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Abstract 
Climate change poses an important constraint to agricultural sector and food 
security in tropical African countries dominated by rain-fed agriculture. This 
research focuses on the effects of climate variability on yam production in 
central and northern Benin. Daily climate data such as temperatures, precipi-
tation, potential evapotranspiration, relative humidity and insolation from 
1981 to 2016 were collected at the direction of METEO-Benin. A survey was 
then conducted with 351 producers to collect their perceptions of the effect of 
climate variability on the yams production. Descriptive statistics, principal 
component analysis (PCA) followed by trend analyses, Lamb index calcula-
tions and the agro-climatic stress index were carried out. The distribution of 
rain during the yam cycle (91.5% of those surveyed), the ambient temperature 
(84.9%), insolation (83.5%), the amount of rainwater that fell during the rainy 
season (82.2%) and the harmattan (53.3%) are perceived by sociolinguistic 
groups as climatic factors affecting the growth, the tuberization and yield of 
yams according to the producers. The results indicate an upward trend in 
temperature over the period 2001 to 2016 in the transition zone (28.4˚C) and 
in the Northeast (27.76˚C) and over the period from 2001 to 2011 in the 
North-West of Benin (27.71˚C), where the average annual temperature dur-
ing these periods is higher than normal (27.82˚C in the center, 27.44˚C in the 
Northeast and 27.42˚C to the northwest). This research also shows an insta-
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bility of the rains with a regular decrease in the rainfall in the Centre and the 
North-East of the country. The agro-climatic stress index (ISA) and above all 
the annual rainfall constitute the main climatic factors which determine the 
yield of yam in the various growing areas in Benin. The average annual tem-
perature and that of January in the transition zone, the rains of January and 
April in the North-East zone and the relative humidity in the North-West 
zone also probability determine the yield of the yam. 
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1. Introduction 

The yam (Dioscorea spp.) constitutes in certain tropical countries of Africa, the 
Caribbean, Oceania and Latin America, the staple food for more than 500 mil-
lion people (FAOSTAT, 2017; Adifon et al., 2019). In the West Africa, yam plays 
a major role in livelihoods and social relations in rural areas (Adeniji et al., 2012; 
Elijah et al., 2018). In Benin, the yam also occupies a privileged place in eating 
habits. It represents an important source of carbohydrates and vitamin B6 for 
the populations mainly those of the regions of the Centre and the North of the 
country (Loko et al., 2013; Adifon et al., 2019). The yam has also entered the 
market economy strongly in recent decades and has moved from being a food 
crop to a cash crop. As a result, it constitutes an important source of monetary 
income for producers and traders (Floquet et al., 2012). 

However, the agricultural sector in Benin remains essentially rain-fed, de-
pending on nature and the climate (Boko et al., 2007). Benin is no exception to 
these profound changes in the climate. The country has indeed known for 40 
years, strong climatic variability characterized by a fluctuation in the period and 
duration of precipitation, a variation in annual rainfall, an increasingly warm 
climate, drought, unexpected floods and strong winds (Yabi and Afouda, 2012; 
Bello et al., 2016). These profound changes in climate according to Boko et al. 
(2007) and Srivastava et al. (2012) negatively affect plant growth and can have 
consequences on crop yield levels and agrarian systems (Houssou et al., 2016, 
Bello et al., 2016). To this end, several researches have been carried out in recent 
years to assess the effects of climate change and the variability of climate factors 
on agricultural production, in this case on certain crops, including cereals 
(Agossou et al., 2012), cashew (Bello, 2018), pineapple (Houssou et al., 2016) and 
cotton (Katé, 2016), but the impacts of the climate on plants with roots and tu-
bers like yams and their potential adaptation to climate change in Benin are still 
little studied. 

However, according to Vaillant et al. (2005), Marcos et al. (2009) and Uger 
(2017), growth, vegetative development, tuberization and yams productivity also 
depend on soil conditions, climate factors and their variability. The present 
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study therefore aims to assess the effect of climatic factors on the production of 
yams in different agro-ecological zones of Benin in the context of climate varia-
bility.  

2. Study Area 

The present study was conducted in three different yam production areas in Be-
nin according to the climatic gradient (Figure 1) notably the transitional zone 
(Bantè and Savalou in the Collins department in Central-Benin), the humid or 
Sudanese tropical climate (Bemberekè in Borgou Department and Gogounou in 
Alibori department) and a Sudanese mountain or Atacorian climate in the  
 

 
Figure 1. Map of Benin showing the study area. The district’s names are in capital letters 
and the villages names in small letters. 
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North-West of Benin (Natitingou and Kouandé in atacora Department). Two 
seasons, including one rainy from April to October and one dry from November 
to April, characterize the transition zone which is fairly homogeneous with a 
peneplain modeled on a Precambrian base and dominated by hills of 300 m on 
average (Yabi, 2008). The North-East zone is characterized by a unimodal cli-
mate regime with two contrasting seasons including a longer rainy season (from 
April to October) with 900 to 1300 mm per year and a slightly shorter dry sea-
son, between November to March (Le Lay and Galle, 2005; Lawin, 2007). The 
North West area is dominated by two seasons, including a rainy one which ex-
tends from May to October and a dry one from November to May. Precipitation 
actually sets in June (Lawin, 2007). 

3. Material and Methods 
3.1. Data Collection 

Daily climatic data: temperatures (maximum and minimum), rainfall, relative 
humidity (maximum and minimum), insolation and potential evapotranspira-
tion (ETP) from the synoptic stations of Savè (transition zone); Parakou (North- 
East Zone) and Natitingou (North-West Zone) were collected from METEO- 
Benin. These climate data were collected over the period 1981 to 2016. A survey 
was also conducted with yam producers to collect their perceptions on climatic 
factors whose variability affects the growth and productivity of yams on the one 
hand and the production and area sown of yams by farmers from 2012 to 2017 
on the other hand. The sample size (N) for the survey was obtained using the 
normal approximation of the binomial distribution proposed by Dagnelie 
(1986): 

( )( )2

1 2

2

1p p U
N

d
−α−

=  

with:  
U1−α/2 the value of the normal random variable for the probability value of 1 − 

α/2, α being the risk of error. For α = 5%, the probability 1 − α/2 = 0.975 and we 
have U1-α/2 = 1.96, p is the estimated proportion of people who cultivate yam in 
the study environment. The margin error of estimation (d) used in this study is 
5% (1% ≤ d ≤ 15%). From the p-values of the results of the exploratory phase, 
351 producers were selected in the study environment on the basis of 114 pro-
ducers in the Central area, 121 in the Northeast area and 116 in the North West 
area. They were distributed in the three zones according to agricultural house-
holds cultivating the yam (24.1% in the Centre, 44.5% in the North-East and 
31.4% in the North-West). In each locality, the people surveyed were identified 
using simple random sampling. 

3.2. Data Processing and Analysis 
3.2.1. Processing of Climatological Data 
To reduce errors from data related to the measures and better visualized the dry 
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and wet periods, high and low temperatures periods, the Mean standardized 
anomaly indix (IP) were calculated from the Formula (1): 

Xi XmIP −
=

σ
                         (1) 

With Xi (mm) = annual rainfall or temperature in mm or ˚C respectively, 
Xm (mm) = the mean annual rainfall or temperature over the study period 
(1981-2016), σ = standard deviation of annual rainfall totals or annual mean 
temperature over the study period. Similarly, in order to study the stationary 
characters of the time series from 1981 to 2016 for each of the climatic varia-
ble per zone, the linear adjustment with the time series analysis, and precisely 
the trend analysis were performed following the method described by Bo-
werman and O’Connell (1993). This trend has been assessed taking into ac-
count regression equations and determination coefficient R2 (Bello et al., 
2016). In order to assess to the periods of the year favorable to the cultivation 
of yams, the potential monthly water balance was also determined. Its deter-
mination took into account the average monthly rainfall and potential evapo-
transpiration. 
 If the potential water balance < 0; then the period was dry and unfavorable to 

vegetative activity. 
 If the potential water balance > 0 then moist and conducive to vegetative 

growth and the tuberization of yams. 

3.2.2. Statistique Analysis of the Data 
The collected data were codified, entered and analyzed using SPSS (Statistical 
Package for Social Sciences) Version 20.0, for determining descriptive statistics 
in terms of percentage and mean. 

In Benin and generally in Africa, local perceptions of events and practices are 
influenced by ways and customs, which are dependent on sociocultural groups 
(Gnanglè et al., 2011). Therefore, the respondents were grouped according to the 
six main socio-cultural groups, namely Ifè, Itcha, Mahi, Otamari and related in 
the transition zone, Bariba or Baatonbou and the Peulh in the Sudanian zone in 
the North East and Bariba, Peulh and Otamari and relatives in the Atacorian 
zone in the North-West. In each group, respondents were grouped into two age 
categories (adult i.e. 50 - 70 years, elders, i.e. 70 and above) and sex (Assogbadjo 
et al., 2008). Thus, in total, 18 socio-cultural categories (instead of 36 potentials) 
and taking into account the combination of main socio-cultural groups, age and 
sex were considered (Table 1). For each person surveyed, the perception citation 
for each indicator of climate change was determined. For each of the 18 categories, 
an average of perception citation was calculated for each indicator from the aver-
age value of the citation of perception of this indicator by the individuals in the 
group considered. A matrix of perception of indicators of climate change and its ef-
fect on the cashew was subjected to Principal Component Analysis (PCA) accord-
ing to Bello et al. (2017). Statistical analysis was done with Minitab14 software. 
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Table 1. Number associated with the 18 main sioco-cultural groups studies (N = 351). 

socio cultural group Codes Number 

Adults Men Bariba AMBa 42 

Adults Men Ifè AMI 2 

Adults Men Itcha AMIt 11 

Adults Men Mahi; AMM 6 

Adults Men Otamari AMOt 28 

Adults Men Peulh AHPh 11 

Young Women Itcha YWIt 3 

Young Women Mahi; YWMa 1 

Young Women Otamari; YWOt 1 

Young Men Bariba YMBa 108 

Young Men Ifè YMI 10 

Young Men Itcha YMIt 19 

Young Men Mahi YMMa 35 

Young Men Otamari YMOt 53 

Young Men Peulh YMPh 10 

Old Men Bariba OMBa 2 

Old Men Itcha OMIt 6 

Old Men Otamari OMOt 3 

Total 351 

3.2.3. Investigation of the Dependence between Climatic  
Parameters and the Yield of Yams 
Yam tubers yields by zone (Transition, North-East and North-West) were cal-
culated on the basis of data collected from producers on the crops and areas 
sown with yams by year (Adifon et al., 2019). An average value is calculated per 
year and per zone. 

In order to identify among the climatic parameters such as precipitation, 
temperatures, relative humidity, insolation, the number of rainy days per year 
and the Agro-climatic Stress Index, those most explanatory of the yield in fresh 
yam tubers by study area, the econometric approach based on ordinary least 
squares (OLS) was adopted. This is the multiple linear regression performed us-
ing Stata version 14 software. Also, the Fisher test was used to assess to the de-
gree of significance of the information explained by the variables compared to 
the constant value of each equation. 

4. Results 
4.1. Farmers’ Perception of Climatic Factor Affecting Yam  

Production in Benin 

The perception of yam producers in the study areas on the effect of climatic fac-
tors and their variability on the germination of tubers after planting, the growth 
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of the aerial part, the tuberisation and on the productivity of yams are presented 
in Table 2. 

Analysis of this table shows that local perceptions are unanimous on the in-
fluence of the variability of climate parameters on the growth and production of 
yams. The heights of rainwater received during the rainy season (82.2% of  
 
Table 2. Proportion (%) of answers related to the effect of climate components on yam 
growth and yield according to farmers by climate area. 

Climatic 
parameters 

Modality 

Percentage of responses 

Transition 
(n = 114)1 

Northeast 
(n = 121)1 

Northwest 
(n = 116)1 

Total 
(N = 351)1 

Amount of rainfall 
(precipitation or 
annual rainfall) 

Effect on the growth 
and yield of yams 

81.6 86.8 78.4 82.3 

Has no or very little effect 
on yam growth and yield 

18.4 13.2 21.6 17.7 

Length of the 
rainy season 

Effect on the growth 
and yield of yams 

90.4 92.6 88.6 90.6 

Has no or very little effect 
on yam growth and yield 

9.6 7.4 11.2 9.4 

Rainfall 
distribution 
during the 

rainy season 

Effect on the growth and 
yield of yams 

90.4 99.2 84.5 91.5 

Has no or very little effect 
on yam growth and yield 

9.6 0.8 15.5 8.5 

Duration of the 
dry season 

Effect on the growth and 
yield of yams 

71.9 91.7 83.6 82.6 

Has no or very little effect 
on yam growth and yield 

28.1 8.3 16.4 17.4 

Temperature 

Effect on the growth and 
yield of yams 

77.2 95.9 81 84.9 

Has no or very little effect 
on yam growth and yield 

22.8 4.1 19 15.1 

Insolation 

Effect on the growth and 
yield of yams 

77.2 93.4 79.3 83.5 

Has no or very little effect 
on yam growth and yield 

22.8 6.6 20.7 16.5 

Harmattan 

Effect on the growth 
and yield of yams 

62.3 57.9 39.7 53.3 

Has no or very little effect 
on yam growth and yield 

37.7 42.1 60.3 46.7 

The wind 

Effect on the growth and 
yield of yams 

11.4 13.2 10.3 11.7 

Has no or very little effect 
on yam growth and yield 

88.6 86.8 89.7 88.3 

1number of people interviewed. 
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people surveyed), the duration of the rainy season during the vegetative cycle of 
yams (90.6% of people surveyed), the distribution of rains during the yam cycle 
(91.5% of those surveyed), the length of the dry season (82.6% of those sur-
veyed), the ambient temperature during the growing cycle of yams (84.9% of 
those surveyed), sunstroke (83.5%) and harmattan (53.3%) are thus globally 
perceived by the interviewers as factors whose fluctuations influence the growth 
of the aerial part, the tuberization and the yield of yams. The vast majority of 
producers (88.3% of those surveyed) believe that the speed of the wind, despite 
its variability, does not affect the growth and yield of yams any more. The results 
of principal component analysis (PCA) carried out on the perception data made 
it possible to describe and refine the relations between the sociolinguistic groups, 
their perceptions of the variability of the climatic parameters and the effects on 
the growth and the production of yams. These results indicate that the first two 
axes explain 57.3% of the total information (Table 3). 

The projection of the different sociolinguistic groups in the system of axis de-
fined by the climatic parameters (Figure 2) reveals that young women Mahi and 
Icha, young men and old men Batoonou and adult Peulh men have the percep-
tion that sunstroke, the distribution of rain and the dry season during the yam 
growing cycle are the climate parameters which, the variability affects vegetative  
 

  

Figure 2. Local perceptions of the effect of climatic parameters on yam production based 
on Principal Component Analysis (PCA): projection of climatic parameters and so-
cio-cultural groups in the factorial axis system. Legend: AMB = Adults Men Bariba; AMI 
= Adults Men Ifè; AMIt = Adults Men Itcha; AMM = Adults Men Mahi; AMOt = Adults 
Men Otamari; AHPh = Adults Men Peulh; YWIt = Young Women Itcha; YWMa = 
Young Women Mahi; YWOt = Young Women Otamari; YMBa = Young Men Bariba; 
YMI = Young Men Ifè; YMIt = Young Men Itcha; YMMa = Young Men Mahi; YMOt = 
Young Men Otamari; YMPh = Young Men Peulh; OMBa = Old Men Bariba; OMIt = Old 
Men Itcha; OMOt = Old Men Otamari. 
 
Table 3. Eigen value of the four principal components (PC). 

PC Axis Eigenvalue Proportion Cumulative 

PC1 2.980 0.373 0.373 

PC2 1.6022 0.2 0.573 

PC3 1.3512 0.169 0.742 

PC4 0.981 0.123 0.864 
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growth and yam production, while for adult men Ife, the harmattan is the cli-
matic factor which variability has more effect on the growing and productivity of 
yams. For Adult men and Young women Mahi, young men Ifè and Young men 
peulh, the rains and sunshine are perceived as the climate parameters which va-
riability affects the production of yam. 

However, the young women and adult men Otamari and relatives who con-
sider that the variability in temperature and rainfall distribution are the climatic 
factors that have the greatest impact on yam production in Benin. 

4.2. Trends Analysis of Climatic Parameters in the Study Areas 

The analysis of interannual variability and temperature trends recorded from 
1981 to 2016 in synoptic stations near the study areas (Figure 3) shows two dif-
ferent periods. The first period starts from 1981 to 2000 during which the aver-
age annual temperature 27.7˚C in the transition zone, 27.2˚C in the sudanian 
zone in the Northeast and 27, 3˚C in the Atacorian zone in the North-West is 
lower than normal by 27.82˚C in the Centre, 27.44˚C in the North-East and 
27.42˚C in the North-West respectively. A second period starts from 2001 to 
2016 in the transition and Sudanian zones and 2001 to 2011 in the Atacorian 
zone and is characterized by an average of the annual temperature above normal 
with respectively an average temperature over the said period (2001-2016) of 
28.4˚C in the transition zone, 27.76˚C in the North-East and 27.71˚C in the 
North-West of Benin. 

The linear regression applied to the thermometric data shows an increasing 
trend of the ambient temperature in the three zones with a growth rate of 0.07% 
in the transition zone, 0.02% in the Sudanian zone in the North-East and 0.01% 
in the Atacorian zone in the northwest. This upward trend in annual average 
temperatures is fairly linear and very significant (p < 0.05) in the transition zone  
 

 
 

  

Figure 3. Trend in mean annual temperature in the study areas from 1981-2016. 
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with regard to the coefficient of determination R2 in the Centre (R2 = 0.68; p < 
0.05). 

Similarly, the analysis of the occurrence of maximum daily temperatures by 
production area (Table 4) reveals that certain months of the year, particularly 
the months of December, March and April are marked by days when the tem-
perature daily maximum is above 35˚C. In this condition, the availability of wa-
ter is limited; this can cause water stress with the consequence, a warming fol-
lowed by rot of the planted tubers or retarded growth of the yam tubers. 

Analysis of the average interannual relative humidity recorded at synoptic sta-
tions near the study area over the period 1981 to 2016 (Figure 4) shows inte-
rannual variations in relative humidity over the entire period study and an in-
creasing trend in the three zones with a growth rate of 0.07% in the transition 
zone, 0.05% in the Sudanian zone against 0.28% in the Atacorean zone. The av-
erage monthly relative humidity is between 50.72% and 80.05% in the Centre, 
33.61% and 81.34% in the North-East and between 30.30% and 80.65% in the 
North-West (Figure 5). The months of December, January, February have the 
lowest monthly hygrometric values whereas from April to September, the 
monthly hydrometry values are 69.54% and 80.06% in the Center, 63.49% to 
81.31% in the North-East and 61.35% to 80.64% in the North-West. 

Analysis of the time series relating to rainfall data shows a high instability of 
rainfall with a succession of very rainy, moderately rainy, moderately dry, very 
dry, and extremely dry years (Table 5). Analysis of trends of rainfall (Figure 6) 
shows a downward trend in the transition and northeast regions with a regres-
sion rate ranging from −1.84% to −4.09% while in the North-west, there is an 
increasing trend in rainfall. However, these trends in rainfall in the transition 
zone in the Center and in growth in North-West Benin do not show defined 
patterns with regard to the coefficients of determination which are very low and  
 

 
 

  

Figure 4. Trend in mean relative humidity in the study areas from 1981 to 2016. 
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Table 4. Occurrence of daily maximum temperatures over the period 1981-2016 in the 
study areas. 

Variables: 
Months 

Modalities 
Percentage/Number of days 

Transition Northeast Northwest 

January 

Number of days T < 35˚C 19.9 35.5 45.2 

Number of days T = 35˚C 32.5 38.7 32.3 

Number of days T > 35˚C 54.8 25.8 22.6 

February 

Number of days T < 35˚C 0 0 3.2 

Number of days T = 35˚C 3.2 12.9 6.5 

Number of days T > 35˚C 96.8 87.1 90.3 

March 

Number of days T < 35˚C 0 0 0 

Number of days T = 35˚C 12.9 3.2 0 

Number of days T > 35˚C 87.1 96.8 100 

April 

Number of days T < 35˚C 61.3 12.9 0 

Number of days T = 35˚C 9.7 45, 16.1 

Number of days T > 35˚C 29 41.9 83.9 

May 

Number of days T < 35˚C 96.8 87.1 74.9 

Number of days T = 35˚C 0 9.7 19.4 

Number of days T > 35˚C 3.2 3.2 6.5 

June 

Number of days T < 35˚C 100 100 100 

Number of days T = 35˚C 0 0 0 

Number of days T > 35˚C 0 0 0 

July 

Number of days T < 35˚C 100 100 100 

Number of days T = 35˚C 0 0 0 

Number of days T > 35˚C 0 0 0 

August 

Number of days T < 35˚C 100 100 100 

Number of days T = 35˚C 0 0 0 

Number of days T > 35˚C 0 0 0 

September 

Number of days T < 35˚C 100 100 100 

Number of days T = 35˚C 0 0 0 

Number of days T > 35˚C 0 0 0 

October 

Number of days T < 35˚C 100 100 96.8 

Number of days T = 35˚C 0 0 3.2 

Number of days T > 35˚C 0 0 0 

November 

Number of days T < 35˚C 41.9 54.8 16.5 

Number of days T = 35˚C 35.5 32.3 45.2 

Number of days T > 35˚C 22.6 12.9 38.7 
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Continued 

December 

Number of days T < 35˚C 25.8 45.2 29 

Number of days T = 35˚C 22.6 32.3 41.9 

Number of days T > 35˚C 51.6 22.6 29 

 
Table 5. Classification of the years following to the combined standard rainfall index (IPS) 
of Mckee and Ali. 

Transition Northeast Northwest 
Year to 
date IPS 

Characteristics 
of the years 

1999, 2003 1988  >2 
Extreme 
humidity 

1988; 1995; 
2004; 2007; 2008 

1989; 1991; 
1995; 2008; 2014 

1991; 1998; 2003; 
2009; 2012 

[1; 2] Very rainy 

1984; 1985; 1987; 
1989; 2006; 
2010; 2014 

1984; 1994; 
1996; 1998; 2004; 
2009; 2010; 2012 

1986; 1994; 1995; 
1996; 2004; 2007; 
2008; 2010; 2011 

[0.25; 1] Moderately rainy 

1994, 1996; 
1997; 2002 

1985; 1993; 1999; 
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Figure 5. Monthly variations in relative humidity (1981-2016) in the study areas. Legend: 
MINI HR: Minimum relative humidity; Hmoy: Average relative humidity; MAXI HR: 
maximum relative humidity. 
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Figure 6. Trend in mean rainfall in the study areas from 1981 to 2016. 
 
not significant (p > 0.05). The analysis of the rainfall data and of the potential 
Evapotranspiration reveals five (5) dry and deficit months in the various zones, 
in particular the months of January, February, March, November and December. 
During these rainy months, rainfall remains below FTE and climate demand. 

4.3. Most Determining Climatic Factors for Yam Yield 

The results of the analysis of multiple regressions relating to the most determin-
ing climatic parameters of yam yields (Table 6) revealed that the agro-climatic 
stress index (ISA) and the annual rainfall constitute the main climatic factors 
which determine the yam yield in the various growing areas in Benin. 

The average temperature of January in the transition zone, the rains of Janu-
ary and April in the Sudanian zone as well as the relative humidity and the rains 
of April in the Atacorian zone also significantly determine the yield of the yam. 
Likewise, the first rains following the yam planting period, especially in January, 
especially in the Sudanian zone, probability affect the yield of yams.  

5. Discussion 

The study revealed that the precocity or not of the beginning of the rainy season 
especially after the emergence outside the mounds of seedlings of planted tubers, 
the distribution of precipitation during the vegetative cycle, the length of the 
rainy season, the heights of rainwater received during the rainy season, the dry 
season throughout its duration, the ambient temperature, the insolation as well 
as the harmattan are the main climatic factors listed by producers as those whose 
fluctuations affect production yams in Benin. Several authors such as Agossou et 
al. (2012) and Bello et al. (2017) in Benin; Ugwoke et al. (2012) in Nigeria,  
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Table 6. Linear multiple regression results and their statistical test showing the effect of 
climatic factors on yam yield in Benin. 

Variables 
Transition Northeast Northwest 

Coefficient Stand-dev. Coefficient Stand-dev. Coefficient Stand-dev. 

Constant 79.3285 6.0320 10.1009 0.4733 5.4629 0.1159 

ASI 0.0472*** 0.0079 −0.0074 0.0071 0.1883*** 0.0020 

Annual rain 0.0016** 0.0006 0.0012*** 0.0002 0.0006*** 0.0000 

April rain - - 0.0045*** 0.0007 0.0111*** 0.0001 

January rain - - −0.1186*** 0.0176 - - 

Annual average 
temperature 

- - - - - - 

January average 
temperature 

−0.3312*** 0.0654 - - - - 

Annual average 
humidity 

- -   −0.1207*** 0.0014 

Value of F 74.37 22.29 20,129.03 

Probability 0.0000 0.0000 0.0000 

R2 82.98% 73.38% 99.94% 

R2Ajusted 81.87% 69.71 99.93% 

**Correlation significative at α =0.01; ***Correlation significative at α = 0.001. 

 

MacCarthy and Vlek (2012) in Ghana and Bambara et al. (2013) in Burkina Faso 
have reached similar conclusions on peasant perceptions. According to Bambara 
et al. (2013), this perception of farmers in tropical regions can be justified by the 
fact that the climatic variables cited (Rainfall, temperature, insolation and the 
harmattan) have a direct influence on agricultural production in tropical Africa. 

The results of the study also showed that socio-linguistic groups have different 
perceptions according to sex and age. This results can be explained by the fact, 
the ability to perceive climate change increased with age and that among rural 
African communities, men perceive better climate change, probably due to the 
fact that they are the ones who practice agricultural production the most (Yabi 
and Afouda, 2012). 

In general, the results of the study reveal interannual fluctuations in the vari-
ous climatic parameters (temperature, rainfall, humidity, evapotranspiration) 
with an upward trend in temperatures, a regular decrease in rainfall, unpredicta-
ble changes in the he arrival of rains in the last 30 years as well as a succession of 
dry and wet periods in all of the three yam growing areas studied. Many authors 
have reached similar conclusions in Côte d’Ivoire (Yao N’Guettia et al., 2013), in 
Ghana (Srivastava et al., 2012) and in Togo (Badjana et al., 2014). 

Despite the increase and fluctuation of thermal climatic parameters, the cur-
rent daily temperatures in the study areas remain fairly close to the optimal 
temperatures (25˚C and 30˚C) defined by Shiwachi et al. (2002), Vaillant et al. 
(2005) and Marcos et al. (2009) for better germination and growth of yams. This 
means that the thermal values therefore correspond to the acceptable limits for 
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yams. These results show that the variability of temperatures in the study area 
does not significantly affect the production of yams in the transition zone and in 
the north of Benin. This observation corroborates the findings of Elijah et al. 
(2018) who showed that climate change has no significant effect on the produc-
tion of certain root and tuber plants in Cross River State in Nigeria. However, 
the months of December, January and February which correspond to the sowing 
or planting period of yams throughout the study area are characterized by daily 
maximum temperatures above 35˚C which can delay germination yams, pro-
mote rotting, proliferation of pests and affect the productivity of yams. Maxi-
mum daily temperatures from December to February may therefore, if the cur-
rent trend of rising temperatures continue, be detrimental either to the germina-
tion of tubers or to the harvest of late-cycle varieties which takes place between 
December and January. In order to adapt to its very high daily temperatures, 
farmers are, among other things, shifting the planting periods for yams, shifting 
production to wet areas (shallows and river beds), making clothes large mounds, 
deeper seed beds, mulching yam mounds after sowing likewise, the growing 
preference for yam varieties tolerant to extreme climatic conditions (Ayisounou, 
Baniouré, Sankounou, Sousounou, Klatchi, Agatou), the increase in planting 
density and the cultural association are among others strategies developed by 
yam producers to mitigate the negative effects of climate change. The study 
found that rainfall is the most crucial climatic parameter for determining the 
yield of yams in Benin. Similar results have also been obtained by Uger (2017). 
Since the average annual rainfall in the entire study area is more than 1000 mm, 
it appears sufficient for good yam production. However, the distribution of pre-
cipitation during the cycle is also decisive for obtaining good yields according to 
Cornet (2015). 

The results of the regression analysis of the effect of climatic parameters on 
the yield of yams also showed that the precipitation that sometimes appears in 
January in the Sudanian zone negatively affects the yield of yams. This can be 
explained by the fact that the rains that appear in January favor germination and 
the emergence of buds. However as soon as new buds emerge from the mounds 
in the middle of the dry season, the leaves dry out more quickly. 

6. Conclusion 

The results of this research show interannual fluctuations in climatic parameters 
(temperature, rainfall, humidity, evapotranspiration) in the main yam produc-
tion areas in Benin with a general rise in interannual temperature over time, a 
regular decrease in rainfall, unpredictable changes in the onset of the rains in the 
past 30 years as well as a succession of rainy, moderately rainy, moderately dry, 
very dry, and extremely dry years in the transition zones, in the Northeast and 
West Benin. However, the increase and fluctuation of thermal climatic parame-
ters, including temperature, has no significant effect on the production and yield 
of yams in Benin. Rainfall is the most crucial climatic parameter for determining 
the yield of yams in Benin. Throughout the study area, this annual rainfall re-
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mains greater than or equal to 1000 mm and appears sufficient for good yam 
production despite the distribution of precipitation during the yam vegetative 
cycle which is very decisive for obtaining better yield. 
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