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Abstract

Understanding the factors influencing the perception of climate change can help
improve policies for strengthening the adaptive capacity of pastoralists with regard
to climate change. Despite this importance, few studies have focused on this issue,
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especially among cattle farmers. In order to attempt filling this gap, this study
analyzed the determinants of the perception of climate change by cattle farmers
distributed in the dry and sub-humid tropical zones of Benin as well as the current
adaptation strategies developed by these farmers. For this purpose, surveys were
carried out through group discussions and an individual questionnaire administered
to 360 cattle farmers in the two climatic zones. The data collected related to the
sociodemographic characteristics of cattle farmers and their perception of climate
change and adaptation strategies. A binary logit model has identified the factors that
influence cattle farmers’ perceptions of climate change. The results of the study
showed that cattle farmers perceive a drop in rain (at least 77%), an increase in
temperature (at least 80%), and violent winds (at least 60%). Breeding experience,
level of education of the farmer, household size, membership of a breeders’
organization, and cattle herd size determine these perceptions. Four major groups
of adaptation strategies have been developed by farmers to cope with climate
change. These are production adjustment strategies, activity diversification strate-
gies, livestock management strategies, and selection strategies. The political impli-
cation of this study is that government and development partners should integrate
these factors into projects and programs related to climate change.
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Introduction

Climate change is currently an increasingly visible threat to the viability of the rural
population of sub-Saharan Africa, where communities depend mainly on the exploi-
tation of natural resources (Kaboré et al. 2019; Adimassu and Kessler 2016).
Livestock rearing is one of the main economic activities on which the poorest people
in sub-Saharan Africa depend as a source of food and income. Despite its impor-
tance, livestock is currently threatened by climate change (Apata et al. 2009; Deressa
et al. 2009) because of its high dependence on natural resources specifically fodder
and water (Idrissou et al. 2019; IUCN 2010). The impacts of climate change in the
livestock sector are felt in the production and quality of forage crops (Polley et al.
2013; Chapman et al. 2012), water availability, animal growth, milk production,
reproduction, and disease (Henry et al. 2012). Faced with this situation, the chal-
lenge for the scientific community is to produce knowledge enabling farmers to
anticipate the effects of climate change on their system and to develop methods and
tools to adapt to it (Sautier 2013). To achieve this, it is necessary to understand how
pastoralists perceive climate change (Deressa et al. 2011), as this influences the way
they manage climate-related risks and opportunities, as well as the strategies put in
place to adapt (Mamba 2016). In developing countries, numerous studies have dealt
with the perception and adaptation strategies of pastoralists in the face of climate
change (Idrissou et al. 2020; Sanou et al. 2018; Ayanlade et al. 2017). In Benin, for
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example, several studies show that pastoralists perceive climate change through the
drop in rain, irregular rainfall, and late start and early end of the rainy season
(Idrissou et al. 2020; Dossa et al. 2017; Zakari et al. 2015). Pastoralists in Burkina
Faso have unanimously discerned some changes in precipitation and temperature
(Sanfo et al. 2015). They saw a decrease in annual precipitation, an increase in the
intensity of precipitation, and the frequency of flooding. In Kenya, pastoralists have
reported changes in the amount and distribution of precipitation, fog, temperature,
and wind over the past 20 to 30 years (Cuni-Sanchez et al. 2019). To cope with the
harmful effects of climate change, pastoralists in developing countries have devel-
oped several strategies such as herd mobility, storage of crop residues, and integra-
tion of livestock rearing with crop farming, among others (Idrissou et al. 2019).

These studies, although they allow apprehending the perceptions and adaptation
strategies of cattle farmers, are still insufficient. Indeed, information on the factors
that determine the perceptions of pastoralists has not often been analyzed. Knowl-
edge of this aspect is important for science and will allow better targeting of policies
to support the adaptation of pastoralists to climate change in developing countries.

Benin, a small country in West Africa, has three climatic zones, the most
vulnerable to climate change being the dry and sub-humid tropical zones (Gnanglé
etal. 2011; MEHU 2011). It is in these most vulnerable areas that more than 85% of
the country’s cattle farms are concentrated (Alkoiret et al. 2011). These cattle farms
will be severely affected by the effects of climate change, resulting in reduced
productivity (Nardone et al. 2010). Pastoralists in these zones are thus exposed to
risks of food insecurity and increasing poverty. A study analyzing the perception and
adaptation strategies of pastoralists in these areas in the face of climate change is
timely as it can help improve policies aimed at supporting these pastoralists to adapt
sustainably to climate change (Folefack and Tenikue 2015; Mabe et al. 2014). The
aims of this study are therefore to (i) analyze the determinants of the perception of
climate change by cattle farmers in the dry and sub-humid tropical zones of Benin
and (ii) identify the current adaptation strategies developed by these farmers.

Material and Methods
Study Areas

This study was carried out in two of the three climatic zones of Benin (located 6° and
12° 50'N and 1° and 3° 40’ E). These are the dry tropical zone between 9° 45’ and
12° 25’ N and the sub-humid tropical zone located between 7° 30" and 9° 45’ N
(Fig. 1). The choice of these zones is based on the fact that climate forecasts indicate
that they are the most vulnerable to rainfall deficit and high sunshine (Gnangl¢ et al.
2011; MEHU 2011), yet more than 85% of the Beninese cattle herd is concentrated
in these zones (Alkoiret et al. 2011).

In each zone, two (2) municipalities were chosen based on the large number of
cattle farmers and preliminary interviews with technicians from the “Agences
Territoriales pour le Développement Agricole” (ATDA). Thus, the municipalities
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Fig. 1 Location of the villages surveyed in Benin

of Tchaourou and Nikki were selected in the sub-humid tropical zone and those of
Gogounou and Banikoara in the dry tropical zone. Within each municipality, three
villages have been selected (Fig. 1). In the dry tropical zone, which includes the
municipalities of Gogounou and Banikoara, the mean annual rainfall is often less
than 1000 mm, and the relative humidity varies from 18 to 99% (highest in August).
The temperature varies from 24 °C to 31 °C. The soils in this zone are hydromorphic,
well-drained soils, and lithosols. The vegetation of this zone is mainly composed of
savannas with trees of smaller size. The sub-humid tropical zone, made up of the
municipalities of Tchaourou and Nikki, is characterized by unimodal precipitation,
from May to October, and lasts about 113 days with an annual mean rainfall varying
between 900 and 1110 mm. The annual temperature ranges from 25 °C to 29 °C and
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the relative humidity from 31% to 98%. Soils in this zone are ferruginous with
variable fertility. The vegetation of the sub-humid tropical zone is characterized by a
mosaic of woodland, dry dense forests, tree and shrub savannas, and gallery forests.

Data Collection

Data collection was carried out from November 2018 to April 2019 in two stages that
include the exploratory study and in-depth interviews.

Exploratory Study

During this phase, interviews were carried out with technicians from the ATDA in
order to identify the villages and cattle farmers to be surveyed. On the basis of the
defined criteria, with the local technicians, the villages of Koubou, Papan¢, and
Agbassa were identified in the municipality of Tchaourou; the villages Tébo, Biro,
and Sakabansi in the municipality of Nikki; the villages of Bagou, Fana, and Lougou
in the municipality of Gogounou; and finally those of Founougo, Goumori, and
Soroko in the municipality of Banikoara (Fig. 1).

After identifying the villages, focus groups of staff varying from 6 to 15 people
were carried out (one focus group per village). During the focus groups, the
questions were open and made it possible to record the maximum of responses on
the perceptions and adaptation strategies of cattle farmers. At the end of these focus
groups, a list of climatic parameters cited by cattle farmers was drawn up. These
climatic parameters have been broken down into different indicators of their man-
ifestations as cited by farmers. A global synthesis was made to constitute the content
of the questionnaire for in-depth interviews.

The interviews carried out during the exploratory study made it possible to
randomly select 30 cattle farmers per village to whom questions were addressed
individually for the continuation of the study. Thus, a total of 360 cattle farmers were
surveyed during this study. The criteria for choosing cattle farmers were having
cattle breeding as their main activity and being at least 50 years old. The choice of
breeding as the main activity to discriminate the respondents is justified by the fact
that several studies focus on agro-pastoralists and generalize the results obtained
both to agro-pastoralists and to pastoralists. However, these socio-professional
categories face different socioeconomic problems (Zampaligré et al. 2014). The
age barrier (50 years) is explained by the fact that climate change is very slow and
elderly people are needed to have reliable historical information (Kaboré et al. 2019;
Bambara et al. 2016).

In-Depth Interviews

The in-depth interview consisted of collecting data through semi-structured inter-
views with the 360 cattle farmers identified during the exploratory study. For data
collection, local investigators were recruited and trained. The training of local
investigators was undertaken for a week and piloted before the start of interviews
with cattle farmers. The aim of the training was to minimize bias and errors in data
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collection. The interviewers used to conduct the interviews with the cattle farmers
were selected from each study village and understood the local language of the
village. The data were collected using a questionnaire. A first series of questions
related to the sociodemographic characteristics of the cattle farmers (sex, age,
breeding experience, ethnic group, household size, number of agricultural assets,
level of education, contact with agricultural extension services, membership of a
breeders’ organization, etc.) and a second series of questions concerned the percep-
tion of climate change indicators as well as the adaptation strategies developed. The
questions posed to farmers on their perception of climate change are consistent with
the indices of the Expert Team on Climate Change Detection Monitoring and Indices
(ETCCDMI) (Zhang and Yang 2004). Climate change indicators are meteorological
parameters whose evolution over time reflects climate change. These indicators are
total annual precipitation, rainfall intensity, daily maximum, and minimum temper-
atures. Other parameters were also taken into account including “rainless days” or
pockets of drought, vortex, and strong winds (Bambara et al. 2016; Salack et al.
2012).

Statistical Analysis

The data from the surveys were processed using the Statistical Package for Social
Sciences (SPSS) version 17. Frequencies of responses were reported and compared
with chi-square (y2) test. The quantitative variables describing the cattle farmers
surveyed were presented as means + standard deviations and compared between
climatic zones using the Mann-Whitney U nonparametric test (McDonald 2009).

The determinants that influence cattle farmers’ perception of climate change have
been analyzed by binary logistic regression (Kaboré et al. 2019; Uddin et al. 2017).
The equation of the binary model is as follows:

Yi=Xip+ei (1)

where Yi is the variable which takes the value 1 if the farmer perceives a climate
change indicator and 0O if he does not perceive it; Xi is the set of explanatory
variables indicating the factors that influence the cattle farmers’ perception of
climate change; and i is the standard error.

Before estimating the logistic regression model, the explanatory variables were
checked to determine the existence of multi-colinearity, using the contingency
coefficient test (Uddin et al. 2017). A collinearity was observed between the
breeding experience and age; between the number of agricultural assets and house-
hold size; and between membership of a breeders’ organization and contact with
extension services. Consequently, age, number of agricultural assets, and contact
with extension services were omitted from the logistic regression model after the
multi-colinearity test. The explanatory variables used for the regressions are sex,
breeding experience, ethnic group, level of education, location (climatic zone),
membership to a breeders’ organization, household size, and herd size.
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Results and Discussion
Sociodemographic Characteristics of the Cattle Farmers Surveyed

The sociodemographic characteristics of the cattle farmers surveyed are summarized
in Table 1. The majority of the cattle farmers surveyed are of the Fulani sociocultural
group (80.83%) and of the male sex (92.5%). They are relatively old
(56.43 £ 5.88 years) and have an average experience of 30 years in cattle breeding.
Cattle farmers in the sub-humid tropical zone were older and more experienced
(p < 0.05) than those in the dry tropical zone. Very few cattle farmers have been
educated (5%). The household size of the cattle farmers surveyed was on average 11
people, and the cattle herd size was on average 64 heads. A large number of cattle
farmers are members of an organization (90.92%) and are also in contact with
agricultural extension services (66.21%). It is specified that the number of cattle
farmers in contact with agricultural extension services in the dry tropical zone is
significantly high (p < 0.05) compared to that of the sub-humid tropical zone. This
could be explained by the fact that historically the dry zone is an area purely
dedicated to animal husbandry, which leads technicians leaving agricultural college
and university to settle more in this zone. Additionally, the first livestock extension
structures were created in the dry zone.

Table 1 Sociodemographic characteristics of cattle farmers

Climatic zones

Variables STZ DTZ Total
Percentage (%)

Sex

Male 95.00* 90.00* 92.50

Female 5.00% 10.00* 7.50

Ethnic group

Fulani 80.00* 81.67° 80.83

Bariba 20.00* 18.33* 19.17

Level of education

Educated 6.67% 3.33% 5.00
Non-educated 93.33* 96.67* 95.00
Membership in an organization 88.33% 93.50? 90.92

Contact with the extension 60.67% 71.75° 66.21

Mean + standard deviation

Age 57.95 + 6.52° 5491 +4.7° 56.43 + 5.88
Breeding experience 34.37 £ 10.95% 25.75 + 8.4° 30.05 + 10.63
Number of agricultural assets 8.55 + 3.64° 7.16 + 3.25° 7.85 + 3.50
Household size 11.70 + 4.64* 11.71 + 4.81* 11.70 + 4.71
Cattle herd size 61.28 + 41.59* 67.72 £ 35. 46" 64.50 + 38.62

STZ sub-humid tropical zone, DTZ dry tropical zone
2 PThe values of the same line indexed by different letters are significantly different at the 5%
threshold
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Cattle Farmers’ Perception of Climate Change Indicators

Seventy-seven percent (77%) of cattle farmers in the sub-humid tropical zone and
82% in the dry tropical zone perceived a decrease in rainfall (Fig. 2a). The indicator
“high intensity of rainfall” was perceived by 78% of the cattle farmers of the dry
tropical zone against 52% of the cattle farmers of the sub-humid tropical zone. In the
both zones, indicators of change in precipitation such as the duration of the drought
pocket, the late onset, and the early cessation of the rains were perceived by more
than 80% of the farmers interviewed. At least 50% of the farmers in both zones
perceived an irregularity in the rains. These indicators of change in precipitation
perceived by pastoralists could be explained by the fact that these indicators remain
the most visible in the observation of rainfall pejoration in Africa (Bambara et al.
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Fig. 2 Perception of indicators of changes in rainfall (a) in temperature (b) and wind (c) by cattle
farmers in the dry (white) and sub-humid (black) tropical zones of Benin
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2013). These results therefore confirm the work of several authors in Africa (Cuni-
Sanchez et al. 2019; Opiyo et al. 2016).

The majority (at least 80%) of cattle farmers in the both zones recognize that the
heat is getting stronger (Fig. 2b). These results reflect an increase in maximum and
minimum daily temperatures observed throughout the year. Farmers also indicated
that the cold season is warming up (70% and 73% of the cattle farmers in the dry and
sub-humid tropical zones respectively) and tends to become shorter (82% in the dry
zone and 85% in the sub-humid zone). As the temperature is a direct feeling, the
farmers can easily see its increase through warmer days and nights. In addition, high
temperatures cause animals to seek more shade and water (Idrissou et al. 2020). This
behavior of animals observed by farmers could also explain their perception of the
increase in temperature.

According to 60% of cattle farmers in the dry tropical zone and 64% of the
farmers in the sub-humid tropical zone, the winds have become more and more
violent (Fig. 2c). The increase in vortices was reported by at least 40% of cattle
farmers in the both zones. In addition, more than 50% of the cattle farmers in the two
zones perceived an increase in dust mists. Strong winds cause material damage such
as destruction of roofs, erosion of cultivable land, uprooting of trees, etc. This
damage noted by farmers could explain their perception. Similar perceptions have
been reported by several authors in other parts of Africa (Limantol et al. 2016; Opiyo
et al. 2016).

Determinants of Cattle Farmers’ Perception of Climate Change

The analysis of binary logistic regression performed to determine the factors that
influence the farmers’ perception of the change in precipitation and temperature is
summarized in Table 2. The variable “Breeding Experience” positively affects
perceptions of reduced rainfall and late onset and early cessation of rains. This result
indicates that farmers with longer years of cattle breeding experience were more
likely to perceive climate change. In addition, experienced farmers observe changes
over time and compare them to current climatic conditions, allowing them to quickly
perceive climate change. This result is similar to those obtained by several authors
(Sanogo et al. 2017; Uddin et al. 2017).

The level of education of the cattle farmers positively influences the perception of
the late onset of the rains at the threshold of 10% (Table 2). The most educated
farmers are more interested in calendar dates or the start of school holidays, which
generally coincide with the start of winter (Kaboré et al. 2019). The less educated do
not really make the difference between an early or late season.

Membership of a breeders’ organization influences cattle farmers’ perception of
reduced rains and late onset and early cessation of rains. Breeders’ organizations
benefit from training from development partners through non-governmental organi-
zations (NGOs), agricultural development projects, and programs. Through these
different structures, cattle farmers are made aware of climate change as well as the
present and future consequences on their livelihood. In addition to these sources of
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learning are the relationships that cattle farmers have with each other which serve as
channels for sharing experiences.

Household size positively influenced the cattle farmers’ perception of the
increased heat. This finding indicates that with increasing household size, the
likelihood that cattle farmers perceive climate change increases. Milk represents an
essential constituent of the food ration of Fulani cattle farmers and also generates
income for their households (Alkoiret et al. 2010). Climate change is causing a
decrease in the milk production of animals (Henry et al. 2012). Large households are
therefore no longer able to meet the milk demand of their large families. This is why
cattle farmers can more easily detect climate change (Kosmowski et al. 2016).

Cattle herd size has also influenced cattle farmers’ perception of the increase in
heat, the decrease in rainfall, and the late onset and the early cessation of rains. This
means that farmers with large numbers of cattle perceive climate change better than
those with small numbers due to the high demand for water and forage. This result is
similar to that obtained among Turkana cattle farmers in northwestern Kenya (Opiyo
et al. 2016).

Cattle Farmers’ Adaptation Strategies to Climate Change

To adapt to climate change, cattle farmers in the dry and sub-humid tropical zones of
Benin have developed several strategies (Table 3). These strategies can be grouped

Table 3 Adaptation strategies of cattle farmers in the dry and sub-humid tropical zones of Benin in
the face of climate change

Climatic

Adaptation strategies zones
Strategy group Type of strategy Total |DTZ |STZ |X° p-Value
Production Forage cropping 31.1 10* 52.2° 72.9 <0.0001
adjustment Storage of crop residues 76.1 |82.2% | 70° 6.7 0.009
strategies Making hay 189 |19.4* [18.3® 0.01 | 0.89

Night grazing 144 | 13.9* |15° 0.02 0.88

Use concentrated feed 728 |77.8° |67.8° 4.05 0.04
Activities Integration livestock-crop | 83.9 | 95% 72.8° 31.2 <0.0001
diversification Fattening 153 |1L1° |194* | 368 | 0.051
strategies Off-farm activities 256 |15°  [36.1° | 199 | <0.0001
Livestock Herds destocking 70 77.8% | 62.2° 9.6 0.001
manag.ement Livestock diversification 589 |92.8" |25° 167.9 <0.0001
strategies Pastoral mobility 96.1 |100*° |922° | 125 0.0003
Selection Breeding local breeds 2.3 19.4* |21.1° 0.06 0.79
strategies Cross between local breed | 25.3 | 31.7° | 18.9° 7.1 0.007

and breed adapted to heat

DTZ dry tropical zone, STZ sub-humid tropical zone
2 PThe values of the same line indexed by different letters are significantly different at the 5%
threshold
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into four major groups of strategies, namely, production adjustment strategies,
activities diversification strategies, livestock management strategies, and selection
strategies. This classification is similar to that developed by Calvosa et al. (2010).

The production adjustment strategies consist of the storage of crop residues, use
of concentrated feed, forage cropping, making hay, and night grazing. The adoption
rates for the storage of crop residues (82.2%) and the use of feed concentrates
(72.8%) were significantly higher (p < 0.05) in the dry tropical zone than in the
sub-humid tropical zone. Conversely, forage cropping (52.2%) was more adopted
(p < 0.0001) by cattle farmers in the sub-humid tropical zone. Indeed, the rainfall
and the number of rainy days recorded in the sub-humid zone being higher than that
obtained in the dry zone could favor the forage cropping in this zone. Also, as the
climatic conditions are not conducive to the forage cropping in the dry zone, this
leads cattle farmers in this zone to resort to other strategies such as the use of feed
concentrates and the storage of crop residues to feed the animals.

Integration of livestock rearing and crop cultivation, fattening, and off-farm
activities are the types of strategies contained in the activities under the diversifica-
tion strategies category. The practice of fattening did not vary significantly
(p > 0.05) from one climatic zone to another. On the other hand, the integration
livestock and crop was more adopted (p < 0.0001) in the dry zone than in the sub-
humid zone. This result means that pastoralists have moved to agro-pastoralism.
Indeed, milk was the staple food for Fulani cattle farmers (Alkoiret et al. 2010), but
with the fall in milk production due to climate change, the consumption of cereals
has increased. To obtain these cereals, cattle farmers exchanged milk for these
products with farmers. But today, given the decrease in crop yield and the strong
demand due to the demographic surge, cereals are inaccessible because their prices
have increased, making the exchange of products difficult. This may be the reason
why cattle farmers integrate livestock and crop because they are convinced that
livestock cannot be their only source of food. This result is similar to those obtained
in Burkina Faso by Sanfo et al. (2015). Off-farm activities were more practiced by
cattle farmers in the sub-humid tropical zone (p < 0.0001) than those in the dry zone.
This could be explained by the fact that the sub-humid tropical zone is an area which
abounds in urban centers of a commercial nature, which could facilitate trade. Thus,
income from off-farm activities can be used by cattle farmers to increase the level of
investment in inputs such as labor, feed concentrates, and veterinary products.

Herd destocking, livestock diversification, and pastoral mobility, all of which are
livestock management strategies, were adopted more in the dry zone (p < 0.001)
than in the sub-humid zone. Indeed, the insufficiency of forage due to the precari-
ousness of the rains pushes the cattle farmers having a large number of cattle to
practice the transhumance to reduce the risk of mortality (Kiema et al. 2013). In
addition, other cattle farmers are forced to reduce the size of their herd (Kima et al.
2015; Oyekale 2014). Livestock diversification through the introduction of small
ruminants into the breeding constitutes a real advantage for the farmers because of
their low food needs, their larger feeding areas, and their higher reproduction rates
(IUCN 2010).
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Breeding local breeds adapted to local climatic conditions, and the crossing
between local breeds and heat-resistant breeds were the two selection strategies
implemented by the cattle farmers in both zones. The adoption rates for the first
strategy were not significantly different (p < 0.05) in the two study zones. On the
other hand, crossbreeding between local breeds and heat-resistant breeds as an
adaptation strategy was more adopted in the dry zone (p = 0.007) than in the sub-
humid zone. This could be explained by the fact that the dry zone is a pre-Sahelian
zone where there is a high temperature, therefore requiring the breeding of heat-
resistant animals.

Conclusion

The manifestations of climate change are perceived by cattle farmers in the dry and
sub-humid tropical zones of Benin. The changes in rainfall are felt through signs
such as reduced rainfall and late start and early end of the rainy seasons. Changes in
temperature and wind were felt through increased heat and violent winds. This study
showed that the sociodemographic characteristics of cattle farmers such as the level
of education and membership of an organization influence local perceptions of
climate change.

Adaptation strategies implemented by cattle farmers can be grouped into four
main groups. These are production adjustment strategies, activities diversification
strategies, livestock management strategies, and selection strategies. These current
developed strategies allow farmers to take advantage of their livelihood.

Based on the results of this study, there is a need to strengthen the adaptive
capacities of farmers in both zones through their access to education and training on
adaptation to climate change within breeders’ organizations. These help to improve
their perception of this phenomenon and help them to better develop adaptation
strategies. Climate information is needed to enable them to increase production to
achieve food security. In addition, endogenous climate change indicators should be
further promoted, as they allow farmers to predict the course of the rainy season and
guide them better in implementing their adaptation strategies to climate change.
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