results, the level of
these technologies adoption has increased by, respectively, 5%, 12%, and 80%, 60%, 62%,
52% and 50%, respectively. This could be explained by a series of climate-smart interven-
tions activities implemented in the climate-smart villages of Cinzana by CCAFS program
since 2011.

All the above technologies are more adopted by men than women at the exception of
late sowing. It exists different explanation to this fact. Nevertheless, the general explanation
is attributing to gender consideration. Indeed, for most of the technologies women commu-
nity management roles and traditions prevent them from the appropriate use of them. For
instance, the difference between women and men adoption rate of introduction of new crop
can be explained by the fact that women farmers are not allowed to grow most of the new
crops introduced such as watermelon, fonio, Bambara nut and at some places, rice, etc. The
fact that this technology is generally introduced by extension officer who, interact more
with men than women can also explain the higher adoption of the technology by men as
compared to women. It is usually NGOs which demand specifically to work equally with
both men and women thus giving women access to some of the technologies. The same
reason is relevant for the use of high yielding varieties, the use of drought-tolerant varieties
which have, respectively, been more adopted by men than women even if these technolo-
gies are not highly adopted.

Regarding, the use of organic manure, women explained, during the discussion group,
that they were not allowed to use animal manure even if they are the owners of the animals.
This is reserved for family men only. Most of the women using this technology are widows.

The contour farming requires knowledge about the practice which one cannot have
without training, most of the time women do not attend training and lack labor. The sta-
tistical proportion difference test between the two study groups concerning this strategy
is significant. This is explained by the fact that agricultural extension and NGO, tradition-
ally focused on improving production of cash crops (which in generally are not grown by
women) by providing men with training, information and access to inputs and services.

Regarding crop rotation, women do not possess a large size of plot as; almost 75% of
women have less than 2 hectares against about 80% of men who owned more than 10 hec-
tares (MA 2016). Women do not own enough space to rotate crop that is also the reason for
their high level of crop association adoption.

Late sowing is the only practice that has been more adopted by women than men.
According to women during the discussion group, they must prioritize men farms against
their own farm. Therefore, they whether sow early or late in order to be available when
men need them on their farm.

3.4 Farmers'level of adoption
Figure 1 presents the adoption levels of farmers with significant differences between men

and women (p <0.05) in the study area. About 62% of the sample was medium adopters
(66.9% of women and 56.4% of men). More women farmers were low adopters (18.1%)
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Total 28
Men 41
Women 15
0% 20% 40% 60% 80% 100%

mLow ®Medium ®High

Fig. 1 Farmers’ level of adoption (%)

compared to men (2.3%). And more men are high adopters (41.4%) as compare to women
(15%). Even thus men and women have the same perception and adaptation strategies
to climate change, they have different adoption level of adaptation strategies to climate
change. This seek for the deep analysis of the determinants of farmers adoption level of
adaptation strategies which will be developed in the next section.

3.5 Determinants of farmers’ adapted level of adaptation to climate change

Table 4 presents the results of the multinomial logit regression analysis. The chi-square
result showed that the likelihood ratio statistics is highly significant (P =0.0000). This con-
firmed the fact that the model as a whole is statistically significant. The result indicated that
sex, age of respondents, the number of free available labor and being the head of household
have significant positive effects on adaptation strategy level.

The sex of the respondent had a significant (p <0.05) effect on the probability of being
part of the medium and the high adopters as compared to the low level. It was evident that
being a male farmer increases one’s probability of being part of the medium and high adop-
ters by 1.7% and 13%, respectively. It reduces by 11% the probability of being part of low
adopters. That is confirmed by Tenge and Hella (2004), Touré et al. (2016), Twyman et al.
(2014) who reported that the non-adoption of certain agricultural technologies by women
was explained by their limited access to information, land and other important resources
due to sociocultural norms. Women farmers’ lack of knowledge, learning opportunities,
economic and land resources and sometimes labor disadvantage them to be part of the high
adopters. For instance, during the discussion groups, women farmers indicated that it is
part of the culture to attribute small and less fertile plot to them.

Being an aged farmer increases by 0.2%, the probability for a farmer to be part of the
high adopter. In the same line being the head of the household increases the probability
by 11% for a farmer to be part of high adopters. The availability of free labor in the family
positively increases the probability of farmers by 2% to be part of the high adopters. These
findings are in agreement with Touré et al. (2016) which determine gender, age and being
the household head as the main socioeconomic factors that impacted on adaptation deci-
sions. This is also in the same line with Deressa et al. (2009) which indicated Male-headed
households to be 9% more likely to adopt adaptation technologies. These factors determine
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Table 4 Determinants of adaptation strategy level (from multinomial logit model)

Low level Medium level High level
Variables coefficient Marginal effect coefficient Marginal effect coefficient Marginal effect
Sex - —0.115* 1.392% 0.017* 2.319 * 0.132%*
(0.833) (.0868) (0.907) (0.068)
Age - 0.000 0.011 —0.001 0.069 **  0.002%*
(0.036) (0.002) (.0406) (0.002)
Head of household — 0.077 0.879 —0.038 1.478 * 0.115*
(0.638)  (0.057) (0.694) (0.057)
Number of work-  — 0.014 0.156 -0.013 0.319%*  0.028%**
ing children (0.144) (0.012) (0.158) (0.012)
Literacy - 0.042 —0.597 —0.058 -0.405  0.015
(0.681) (0.069) (0.756) (0.069)
Literacy of house- — —-0.018 0.254 0.023 0.234 —0.004
hold (0.168) (0.011) (0.177) 0.011)
Access to exten- - —-0.021 0.321 0.044 0.335 -0.022
sion (0.521) (0.055) (0.591) (0.055)
Plot size - —0.005 0.065 —0.001 0.102 0.006
(0.094) (0.004) (0.097) (0.004)
Land tenure status — —-0.025 0.329 0.009 0.424 0.016
(0.445) (0.048) (0.507) (0.0488)
Cons - -0.321 - -3836 -
(1.108) (1.312)

LR chi2(18) =69.53; prob > chi2 =0.0000
Log likelihood =-195.77388; pseudo R2=0.1508

Standard errors in parentheses; ***p <0.01, **p <0.05, *p <0.1

the control of resources by women limiting their capacity of to decide and/or to act vis-a-
vis of climate change and variability.

4 Conclusion and recommendations

Farmers in Cinzana, men and women equally, have a clear perception of their environment
changes. They are perceiving changes in their climate and environment without any dis-
tinction. They have noticed some disturbance in the rainy and the dry seasons characterized
by a shift in the beginning and the end of both seasons, a shortening of the rainy season
and a lengthening of the dry season. They have also noticed an increase in the temperature
with an erratic cool days and night.

Even though, women and men farmers in Cinzana community have the same perception
of climate variabilities and change, they do not have the same level of adoption of adapta-
tion strategies. Men are dominantly adopting all ongoing strategies in the study area, while
female farmers are facing challenges to access some of adaptation technologies. Women
farmers in Cinzana account for the low adopter of adaptation strategies as compared to
men.

Several factors contribute to explain the different level of adaptation to climate change
of men and women. The study revealed that being a man, a head of household and having
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labor are the most factors that bring farmers to a high level of adoption of adaptation strate-
gies. All these factors determine the access to and control of resources for cropping activi-
ties. Women farmers lack important resources such as access to extension and training,
adequate land size, financial resources (to buy inputs or hire labor), etc. These differences
between women and men level of adopting adaptation strategies highlighted by this study
are mostly driven by the sociocultural norms and economic factors.

The study highlighted that women appear to have low adaptive capacity. Therefore,
there is need to enhance women adaptive capacity by improving access to services (finance,
land, capacity building) through various complimentary measures including policy inter-
ventions and engagement of women in projects development and implementation. Gender
must be taken into account in all climate change studies in order to target the appropriate
policy or intervention to the right group, since this study has clearly shown that women and
men do not have an equal adaptive capacity. More specifically project should put emphasis
on women access to capacity building opportunities (training), credit, inputs, and market.
In addition, measures should be taken to break the sociocultural barriers of women access
to resources such as hiring more female extension officers in Cinzana area. This will sim-
plify women access to extension services.
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