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Abstract 

In Mali, like other developing countries, agropastoralists are particularly vulnerable to 

the effects of climate change. This study was conducted to examine the impacts of climate 

change on crop yields (sorghum and groundnut) and to assess the adaptability of 

agropastoralists to the impacts of climate change. To this end, an analysis of daily rainfall 

and temperature data covering 60years (1960 to 2020) from the Ségou, Sikasso and 

Bamako stations was carried out using Instat+ v3.36, Rstudio, XLSTAT and Rclimdex 

software. Four climate models were used for the climate projection, (GFDL-ESM4, INM-

CM4-8, INM-CM5-0 and NorESM2-MM) of phase 6 of the coupled model 

intercomparison project (CMIP6) under scenarios SSP2-4.5 and SSP5-8.5 of the annual 

rainfall, solar radiation and temperature for a period of 2021-2050 and 2070-2100 in the 

region of Ségou, Niono, Sikasso, Kolondieba and Bamako. MAKESENS was used for 

the realization of a linear model to estimate the magnitude of the trend in the time series. 

Field survey were conducted among 355 agropastoralists in three regions of Mali to 

assess the impacts and adaptation strategies of agropastoralists. The analysis of climate 

data shows a downward trend for rainfall. As for temperature, there was an upward trend 

in the series from 1960 to 202 at the station of Ségou, Sikasso and Bamako. 

Intercomparison of coupled models (CMIP6) under scenarios SSP2-4.5 and SSP5-8.5 of 

annual rainfall, solar radiation and temperature in the near future period 2021-2050 and 

far future 2070-2100 in the region of Ségou, Niono, Sikasso, Kolondieba and Bamako 

was conducted. According to the scenario SSP2-4.5 in the near future period 2021-2050 

an upward trend in average annual temperatures of 0.14°C for five localities of Mali 

(Ségou-Niono, Sikasso-Kolondieba and Bamako) compared to the scenario SSP5-8.5 

with an upward trend of 0.43°C. Scenario SSP5-8.5 in the far future period, 2070-2100 

revealed an upward trend in annual average temperatures of 0.27°C. On the other hand, 
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for the scenario SSP5-8.5 the upward trend is 0.58°C. Experimental tests were carried 

out on sorghum and groundnut crops during the 2021 agricultural campaign. Six varieties 

of sorghum CSM63E, CSM388, DT-15, KIT19, Tiandougou-Coura and Soubatimi and 

two varieties of groundnut (ALLASSON Fleur 11 and ICVG 26024) were studied. The 

DSSAT Model was used to calibrate and simulate crops yields and also determine crop 

growth of the six sorghum varieties studied. The calibration has been carried out to 

determine the genetic coefficients of these four based on the results obtained from the 

experiments. The climate projection of crop yields from 2015-2099 in the different 

regions of Mali for a spatial model was evaluated. It indicates a low tops weight simulated 

yield with an average of 9761kg/ha and 17% coefficient of variation for five varieties 

(CSM388, DT15, KIT19, Soubatimi and Tiandougou-coura). As for CSM63E gave a 

better tops weight of 10141kg/ha with 17.20% coefficient of variation. As for grain yield 

shows a higher yield of 3449 kg/ha for fives varieties (CSM388, DT15, KIT19, Soubatimi 

and Tiandougou-coura) with 18% coefficient of variation unlike CSM63E which has the 

lowest yield 1694kg/ha with 10%.  
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CHAPTER ONE 

1.0       INTRODUCTION 

1.1 Background 

Climate change is expected to influence severely every country in the world, due 

to an increase in greenhouse gases, the cause of climate warming, the combustion of oil, 

gas and coal, whether to generate electricity or heat, or for industrial use (Erwin, 2009). 

Many scientists have noted that in the next century the earth’s temperature will increase 

by several degrees due to the increase in the greenhouse gas concentration in the 

atmosphere (Res et al., 1996). In a complex manner climate change will affect agriculture, 

food production and availability. It can also affect directly by changes in agroecological 

conditions and by affecting indirectly production system, distribution of incomes and 

growth. 

The various effects of that are frost-free season (and growing season) will lengthen, 

changes in precipitation patterns, more droughts and heat waves until we find a new 

balance. However climate change is positively expected to be a driving factor of 

migration in the future, because of displacement due to extreme weather events and sea-

level rise, and/or deteriorating agricultural productivity (IPCC, 2007a). These impacts 

will include changes in the productivity of rainfed crops and forage, reduced water 

availability and more widespread water shortages, and changing severity and distribution 

of important human, livestock and crop diseases. Major changes can thus be anticipated 

in livestock systems, related to livestock species mixes, crops grown, and feed resources 

and feeding strategies (Harvell et al., 2002). Climate change may bring about substantial 

shifts in disease distribution.  Higher temperatures may increase the rate of development 

of pathogens or parasites that spend some of their life cycle outside their animal host, 
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which may lead to larger populations (Harvell et al., 2002). There is increasing evidence 

that climate change will strongly affect the African continent and will be one of the 

challenging issues for future development, particularly in the Sahelian regions.  

In sub-Saharan Africa, households are seriously dependent on their natural resource 

base to provide food and income for the family, and the availability of such resources is 

reliant on favourable seasonal weather conditions (Debela et al., 2015). Climatically more 

variable regions of sub-Saharan Africa, where dryland farming systems are common, rely 

heavily on rains only (rainfed farming systems).  Food is one of society's key sensitivities 

to climate. A year of not enough or too much rainfall, a hot spell or cold snap at the wrong 

time, or extremes, like flooding and storms, can have a significant effect on local crop 

yields and livestock production (Altieri and Koohafkan, 2008). Modern farming 

technologies and techniques have helped to reduce this vulnerability and boost 

production (Slingo et al., 2005). 

Several studies concluded that the poorest countries would be hardest hit, with 

reductions in crop yields in most tropical and subtropical regions due to reduced water 

availability, and new or altered insect pest incidence (Nath and Behera, 2011; 

Suryavanshi et al., 2012; Shivanna, 2022). In Africa and Latin America many rainfed 

crops are near their maximum temperature tolerance, so that yields are likely to fall 

suddenly for even small climate changes. A reduction in agricultural productivity of up 

to 30% for the 21st century is projected (Gornall, et al., 2010) and the fishing industry 

will also be severely affected in some places. Climate change induced by increasing 

greenhouse gases is likely to affect crops differently from region to region. 

 According the Fourth Report of the Intergovernmental Panel on Climate Change 

(IPCC, 2007b), the impacts of climate change are particularly severe and even drastic for 

African countries, which mostly are developing countries, where poor communities are 
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highly dependent on the direct use of local natural resources, and where widespread 

poverty limits the capacity to cope with climate variability and natural disasters (St.Clair  

and Lynch, 2010). Climate variability is important in a context of vulnerability due to the 

many risk factors. In addition, it has often been found that the African continent is 

particularly vulnerable to the impacts of climate change due to widespread poverty, 

periodic droughts, uneven land distribution and heavy dependence on rainfed agriculture 

(Descheemaeker et al., 2018). Under its current climate, Africa is already facing recurrent 

food crises and water scarcity which are exacerbated by rapid population growth. Climate 

change will thus act as an additional stress in the future of African economies and 

livelihood (Appleyard, 1985). Africa with the lowest global greenhouse gas emission rate 

(4%) is portrayed as the continent most vulnerable to future climate shocks or climate 

extremes that are reflected in the devastating effects of droughts and increasingly severe 

flooding. The IPCC report shows many aspects of this vulnerability (IPCC, 2007c). First 

of all, agriculture is a major sector for the continent, and it is even the sector most 

sensitive to climatic hazards, when we see the distribution of rainfall, or major crops such 

as corn, consumed a just about everywhere, or wheat in northern Africa. The yields of 

these crops drop significantly, despite the fact that research is constantly working to 

develop more resilient varieties. Since 1960 agricultural yields have fallen significantly 

(Totin et al., 2020). 

Mali is currently experiencing rapid population growth. The Population Reference 

Bureau estimates that by 2050 the population of Mali which is currently 18.9 million will 

reach about 45 million (Walker, 2016). The impacts of this population growth will be felt 

in fertile lands and in regions that are rich in resources. Especially, in the south of Mali 

such as Sikasso which is the most populated region. A growing population requires 

equitable use and management of natural resources to meet subsistence and food security 
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needs (Rüttinger et al., 2015). However, Mali is extensively perceived to increase the 

inter-annual variability of the rainy season as climate change becomes increasingly 

unpredictable, having a probability of increased season variability, with an increase in 

the number of drought periods during the rainy season and also an increase in temperature 

which persists in the country. Indeed, the country is confronted by various climatic 

phenomena and livelihoods threatened by drought that aggravates the loss of agricultural 

production or lower yield. Conflicts between ranchers and farmers and the impact of 

climate change are among the main problems facing the agricultural sector (Mertz et al., 

2009). 

 In Mali, agricultural production is based mainly on rainfall, and therefore very 

sensitive to climate change. Climate change will certainly have a significant impact on 

this production sector by causing changes in crop yields, water availability, pests and 

diseases, livestock health and other biophysical factor. As a consequence, changes in 

agricultural productivity will have a dominant effect on production incomes and on food 

security in general. This is by modifying agricultural production and reducing access to 

growing and grazing areas, which leads to increased food insecurity. While not directly 

related to climate change, this example, combined with previous droughts, illustrates how 

climate change can affect people’s livelihoods and food security (Mitra, 2017). 

Mali, a vast continental country, is very vulnerable to climate variability and change, as 

are other Sahelian countries. Developing countries, such as Mali, are particularly at risk 

because of their low incomes, low human capital, and economic vulnerability. In Mali, 

natural resources are shrinking due to multiple pressures related to human activities and 

natural factors such as climate hazards. According to AEDD (2011), the main climate 

challenges facing the country include droughts, floods, strong winds, high temperature 

variations. Climate change threatens the primary sector (agriculture, ranching, poaching 
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and fishing) and forestry, all of which are leading sectors for the country’s economy. 

Health, water resources, infrastructure, and industry and mining are also exposed to 

climate change (AEDD, 2011). Nonetheless, the country’s fragility, its dependence on 

climate-sensitive sectors such as agriculture, livestock, its history of conflicts for resource 

use between farmers and pastoralists, and its low levels of development makes it highly 

vulnerable to climate change and variability.  

In Mali, agriculture and pastoral activities occupy 80% of the population. 

Notwithstanding, only a quarter of the country receives enough rain to support extensive 

farming and there are only 2% of the land that is favourable to intensive farming (USAID, 

2016). In Mali, as in most developing countries, agro-pasture is particularly affected by 

the effects of climate change. Despite the important role agriculture and livestock play in 

the economy and the maintenance of livelihoods, these sectors now face many challenges, 

including those posed by climate change. Indeed, Africa is one of the regions considered 

to be most vulnerable to the effects of climate change because of its high dependence on 

natural resources and its limited capacity to cope with climate variability and extreme 

weather phenomena (IPCC, 2014).  

The climate change scenarios foresee not only a continuation of warming, but also an 

increase in climate extremes, in particular drought phenomena, although uncertainties 

remain on the results of the rainfall projections in West Africa and the Sahel (IPCC, 

2007b). The impacts of these phenomena on the agricultural and livestock systems of the 

continent, and in particular in its Sahel portion of the  Sahara, has already been felt since 

the droughts of the 1970 with the consequent reduction in the quality of agricultural 

production, feed and feed resources, as well as increased livestock disease and low 

productivity in Sahel countries such as Mali (PANA, 2006). Agriculture and livestock in 

this country are the main activities and employ almost 87% of the working population, 
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and their contribution to the constitution of Gross Domestic Product (GDP) is very 

important. Although these sectors remain vulnerable, the impacts of climate change on 

the livelihoods of agro-pastoralists (Debela et al., 2015), particularly those where drought 

leads to famine and poverty, are not yet well understood mainly because of the multitude 

of factors contributing to agro-pastoral poverty (Debela, 2017).  

In the face of unprecedented socio-environmental changes, risk and threat to climate 

effects, Sahelian agro-pastoralists react with transhumance which  is one of the ways to 

adapt to the high climate variability and the threat of drought that the Sahel has practiced 

for more than 50 year in an economic context, social and political that is more mobile 

(Kampmann and Kirui, 2021).  Indeed, scientific study has shown that between 1950 and 

2010, population growth can deteriorate ecosystems with the climatic conditions that 

pose a great challenge to the Sahelian rural world, especially on the readiness to meet 

food needs (Balehegn, 2015).  

The growing need for arable land is realized through an increase and a grabbing of land 

formerly devoted to livestock. Such a situation makes it possible to better understand the 

reasons for the conflict between crop farmers and livestock keepers due to the use of 

space and resources which are perceived to belong to both groups object (Gonin, 2016). 

The conditions of vulnerability create an ongoing difficult situation for ago-pastors, a 

situation that cannot be mastered without efficient external support and without their firm 

commitment to sustainable local development. The purpose of this study is to provide 

guidance on key issues highlighting challenges. In order to learn more about the reality 

of climate change in agro-pastoral environments, there is a need to find impact of climate 

change on agro-pasture as well as adaptation strategies in Mali. 
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1.2 Aim of Research  

The aim of this research study is to examine the impacts of climate change on the yield 

of Sorghum and Groundnut and assess the adaptability of agro-pasture to the climate 

change impacts. 

The specific objectives are: 

(i) examine the impact of climate change on agro-pastoral activities in Mali 

(ii) evaluate the potential impacts of climate change on the yield of crops with 

emphasis on sorghum and groundnut and 

(iii) assess the vulnerability of agro-pastoralists to the climate change. 

1.3 Problems and justification of Study 

Sub-Saharan Africa is particularly vulnerable to climate change as it already suffers 

from high temperatures, unpredictable rainfall and higher ecological pressures worse than 

other continents (IPCC, 2014a). Africa also shares with other developing countries a 

particular vulnerability to climate change due to geographical exposure, low incomes and 

increased dependence on climate-sensitive sectors such as agriculture, the livestock 

keeping and fishing. Climate change will have a very large impact on animal production 

because of its impact on livestock feed and productivity. Higher temperatures and lower 

precipitation lead to lower crop and rangeland yields and contribute to the degradation of 

rangeland. Higher temperatures also reduce the amount ingested by animals and lower 

feed conversion rates (Walker and Rowlinson, 2007). Decreased rainfall and increased 

frequency of droughts lead to lower primary productivity of rangelands, risk over grazing 

and soil degradation; aggravation of food insecurity and conflicts of access to scarce 

resources (Rowlinson et al., 2008). The period of plant growth is shortening on many 

pastures, especially in sub-Saharan Africa. Climate change plays a significant role in the 
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spread of vector-borne diseases and animal parasites, which will have a more serious 

impact on the most vulnerable men and women in the livestock sector (Escarcha et al., 

2018). 

According to DeFries et al., (2015) all plant species will experience metabolic and 

physiological changes due to climate change, but these effects will differ by species. For 

these researchers, precipitation and average temperatures exert a considerable influence 

on the type of ecosystem that can develop in a given area. Any change in these variables 

will lead to changes in ecosystems, their composition (flora and fauna) and their ability 

to adapt to new conditions. The impacts of climate change are increasingly felt on 

agriculture in developing countries. Most of these impacts are attributed to increased 

temperature and precipitation variability. Although agriculture has shown, throughout 

history, a great ability to adapt to changing conditions, with or without a conscious 

response from farmers, the current changes have exceeded the autonomous limits of 

adaptation, and requires supportive policies to enable farmers to cope with these changes 

(Iglesias et al., 2007). 

Faced with all these challenges, the objectives of the study are relevant, namely the 

impacts of climate change on crop yields (sorghum and groundnut) using the DSSAT 

model and also the analysis of the adaptability of agro-pasture. 

1.4 Justification for choice of crop 

Mali's economy is primarily based on agriculture and agropastoralism. Agriculture 

accounts for more than 35 percent of Gross Domestic Product (GDP) and 80 percent of 

livelihoods (FAO, 2017). The country’s adverse climatic conditions, along with its 

political and institutional instability, threaten key sectors of agriculture and health. Mali 

consists of two main regions (North and South), each with different conditions for 
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agricultural production. The North is the region most challenged by drought, 

desertification and population migration (FAO, 2017). 

Sorghum and millet are strategic crops for food security in much of the Sahel. About half 

of the farming population grow sorghum and millet crops, which together account for 5-

7 percent of all full-time jobs in the country. Sorghum and millet contribute 5 percent to 

the gross domestic product and account for about 15 percent of consumption shares (in 

monetary terms) in Mali. These crops are highly adapted to the low rainfall and light soil 

types that prevail in the Sahel (Kaminski and Elbehri, 2013).  

Sorghum is a highly reliable crop that grows well in hot, dry environments. It is "climate 

change-ready", and provides food security and income for millions of poor farmers living 

in such locations. Five hundred (500) million people rely on sorghum as a dietary staple 

food ( Proietti et al., 2015; ICRISAT, 2020; Khoddami et al., 2021). Sorghum is also a 

source of feed and fodder for livestock, and enables smallholders to diversify into more 

lucrative crop/livestock systems. While sorghum is valued primarily as a staple food that 

provides a critical source of calories, it also serves as a good source of protein, fibre and 

important micronutrients, especially for growing children. 

Africa is the second largest groundnut producing continent accounting for about 

40% and 31% of the global area and production, respectively. West and Central Africa 

region accounts for more than 70% of the groundnut production in Africa where the crop 

is cultivated by smallholder farmers. Groundnut is a major cash crop for many households 

(ICRISAT, 2020 b).  

The groundnut stems are used as fodder for animals. It is currently grown on about 21.8 

million hectares worldwide. Global annual production totalled 38.6 million tons, 95 

percent of which occurred in developing countries (FAO, 2011). In West Africa, although 

Nigeria and Senegal are the largest producers of groundnut, Mali and Niger are also 
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important producers. In Mali groundnut is grown on 0.29 million ha with an average 

production and productivity of 0.26 million tonnes/ha and 880 kg/ha, respectively (FAO 

et al., 2012). 

1.5 Limitations/Scope of the research work 

A number of limitations are considered in this research, insecurity, in particular jihadism 

activities in the Republic of Mali in order to reach as many localities as possible in the 

context of surveys of agropastoralists. The socio-political situation in Mali as well as the 

Economic Community of West African States (ECOWAS) and West African Economic 

and Monetary Union (UEMOA) sanctions have impacted the flow of financial 

movement. 
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         CHAPTER TWO 

2.0       LITERATURE REVIEW 

The United Nations Framework Convention on Climate Change (UNFCCC, 1992a), 

in its Article 1, defined climate change as: “climate changes that are attributed directly or 

indirectly to human activity altering the composition of the global atmosphere and that 

are in addition to the natural variability of climate observed for comparable periods”. 

IPCC argued that climate change refers to any change in the climate for time, whether 

due to natural variability or human activities. Sall et al., (2011) found that climate change 

is one of the biggest concerns in the world. Human activities have contributed 

significantly to the increase in the concentration of greenhouse gases in the atmosphere, 

thereby altering the planet’s ecological balance as Figure 2.1 illustrates.  Lobell and 

Schenker (2011) showed that climate change will reduce global agricultural yields by 2% 

per decade during the 21st century, while global demand will increase by 14% per decade 

during the same period until 2050. The same authors stated that climate change is already 

having a significant impact on agriculture, and livestock production is still expected to 

have a direct and indirect impact on food production.  
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Today, it is almost impossible to avoid the consequences of climate change that 

risk increasing the vulnerability of the world’s populations, especially those of the Sahel 

countries demonstrated by (IPCC, 2014b). This transition zone, between the Saharan 

domain in the north and the savannahs of the Sudanese domain, is one of the most fragile 

regions of the world in the face of the effects of climate change. O’Meagher (2005) argues 

that short-term natural extremes such as storms and floods, interannual and decadal 

climate variations as well as large-scale circulation changes such as the El Nino Southern 

Oscillation all have important effects on crop, pasture, and forest production. For 

example, El Nino-like conditions increase the probability of farm incomes falling below 

their long-term median by 75% across most of Australia’s cropping regions, with 

negative impacts on gross domestic product ranging from 0.75% to 1.6%. However, the 

survival of Sahelian communities depends, for the most part, on the exploitation of 

natural resources, particularly through agriculture and livestock farming, which are 

subject to climate fluctuations that are difficult to predict. In such conditions, it is 

expected that rainfed crop production will become increasingly risky and farmers will 

shift to livestock keeping. This trend is likely to be reinforced by the increasing demand 

for livestock products in the region as stated by Gitz et al., (2016). However, 

notwithstanding the importance of the sector, livestock has received very little attention 

in regional policy documents aimed at climate adaptation as indicated by (Escarcha et al., 

2018).  

The agriculture and livestock sector are a dominant part of the economy in most 

African countries and provides the majority of jobs and livelihoods. Therefore, there is 

an urgent need to develop new strategies to improve agricultural productivity (NEPAD, 

2013). Consequently, its impacts must be systematically integrated into policies. IPCC 

(2007a) declared that developing countries are particularly vulnerable as their economies 
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are generally more dependent on climate-sensitive natural resources and also because 

they are less able to cope with the impacts of climate change.  

Pricope et al., (2013) proved that yields from Africa’s rainfed agriculture could decrease 

by as much as 50% in the next 30 to 35 years. These decreases in yields will largely be 

driven by droughts especially in the already dry and hot regions such as Africa and the 

Sahel. However, effective adaptation efforts might reduce the magnitude of the impact 

(Pricope et al., 2013). These climate disruptions increase the vulnerability of strategic 

sectors and create new challenges for the African economy. As a result, it is estimated 

that by 2100, West Africa will suffer the highest agricultural losses in the world (between 

2 and 4% of its GDP) with 75% of the African population potentially exposed to hunger 

(FAO, 2010).  

UNDP-UNEP, (2011) demonstrated that climate change will exacerbate many current 

environmental risks and introduce others that will interact. For example, the effects of 

extreme weather events will be exacerbated by higher ground temperatures, reducing the 

ability of crops to cope with water stress. The yield of the main crops currently under 

cultivation (wheat, rice, maize) are expected to fall, particularly in tropical and temperate 

regions as demonstrated in Figure 2.2. Eitzinger et al., (2017) argue that climate change 

may gradually increase inter-annual variability in crop yields. This may lead to higher 

commodity prices, because annual agricultural commodity requirements are increasing. 

FAO, (2019) indicated that climate change along with population growth, poverty 

alleviation, environmental degradation and global food insecurity is one of the defining 

challenges of the 21st century. Several studies show the potential impacts of climate 

change on agriculture that may add significant challenges of ensuring food security and 

reaching global development goal (Sultan and Gaetani, 2016). 
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The quantity and quality of products, the sustainability of production and the natural 

resource base on which livestock production depends can be affected by climate change 

climate is an important determinant of agricultural productivity. Sejian et al., (2013) 

opined that climate change is expected to have a significant impact on livestock 

production systems. In addition, global demand for animal protein will increase as 

populations become more affluent and diets change as illustrated by Figure 2.3. As a 

result, livestock production plays and will continue to play a key role in the food supply 

chain. While growing demand creates opportunities and income for small, marginal and 

landless farmers, the negative environmental impacts of livestock production, including 

greenhouse gas emissions, are increasing globally (Godde et al., 2021).  
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Figure 2.2 Impacts of climate change on crop yields (which lead to drought and flood) 

(Aderibigbe, 2018) (10 march 2023) 
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Figure 2.3. Impacts of climate change on animals  

(Anyadike, 2017; Mazumdar, 2020) (10march 2023) 
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Changing climate variability may have critical effects on food security; in 

addition to impacts on food availability. Variability may strongly affect the stability of 

food supplies and vulnerable people’s ability to access food at affordable prices 

(Schmidhuber and Tubiello, 2016).  

Hopkins and Del Prado, (2007) showed that climate change can be expected to have 

several impacts on feed and grazing including; changes in herbage growth, changes in 

composition of pastures and herbage quality. Thornton et al., (2009) found that this may 

modify animal diets and compromise the ability of smallholders to manage feed deficits. 

Descheemaeker et al., (2018) showed that soil fertility management adaptation package 

increased the number of animal and caused a small increase in livestock productivity. 

The inclusion of grain and forage legumes with the crop diversification package increased 

milk productivity and net revenues more profoundly by 30%. This was attributed to the 

alleviation of dry-season feed gaps, which also reduced the sensitivity to climate change 

compared to the current system. 

The development of new crop varieties including types, cultivars and hybrids, has 

the potential to provide crop choices that are better suited to temperature, moisture and 

other conditions associated with climate change. This involves the development of plant 

varieties that are more tolerant to climatic conditions such as heat or drought through 

conventional breeding and genetic engineering.  

The Zai technique is a water harvesting method where plants are planted in small man-

made depressions that stores water. The Zai technique, a traditional land rehabilitation 

technique in Burkina Faso, has the potential to rehabilitate degraded drylands effectively 

and to restore soil fertility to the benefit of farmers living in drylands. As illustrated in 

Figure 2.4 .small pits 20-30cm in diameter and 10-20cm deep are dug into degraded soils, 

often hardpans (Balehegn, 2015). At the bottom of the pit farmers place about two 
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handfuls of organic material (animal dung or crop residues). Pearl millet or sorghum 

seeds are planted in these pits as soon as rainfall starts. 

Taonda et al., (2003) proved that water harvesting alone with stone bunds did not improve 

yields but the combination of water harvesting with stone bunds or Zai technique plus 

manure doubled sorghum yields than when compared to the control. Similarly, Zougmoré 

et al., (2003) showed that combining Zai technique with phosphorus fertilizer  

significantly increased sorghum yield compared to Zai without fertilizer or manure and 

therefore, can reduce risks of crop failure in erratic rainfall year.  

 Ike (1986) and Lal (1989) showed that conservation tillage is a viable practice for 

soils of the humid and sub-humid areas of Africa. Naab et al., (2012) argue that 

experiments in the sub-humid and humid tropics of Africa have demonstrated the 

potential for no tillage systems to maintain higher soil carbon levels compared to 

conventional cultivation. Conant and Paustian, (2002) estimated that much of the land in 

Africa in degraded categories is savannah and grassland, reflecting the role of livestock 

and grazing in land degradation processes. Vågen et al., (2005) stated that restoration of 

degraded soils is a development strategy to reduce desertification, soil erosion and 

environmental degradation, and alleviate chronic food shortages with great potential in 

sub-Saharan Africa. Porter and Semenov, (2005) found that climate variability and 

extreme events can also be important for yield quality. Protein content of wheat grain has 

been shown to respond to changes in the mean and variability of temperature and rainfall. 
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UNFCCC study identified two strategies to address climate change, namely mitigation 

and adaptation. Adaptation has become increasingly important in addressing climate 

change and a crucial strategy to combat poverty. Adaptation to climate change refers to 

adjustments in natural and human systems in response to current or expected climate 

change stimuli or effects (UNFCCC, 1992b).These adjustments hinder, hinder or manage 

to take advantage of the opportunities created. In the context of development there is a 

need to focus more on planned adaptation as local efforts are no longer sufficient with 

the impact of climate variability. Climatic conditions have a determining influence on 

natural ecosystems and human societies (Vries et al., 2014; Sintayehu, 2018). As far as 

natural environments are concerned, climate is one of the main factors influencing the 

distribution and abundance of the number of different plant and animal species (Clarke 

and Gaston, 2006; Yilmaz et al., 2017). The climate is also the basis of several socio-

economic activities and contributes to the cultural identity of peoples, the yield and the 

yield of livestock and crops (Negash and Niehof, 2004; Koohafkan and Altieri, 2011). 

The increase in average temperatures can lead to a greater abundance pest of crops, 

modify their distribution. Changes in water regimes, which will affect water levels and 

quality, are likely to increase water use conflicts for domestic and agricultural purposes 

(Mafie, 2022; Shrestha, 2019). An increase in extreme weather events could amplify land 

erosion and lead to a reduction in soil quality and its agronomic potential. In light of 

current climatic conditions and future projections, the search for policies to support agro-

pastoral systems to adapt to climate change is required. This research work will integrate 

agricultural and livestock adaptation measures to ensure food security and prevent the 

risks of food crises in the short and medium term.  
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       CHAPTER THREE 

3.0   MATERIALS AND METHODS 

The methodology focused on primary data collection to secondary data collection. 

Secondary data is information that has already been collected for a different purpose than 

the study being conducted and is available for a second use. 

3.1 Methodology of literature review for secondary data  

A review of the literature was carried out through an analysis of theoretical approaches, 

case studies and study reports, various manuals and internet sites (cf. bibliography). 

Objective 1 methodology: Examine the impact of climate change on agro-pastoral 

activities in Mali. 

For the statistical analyses, Instat+ version 3.36 software was used. The software 

was used to organize the data and make agro-climatic analyzes of trends, risks, climatic 

extremes, statistical calculations and graphical representations. 

The XLSTAT software was also used to perform rainfall and temperature rupture tests. 

The Excel spreadsheet was used for the entry, processing and analysis of the figures and 

the production of figures and graphs. 

The meteorological data collected was used for the various analyses of the agro-climatic 

parameters. 

The analyses were used to characterize and understand various climatic processes related 

to weather and to follow the fluctuations of meteorological elements for the long term. 

The analyses were carried out on: 
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- the precipitation anomaly and the trend of rainfall accumulations, as these play an 

important role in local agricultural and pastoral production, but also in the 

productivity of resources exploited by agropastoralists; 

- the trend of the duration of the rainy seasons, the number of rainy days and the 

dry sequences in order to analyse the impact of climate change on 

agropastoralists; 

- the calculation of the length of the rainy seasons through the start and end dates 

of the rainy season; 

- the trend of maximum and minimum temperatures in order to assess local 

warming and deduce their impacts on the activities of agropastoralists with the 

software. 

3.2 Standard anomaly analysis method (Lamb indices) 

The study of climate variability and change was approached by the calculation of 

Lamb index which made it possible to identify the major trends in the time series (Salvati 

et al., 2019). It is calculated using the weighted moving average method. To better 

observe the periods of deficit and surplus at the interannual scale, the calculated moving 

averages have been centered and reduced using the standardized formula, defined as a 

reduced centered variable and which is the ratio of the deviations from the mean for the 

standard deviation. 

To determine the surplus or deficit periods compared to the 1961-1990 normal, the Lamb 

index was used (Lamb, 1983). 

𝐈 =
𝐗𝐢−𝐗

𝛔
                         3-1 



24 

 

Where I is the standardized anomaly (Lamb index), Xi is the variable studied for the 

weather or rainfall of the year (i), X̅ is the average of the reference period considered or 

average of interannual rainfall, σ is the standard deviation of the reference period or the 

interannual rainfall for the reference period. 

3.2.1 Criteria method for agro-climatic parameters 

3.2.1.1 Start and End dates of the rainy season 

The criteria used to calculate the start date of the season are the rains are 

considered satisfied when a rain of at least 20 mm has been recorded from May 1 in one 

or two consecutive days without a dry episode more than 10 days is observed within 30 

days of (Sivakumar, 1988, 1993). 

For the end date of the rainy season, the criteria are based on the water balance. 

The rainy season is considered  to end, from September 1 when the soil water reserve is 

depleted by daily evapotranspiration of 5 mm and becomes constantly less than or equal 

to 0.05 mm. (Landry et al., 2017). 

3.2.1.2 Length of the season 

Regarding the length of the season, it corresponds to the difference between the end date 

and the start date of the season at a given station (Balme, 2005; Ozer, 2007). 

3.2.1.3 Mann Kendall trend test 

Seasonal drought is when there is an episode of dry spells lasting more than 10 or 15 days 

which occur during the critical phases of plant development (during the vegetative or 

reproductive period). Drought also corresponds to the longest number of consecutive 

days without rain observed during the season or for part of the season towards the 

beginning, in the middle or towards the end of the seasons (Douguedroit, 1980, 1990). 
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For this purpose, a day is considered rainy when the rain collected on this day is greater 

than or equal to 0.85 mm. 

The Mann Kendall test of the non-parametric type; it makes it possible to measure 

the degree of significance of the trend observed in the series (Lawin et al 2011). For its 

implementation, one calculates for each term Xi of the series of n terms, the number Mi 

of preceding terms which are lower than it. The statistic dn is called degree of sequence 

given by equation (3.2) is the sum of the numbers thus calculated. 

𝐝𝐧 = ∑ 𝐌𝐢𝐧
𝟏                          3-2 

For a large enough number n of year of observations, dn follows a normal distribution 

(null hypothesis of no trend) with an expected value of the mean given by equation (3.2) 

and (3.3) a variance given by the equation. 

 

𝐄(𝐝𝐧) =
𝐧(𝐧−𝟏)

𝟒
                              3-3 

𝐕𝐚𝐫(𝐝𝐧) =
𝐧(𝐧−𝟏) 𝟐(𝐧+𝟓)

𝟕𝟐
  3-4 

The null hypothesis is rejected if for a large number of U(dn). The critical value of U(dn) 

is given by the probability table of a reduced Gauss law (Langdon, 1992), the null 

hypothesis is accepted or rejected. The difference between the means of two series will 

be significant at the 5% risk if U is greater than 1.96 and highly significant at the 1% risk 

if U is greater than 2.57. If so, it means that there is a significant increase for U(dn)>0 or 

a significant decrease for U(dn)<0 in the data series U(dn) is given by proposed by 

Goossens and Berge, (1987). 

The dm value will be compared to E(dn) by the statistic: 
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𝑼(𝒅𝒏) =  
(𝒅𝒏−𝑬(𝒅𝒏))

√𝑽𝒂𝒓(𝒅𝒏)
              3-5 

The null hypothesis is rejected at the threshold of α = 5%, if U(dn) exceeds the critical 

value 1.96. If this is the case, it means that there is a significant increase for U(dn) > 0 or 

a significant decrease for U(dn) < 0 in the data series. 

This trend is highly significant if U(dn) exceeds the critical value 2.57 at the threshold of 

α =1%. 

 

3.2.1.4 Rupture analysis method 

We determined the break year for the climatic (rainfall and temperature) and agro-

climatic (beginning and length of the season) parameters using statistical tests. 

The rupture tests have made it possible to identify the pivotal year of climate change. 

They supplement the calculations of climatic indices. The existence of sudden changes 

in the climatic series is a possible cause of the heterogeneity of the series (Steinberg et 

al., 2005; Kouassy et al., 2016). These break tests are based on the Bayesian method of 

Lee and Heghinian, Pettitt and Hubert segmentation. Their application is carried out using 

the KhronoStat 1.01 software developed by the French Institute of Research for 

Development (IRD). 

The Lee and Heghinian and Pettitt tests detect a maximum break while the Hubert 

segmentation detect several breaks if they exist in a time series of data (Chargui et al., 

2018; Bougara et al., 2020). 

 

3.2.1.5 The method of determining the break year in the time series 

To check the relevance of the trend observed in the evolution of a time series, two 

tests are used: The non-change in the pace (homogeneity) of the series apply the non-
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parametric test of Pettitt (1979). This test makes it possible to apprehend the breaking 

points in the pace of a series in order to classify it into sub-series. The Pettitt rupture 

detection test whose null hypothesis consists of the instability in the equality of the means 

of two sub-series from the series ( Demarree, 1990; Coops, 1992; Mallakpour and 

Villarini, 2016). The XLSTAT software was used for the Pettitt test. 

 

3.2.1.6 Methodology used for Climate Projection 

For the future projection, four climate models were used (GFDL-ESM4, INM-

CM4-8, INM-CM5-0 and NorESM2-MM) from the Coupled Model Intercomparison 

Project Phase 6 (CMIP6) to calculate the averages of different variables (precipitation, 

solar radiation and temperature) in order to avoid errors in the results. In addition, a 

random choice affected in order to perform future climate projection in the area of 

Sikasso, Kolondieba, Ségou, Niono and Bamako. The variability and the future climatic 

trend were determined on the different climatic parameters such as rainfall, temperature 

and solar radiation. Annual rainfall, temperature and solar radiation data from 2021 to 

2100 have been uploaded to the Center for Environmental Data Analysis (CEDA) archive 

site of CMIP6 which is part of NERC's Environmental Data Service (EDS) a network of 

data centers forcing all aspects of environmental science  

(https://data.ceda.ac.uk/badc/cmip6/data/CMIP6/ScenarioMIP). 

The Coupled Model Intercomparison Project (CMIP6) models under Shared 

Socioeconomic Pathways (SSPs) scenarios (SSP24.5 and SSP58.5) which represent 

respectively moderate and high emission scenarios were used to project future climate 

change. The comparison of two scenario models was made on each variable in relation 

to the amount of rainfall, the degree of temperature as well as solar radiation. These three 

variables are important to use in the context of studies on the activities of agropastoralists. 

https://data.ceda.ac.uk/badc/cmip6/data/CMIP6/ScenarioMIP
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The choice of the CMIP6 model under scenarios (SSP2-4.5 and SSP5-8.5) is to 

better understand past, present and future climate changes resulting from natural, 

unforced variability or in response to changes in radiative forcing in a multi-model 

context. That SSP scenarios predict how climate will change in response to socio-

economic indicators such as population, economy, land use and energy changes. 

However, SSP2-4.5 and SSP5-8.5 might be the best choice since the climate signal is the 

strongest in these emission scenarios. 

MAKESENS was used to calculate the annual trend statistics. MAKESENS 

performs two types of statistical analysis. First, the presence of a monotonically 

increasing or decreasing trend is tested with the nonparametric Mann-Kendall test and 

the slope of a linear trend is estimated with the nonparametric Sen method (Çiçek and 

Duman, 2015; Thenmozhi and Kottiswaran, 2016; Rahman et al., 2017). 

Sen's slope method was used for a linear model to estimate the magnitude of the trend in 

the time series. 

 

3.3 Impacts of climate change on crop yields in Mali 

Objective 2 methodology: Evaluate the potential impacts of climate change on crop 

yields (sorghum and groundnut) in Mali; 

Two types of work were carried out within the framework of this objective: namely the 

conduct of an experiment on the cultivation of sorghum and groundnut and the use of 

DSSAT. Six varieties of sorghum and two varieties of groundnut were used to conduct 

the experiment. 

As part of this scientific research, daily rainfall and temperature data (maximum, 

minimum) from the localities of Bamako, Ségou and Sikasso in Mali were used, for a 
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period from 1960 to 2021. The data were collected from the National Meteorological 

Directorate of Mali and from the Sotuba station at the Institute of Rural Economy. 

Work on experimental trials was conducted in the field on sorghum and groundnut crops 

within the Sotuba Research Center. The collection of 11 soil samples was done to carry 

out analyses at the Soil-Water-Plant Laboratory of the IER to determine the 

characteristics of the soil. Soil sample in each replicate was made up from sampling along 

the diagonals at one level of depth (0-20 cm) to determine the physical characteristics: 

Percentage of sand, silt and clay; the chemical characteristics: pH water, pH KCl, total 

nitrogen in %(w/w), assimilable phosphorus, K. Ca (meq/100g) and Mg (meq/100g), 

CEC, C/N ratio and organic matter content. 

3.2.2 Methodology used for sorghum experiment 

The purpose of the experiment was to study the impacts of climate change on the yield 

of sorghum and groundnuts. 

3.2.2.1 Sorghum experimental processes 

The experimental design was Fisher blocks in four replicates giving a total of 24 

plots for each block. A total of two blocks were installed containing a total of 48 plots, 

which were sown on two different dates (Table 3:1). A lag of 15 days was observed 

between sowing. The total area of the blocks was 1404 m² or 702 m² per block for 27 m 

in length and 26 m in width. The elementary plots were made up of six lines with each 

line being was 5m in length, 0.35m in diameter and 0.25m in height. The spacing between 

the pockets was 0.30m and between the lines, 0.75m. The distance between repetitions 

was 1m (Figure 3.2). 
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3.2.2.2 Selection criteria 

The selection criteria for the 6 different varieties (CSM63E, CSM388, DT15, KIT19, 

Soubatimi and Tiandougoucoura) are among others: 

- The ability to resist and adapt to the impacts of climate change such as reduced 

rainfall and increased temperature; 

- Availability and adaptability to the growing area; 

- The available area dedicated to experimentation; 

- Time to conduct the experiment; 

- The budget for conducting the experiments. 

For more information on the 6 different varieties see appendix, Table 5.0:2 

 

3.2.2.3 Conduct of the test 

The Seed Selection focused on 6 different varieties which are: CSM63E, 

CSM388, DT-15, KIT19, Tiandougou-Coura and Soubatimi. The plots for the 

experiment after their identification and land preparation were ploughed with the tractor. 

Sowing was done on ridges at the rate of 4 seeds per pocket. The seeds were treated with 

fungicide insecticide (Apron star) at a rate of 10 grams for 4 kg of seeds. Thinning was 

carried out 15 days after sowing at the rate of 2 plants per pocket. The first weeding was 

done 15 days after sowing and the second weeding 45 days after sowing. Organic manure 

(Profeba) was added 15 days after sowing, at a rate of 1 ton/ha (1000kg/ha) as well as the 

cereal complex NPK at a rate of 100kg/ha each was given as complex fertilizer (17-17-

17). Urea was added 45 days after sowing at a rate of 23kg N/ha. The plots were treated 

with appropriate products such as Emacot when the plants were attacked by pests 

(caterpillar). From each replicate, a soil sample was collected diagonally from 

experimental site (Sotuba) at a level (0-20cm) and analyses at the laboratory of Soil-
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Water-Plant of Institute of Rural Economic (IER) in order to determine the characteristics 

of the soil (Figure 3.1 (on the top corner left)). The soil is characterised by physical 

characteristics (percentage of sand, silt and clay), and chemical characteristics pH water, 

pH kCl, % total nitrogen, available phosphorus, K. Ca (meq/100g) and Mg (meq/100g), 

CEC, C/N ratio and organic matter content (Figure 3.1 on the top corner right and down). 

The harvest was made at physiological maturity and the threshing after drying of the 

harvested panicles. 
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Figure 3.1. Taking soil samples with an auger for analysis (on the top corner left) and 

the analytical determination on soil texture (on the top corner right and down) 

  



33 

 

 

Table 3:1. Mass plan of the experimental plots of the six varieties of sorghum 

Repetition 1 

1 2 3 4 5 6 

CSM63E CSM388 DT-15 KIT19 Tiandougou-

Coura 

Soubatimi 

Repetition 2 

7 8 9 10 11 12 

DT-15  Soubatimi Tiandougou-

Coura 

CSM63E  KIT19  CSM388 

Repetition 3 

13 14 15 16 17 18 

Soubatimi KIT19 CSM63E Tiandougou-

Coura 

CSM388 DT-15 

Repetition 4 

19 20 21 22 23 24 

Tiandougou-

Coura 

CSM63E Soubatimi CSM388 DT-15 KIT19 

  

Legend:1 à 24 = are the numbers of the plots in which the different varieties are sown.  

Evaluation of economic profitability 

At harvest, the total production of each variety was evaluated as well as the yield to assess 

the economic profitability. 
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3.2.2.4 Work monitoring and crop observations 

Monitoring and observations focused on: date of sowing, date of flowering and 

maturity, number of seeds per pocket, population per pocket, spacing between rows, 

spacing between pockets/cm, depth of sowing /cm, height of plants, number of tillers, 

thousand grain weight, grain weight, straw weight and 1000 grain (Figure 3.3). 

3.2.3 Methodology used for the groundnut experiment 

The purpose of the experiment was to study the impacts of climate change on the yield 

of groundnuts. 

3.2.3.1 Groundnut experimental processes 

Two varieties of peanuts were tested in the plots: Fleur 11 and ICVG 26024. The 

experimental device was the Fisher block in three repetitions for each type of variety 

(Table 3:2). The work was carried out on an area of 187m². The elementary plots were 

made up of 11 lines of 5m each. The sowing depth was 2cm, the spacing between the 

pockets was 0.10m and between the rows 0.5m. The spacing between the bands was 1m. 

The distance between the repetitions was 1m and as well as between the elementary plots 

(Figure 3.4). 

3.2.3.2 Conduct of the test: 

The plots for the experiment after their identification and land preparation were 

ploughed using a tractor. Flat seeding was applied at the rate of 2 seeds per pocket. The 

seeds were treated with Apron star is a (fungicide/insecticide seed spray for the control 

of late blight and seedling damping-off and for the protection of seeds and seedlings from 

early season pests and soil-borne diseases in beans, sorghum, maize, cotton and 

vegetables (Aderibigbe, 2018; Aune et al., 2017)) at a rate of 10 grams for 4 kg of seeds. 

The treatment of the plots after sowing was done with Alligator (pre-emergence 

herbicides) and Glyphosate Isopropyl ammonium (total systemic herbicide). The first 
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weeding was done 15 days after sowing and the second weeding 45 days after sowing. 

The trials on the peanut varieties were carried out for natural production without soil 

amendment with mineral or organic fertilizers. The harvest was made at the physiological 

maturity of the plant. 

 

3.2.3.3 Work monitoring and crop observations 

Monitoring and observations focused on: date and end of sowing, date of 

flowering and maturity, number of seeds per pocket, population per pocket, spacing 

between rows, spacing between pockets/cm, depth of sowing/cm, plant height, grain 

weight, straw weight and 1000 grain (Figure 3.5). 
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Table 3:2. Block plan of the plots of the experimental device of the two varieties of 

groundnut 
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3.2.3.4 Methodology used for DSSAT model 

The DSSAT Model was used to simulate and determine crop growth of the six varieties 

of sorghum studied. The meteorological data (rain, Tmax, Tmin, solar radiation relative 

humidity and evaporation) collected were processed and imported into the DSSAT 

followed by calibration which was carried out for the 6 varieties of sorghum CSM388, 

CSM63E, DT-15, KIT19, Soubatimi and Tiandougou Coura. 

Genetic coefficients for CSM388 and CSM63E varieties were previously determined 

through field experiments in Mali (Akensye et al., 2017; Adam et al., 2018). For the other 

four varieties, notably DT-15, KIT19, Soubatimi and Tiandougoucoura, the genetic 

coefficients were not known. Work has been carried out to determine the genetic 

coefficients of these four based on the results obtained from the experiments that were 

carried out in the field during the 2021 agricultural season at the Sotuba agronomic 

research center. 

The calibration was carried out in three steps based on i) morphological information (time 

to anthesis, time to maturity), ii) total biomass, iii) grain yield. In addition, the 1000 grain 

weight was calibrated. The basic idea of the calibration was to modify the most important 

genetic coefficients so that the simulated and measured data matched as closely as 

possible. 

To perform the sensitivity calculation, a total of 21 coefficients were modified, including 

11 coefficients in the crop file in DSSAT (CUL- P1, P2, P20, P2R, PANTH, P3, P4, P5, 

PHINT, G1 and G2) (Table 3:3) and 10 in the ECO file (TBASE, ECONAME, TBASE, 

TOPT, GDDE, RUE, KCAN, STPC, RTPC, TILFC and PLAM) (Table 3:4). The 

calculation made it possible to know the most important and which have the greatest 
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impact on the growth parameters, the most important coefficients of which have been 

calibrated. 

Growth parameters were used for calibration i.e., time to anthesis, time to maturity, total 

biomass, grain yield and 1000 grain weight. 

Therefore, the first step in the calibration was to determine the relative impact of the 

different coefficients on the simulated results. This procedure is called “sensitivity 

analysis”. A relatively simple approach was to modify the genetic coefficients one by one 

by a given percentage (eg -10%) and observe the effect on important growth parameters. 

If changing a coefficient by -10% results in a yield change of, say, 1%, that coefficient 

will be relatively unimportant for the yield calibration and will not be used for the 

calibration process. If a -10% change results in a 50% yield change, for example, this 

coefficient will be relatively important for the yield calibration and will be used for the 

calibration process. The relative effect of the different coefficients depends on the 

varieties, but also on the experimental setup (climate, soil, etc.) and was redone for each 

experiment. 

A setup was made with a correct standard run for the field experience for one of the 

varieties (with correct meteorological data, soil data, management data…). In this case, 

CSM63E was used because the genetic parameters have already been determined. The 

sensitivity analysis was carried out for the CSM63E variety, the sorghum variety of the 

experiment which was available in DSSAT. The following formula was applied to 

calculate the relative impact of the different coefficients on the simulated results. The 

standard: simulated result (e.g. yield) with standard coefficients. Modified result: 

simulated result with modified coefficients (one at a time). 

𝒔𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 =  
(𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅−𝒎𝒐𝒅𝒊𝒇𝒊𝒆𝒅 𝒓𝒆𝒔𝒖𝒍𝒕)

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅
 ∙ 𝟏𝟎𝟎       3-6  
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Table 3:3. Sorghum genetic of eleven coefficients in the *.CUL file (definition) 
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Table 3:4. Sorghum ecotype of ten coefficients in the *.ECO file (definition) 
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3.4 Vulnerability of agropastoralists to the climate change and adaptation 

strategies 

Objective 3 methodology: Investigate the vulnerability of agro-pastoralists to the 

climate change and discuss possible adaptation strategies: 

For this specific objective, the research made it possible to identify and prioritize the 

adaptation strategies of agropastoralists taking into account the vulnerability of 

communities. 

Household surveys were used as a methodology during this work. To this end, a 

questionnaire was developed, programmed and administered through the Kobocollect 

tool to target groups (agro-pastoralists) and other actors in the field of climate change. 

The choice of localities was based on the importance of agro-sylvo-pastoral activities in 

the different regions of the Republic of Mali. As for the choice of villages in the 

municipalities at the level of the various targeted regions, it was made taking into account 

the accessibility due to insecurity (jihadism and banditry) of which more than 2/3 of the 

country escapes the control of the Malian authorities.  

Quantitative and qualitative surveys were carried out among the target groups as 

well as other actors in the field of climate change. The surveys were conducted using 

phones with the Kobocollect app installed. They involved 355 people, 39.15% of whom 

were women, in 33 villages in 22 communes in 14 circles (cercles) and 10 regions of 

Mali (i.e. 52.26% forage rate for the regions of Mali). The field survey work was 

supervised remotely but also through field supervision missions in the regions of Sikasso, 

Bougouni, Koulikoro and Kita. 

The interviews carried (Reference to the questionnaire in the appendix) out made it 

possible to collect the essential information required on: 
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- Modes of exploitation and management of natural resources (water, land and 

vegetation), agricultural production systems (plants and animals), non-

agricultural production systems; 

- The natural, social, human and physical resource determining the conditions of 

agropastoralists; 

- Agropastoralists perception of climate change concerning the rainy season, 

temperature, water resources and their impacts on resources; 

- Evaluation of endogenous adaptation strategies (strengths and weaknesses)  

 

3.2.4 Information Gathering, Analysis and Data Processing Tools 

In this study, computer tools and applications (data storage, processing and 

analysis software) will be used to analyse and process the different data. Among the tools, 

the main ones and their essential functions are briefly described. 

3.2.4.1 Modelling DSSAT 

DSSAT_CSM (Cropping System Model)  

Today, more than ever, increasing food production and security depends on the 

rational use of resources. In addition, issues such as climate change, climate variability, 

soil carbon sequestration and the long-term impact on food production, food security and 

environmental sustainability have become important. Many weather, soil, genetic and 

management factors influence a crop’s response to irrigation, fertilizers and other 

management practices. The identification of appropriate crop management strategies in 

these uncertainties has major economic and environmental implications. Computer 

simulation models of the soil/plant/atmosphere system with user-friendly GIS can make 

a valuable contribution both to deepen our understanding of the processes that determine 

crop responses and to predict crop responses cultures, crop performance, resource 



47 

 

utilization and environmental impacts for different environments and management 

scenarios. They can also be used to determine the potential impact of climate change on 

production (Hoogenboom, G., C.H. Porter et al., 2019). 

DSSAT-CMS Model (The Decision Support System for Agrotechnology Transfer 

Cropping System Model) 

Agrotechnology Transfer Decision Support System is a set of computer programs 

designed to simulate the growth of agricultural crops. This model simulates the growth, 

development and yield of a crop that grows on a uniform surface of land under prescribed 

or simulated management and changes in soil water, carbon and nitrogen that occur in 

the culture system for time. The DSSAT is that crops are planted, managed and harvested 

based on the crop system information provided as inputs to the model (Jones et al., 2003). 

The DSSAT model was used to simulate the yield of sorghum and groundnuts and 

compare the values with the filed experiments. 

 

3.2.4.2 CMIP6: Coupled Models Inter-Comparison Project of Phase 6 

It is to better understand past, present and future climate change resulting from 

natural, unforced variability or in response to changes in radiative forcing in a multi-

model context. This understanding includes assessments of model performance for the 

historical period and quantifications of the causes of the spread in future projections. 

Idealized experiments are also used to improve understanding of model responses. In 

addition to these long-time scale responses, experiments are carried out to study the 

predictability of the climate system at various time and space scales as well as to make 

predictions from observed climate states (https://www.wcrp-climate.org/wgcm-cmip). 

The CMIP6 data was used for future climate projection under two scenarios (SSP2-4.5 

and SSP5-8.5 in this study. 

https://www.wcrp-climate.org/wgcm-cmip
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• The comparison of two scenario models was made on each variable in relation 

to the amount of rainfall, the degree of temperature as well as solar radiation. 

However, these three variables are important to use in the context of studies on 

the activities of agropastoralists. 

3.2.4.3 Shared Socio-economic Trajectories (SSPs)   

Shared Socio-economic Trajectories (SSPs) are scenarios of global socio-

economic changes projected up to 2100. They are used to derive scenarios of greenhouse 

gas emissions with different climate policies. Scenarios with intermediate and very high 

greenhouse gas (GHG) emissions (SSP2-4.5 and SSP5-8.5) and CO2 emissions that 

approximately double by 2100 and 2050. Emissions vary between scenarios depending 

on socio-economic assumptions, climate change mitigation levels and, for aerosols and 

non-methane ozone precursors, air pollution controls (IPCC, 2021). 

 

SSP2-4.5: Intermediate scenario 

Socio-economic factors follow their historical trends, without significant change. 

Progress towards sustainability is slow, with disparate development and revenue growth. 

In this scenario, temperatures increase by 2.7°C by the end of the century. 

 

SSP5-8.5: Very high scenarios 

Current levels of CO2 emissions will roughly double by 2050. The global 

economy is growing rapidly, but this growth is fueled by the exploitation of fossil fuels 

and energy-intensive lifestyles. The SSPs were used in this study for were used to project 

future climate change and make a comparison of two scenarios (SSP2-4.5 and SSPP5-

8.5) which represent respectively moderate and high emission scenarios. 
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KoboCollect 

KoboCollect or KoBo Toolbox, is an open-source platform designed for rapid 

data analysis, information gathering in the field, through the use of mobile devices or 

tablets, which offers a range of options allowing users to conduct complex research, 

monitor projects, map information in disaster areas, conflicts and in general in contexts 

where it is necessary to investigate quickly and systematically (Bokonda et al 2020; 

Nampa et al 2020; Jackson et al 2021). 

KoBo Toolbox is continuously developed by the Harvard Humanitarian Initiative, 

distributed and supported by the United Nations Office for the Coordination of 

Humanitarian Assistance (UNOCHA). Being an open-source tool, it can be integrated 

into other types of applications, allowing them to be used together, making it efficient 

and versatile. Kobo collect was used for collecting data from agropastoralists through 

survey by programming questionnaires on tablet/smart phone in this study. 

Instat+ 

Instat+ is a general statistical package (Taye et al., 2013; Beyene, 2015). It is 

useful for researchers mainly in climatic data analysis. Developed by Statistical Services 

Centre at Reading University, UK. It is simple enough to be useful in teaching statistical 

ideas, yet has the power to assist research in any discipline that requires the analysis of 

data. 

Instat+ provides a relatively gentle introduction to using statistics packages, and 

can be a useful "stepping-stone" towards other, commercial, statistics packages. Instat+ 

is designed to support the teaching of statistics. It includes features to help explain many 

of the key concepts, such as confidence intervals, that users often find confusing. 

Furthermore, its teaching menu provides a resource pack of ideas, some that use Instat, 
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but many that can be used with any statistical software (Daba, 2018; Jackson et al., 2021; 

Usman and Mamman, 2022).  

Instat+ includes many special facilities for the processing of climatic data, 

supported by a 400-page guide, included with the package as a help file. Instat was used 

for statistical analysis of climatic data. Organize the data and perform agro-climatic 

analyzes of trends, risks, climatic extremes, statistical calculations and graphical 

representations in this study. 

Genstat 

Genstat is a statistical software package with data analysis capabilities, 

particularly in the field of agriculture (Akinnagbe and Baiyeri, 2011; Adzitey et al., 2014; 

June, 2016; Odong et al., 2019). It was developed in 1968 by Rothamsted Research in 

the UK and was designed to provide modular design, linear mixed models and graphical 

functions. Genstat was used to perform statistical analysis of data from field experiment 

of crop yield (sorghum and groundnut) in this study. 

ArcGIS 

ArcGIS (or "ArcMap") is GIS software for viewing, managing, creating, and 

analyzing geographic data (Adzitey et al., 2014; Ngwuta et al., 2016) By using ArcGIS, 

you can understand the geographic context of your data, allowing you to see relationships 

and identify patterns in new ways. ArcGIS was used to perform spatial simulation of 

future climate projection of crop yield for the different regions in Mali. 

Rstudo 

Rstudio R is a program developed under Rstudio (Pesaran, 2014; Watkins, 2020). 

This software makes it possible to carry out statistical analyses of climatological data: 

onset and end date of the season, duration of the season, accumulation of precipitation of 

the season and analysis of dry sequences, control of data quality (rain, Tmax, Tmin), 
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calculate climate indices, analyse standard anomalies, analyse agro-climatic parameters, 

analyse agro-cli parameters Analysis of agro-climatic parameters. 

Office Software 

(Word, excel) for processing,  

3.2.5 Selection and Mapping of the Study Area 

3.2.5.1 Demographic and Geographic Situation of Mali 

Mali is a landlocked West African country located between the 10th and 25th 

degrees of north latitude and between the 4th and 12th degrees of west longitude and 

covers an area of 1,241,238 km2 with a population of 20,250,833 (estimated, 2020). It 

shares 7,420 km of borders with 7 neighboring countries: Algeria in the north, Niger and 

Burkina Faso in the east, Côte d'Ivoire, Guinea in the south, Mauritania, and Senegal in 

the west. Mali is divided into ten regions and one district. These subdivisions are named 

after their main city. It has 703 communes.  

The country has three climatic zones: (Error! Reference source not found.) 

• The northern two thirds of the country, entirely desert, belong to the southern 

Sahara, with annual rainfall of less than 127 mm This region is crossed by nomads 

with their herds (Mougin et al., 2009; Hereher, 2011); 

• The centre: the Sahelian region, relatively dry (with relatively insufficient tropical 

rain), is covered with steppe gradually replaced by savannah towards the south. 

The Niger Valley is cultivated thanks to some development work: rice, cotton, 

shea, groundnut, millet, sorghum, corn; (average precipitation in between 300 and 

600 mm). However, these amounts can vary greatly from year to year; 

• The Sudanese region is an area with precipitation of 1,400 mm per year and 

average temperatures between 24°C and 32°C (Tekete and Koita, 2010; Bokar et 
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al., 2012). It is, in its northern part, covered with savannah becoming increasingly 

dense and gradually turning into forest towards the south (Bucini and Lambin, 

2002; Laris, 2011). 

The relief is slightly accentuated. The alluvial plains, very vast, are however dominated 

by some limestone and sandstone plateaus (Mandingo and Dogon plateaus) (Gabriel, 

1987; Traore et al., 2016). Mali’s highest peak is Mount Hombori at 1,155 m (Walther et 

al 2009; Hallett, 2018; Apriliani et al., 2021). 

3.2.5.1.1 Languages and Communities 

French is the official language, but the most widely used is Bambara, which is 

spoken by more than 50% of the population (Lodhi, 1990). The latter, along with 12 

others (bobo, bozo, dogon, peul, soninké, songhaï, (or songoy), sénoufo-minianka, 

tamasheq, hassanya, khassonké, mandinka and maninkakan) are recognized by the State 

as national languages. The 1987 census recorded the language spoken by people for the 

age of six. Bambara is largely in the lead (38.3%), followed by Peul (11.7%), Dogon 

(6.9%), Songhaï (6.3%) and Soninke (12.3%) (Christin and Hug, 2012). Mali has retained 

important elements of its traditional cultures. The griots (or «Djéli») still carry out their 

functions as poetic musicians transmitting the history of the country and of the people for 

several generations (Ebine, 2019). 

3.2.5.1.2 Economy 

Mali is a developing country whose economic structure is strongly dominated by 

the primary and tertiary sectors. About 10% of the population is nomadic and 80% of the 

working population works in agriculture or fishing (Silvius et al., 2000). Industrial 

activity is concentrated around agricultural activities. Agricultural production is mainly 

based on cereals, which constitute the bulk of the food base. These cereals are mainly 



53 

 

millet, sorghum, rice, maize, fonio and wheat. There are also some tubers such as yam, 

potato and cassava. One of the crops that has had some increase in production is fruit and 

vegetable production. Bananas, mangoes and oranges are an important export to 

European and Arab countries (Zainal et al., 2011). 

 Mali is known for its wealth of precious stones and various fossils as natural 

resources. Of all the known mineral resources in the country, only gold is currently 

subject to intense exploitation. Gold is the country’s largest export source (Africa’s third 

largest gold producer after South Africa and Ghana, the ninth largest in the world) 

(Mainguy, 2011), followed by cotton (world’s 12th largest producer in 2004) and 

livestock (a major livestock producer and exporter in the region), iron (Behrendt, 2006). 

Other products such as groundnuts (300,000 - 400,000 tonnes produced in 2003) are 

highly exported (Pound and Phiri, 2010). Tourism, which is still confined to a few areas, 

has been growing in recent years. These include UNESCO World Heritage sites: the 

Dogon Country, Timbuktu, Djenné, the Tomb of the Askia in Gao. Some of these sites 

have been desecrated in Timbuktu and Gao since the occupation by Islamists in July 

2012.  

In 2017, the contribution of the primary sector represented 38.34% of GDP with 

a large share for agriculture (19% of GDP) and In 2019, it is estimated at 38.43% GDP 

(Moretti et al., 2004; Hage and Hage, 2014). With strong irrigable potential, the country 

has the resources to become one of the agricultural mainstays of West Africa. By 

diversifying the bases of production and building on accelerated, sustainable growth, 

creating jobs and income-generating activities, Mali expects to achieve growth rates of 

more than 7% per year (UMOA, 2020). 
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Figure 3.6 Map of study area 
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Figure 3.7 Map for three climatic zones of Mali (Coulibaly et al., 2016) 
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           CHAPTER FOUR 

4.0      RESULTS AND DISCUSSIONS 

4.1 Climate Change Characteristics for Mali   

4.1.1 Current Trend of Rainfall Characteristics for Bamako, Segou and Sikasso 

 The analysis of rainfall anomaly index shows the interannual variability in the 

1960-2020 series for Bamako (Figure 4.1) Since 1968, there have been significant year 

of rainfall deficit with the year 1970, therefore the number of drought events occurred 

from years 1980 to 1990 and 2000 considered as year of great drought. 

Our results are identical to those of Nicholson et al., (2018) who worked on precipitation 

on the African continent in the 19th and 21st centuries, more precisely the Sahel, these 

results showed a sharp drop in precipitation that occurred around 1968.  

This evolutionary curve of rainfall accumulations from 1960 to 2020 shows a downward 

trend in accumulations in the 3 different regions of Mali then a very variable trend to 

normal from 2000 to 2007. However, from 1960 to 2020 there is a significant decrease 

in interannual rainfall with a downward trend in rainfall in these three regions of Mali 

Bamako, Ségou and Sikasso (Figure 4.1, Figure 4.4, Figure 4.6).  

The calculation of the standardized index on rainfall from 1960 to 2020 of Bamako 

station shows a rainfall deficit which increases from 1970, 1972, 1980, 1883 to 1985. 

The year 1972 (average precipitation of 643mm) corresponds to the year from which 

there is a general downward trend in the time series of rainfall (Figure 4.1). A study on 

the Sahelian droughts showed the rainfall deficit for the whole of West Africa, precisely 

the ENSO events in the Sahel region from 1972, 76, 82, 83, 92 and 93 (Janicot et al., 

1996). 

The analysis of rainfall by the Mann Kendall and Homogeneity tests at the Bamako 

station shows in 1967 with an average precipitation of 1242 mm which is negative 
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compared to the average. In addition, the first and second rupture has been observed in 

the period 1998 and 1994 with an average precipitation of 936 mm (Figure 4.2). The 

difference shows a drop in precipitation of 136mm after the break year. The trend 

analysis of the 1960-2020 series also shows a decrease in precipitation in the zone. 

Praveen et al., (2020) study on trend analysis and forecasting of rainfall changes in India 

using nonparametric and machine learning approaches showed the significant decrease 

in rainfall for India and that this decrease has been accentuated. 

4.1.1.1 Trend of annual rainfall in Bamako from 1960-2020 

The general trend of the 1960-2020 rainfall accumulation curve for Bamako shows a 

decrease in precipitation with a linear upward trend (Figure 4.3). But this trend is not 

significant because p-value (bilateral) = 0.38 which is higher than the alpha threshold 

level of significance = 0.05: according to the Mann-Kendall trend test.  

4.1.1.2 Interannual variability of precipitation for Segou   

Evolution of rainfall analysis for Ségou region shows a general drop in rainfall 

accumulations with an average decrease of 13mm from 1960 to 2020. The application of 

the Pettitt test detected a break from 1970 in the series of rainfall accumulations of Ségou 

(Figure 4.4). Our results are consistent with those of a study on climate variability case 

study in Burkina Faso which showed that rainfall in the region suffered a major break in 

1970 using the Pettitt test (Tirogo et al., 2016). The periods with the most marked dry 

spells were: 1970 to 1974; 1980 to 1987; 2000 to 2006 and from 2012 to 2018.  
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4.1.1.3 Trend analysis of rainfall for Segou from 1960-2020 

The detection of breaks in the rainfall series of the Ségou region, according to Mann 

Kendall (Pettitt test) showed that there is no statically significant trend in the series. 

According to P-value=0.6586 (Figure 4.5(a)) and that of P-value=0.224 (Figure 4.5(b)) 

which shows that there is no rupture according to the Pettitt test. Indeed, on the basis of 

calculations of the two averages, it appears that between the series of 1960-1989 (i.e. 622 

mm) and 1990-2020 (i.e. 635 mm), a drop of -13mm (i.e. an annual decrease of -638.2 

mm) in the time series 1960-2020. In addition, Pettitt's test showed an abrupt change in 

the 1983 annual series (Figure 4.5 (b)). However the results of the present study are 

identical to a study carried out in the southwest from Iran which showed that the rainfall 

abrupt was in 1983 (Dhorde & Zarenistanak, 2013). 

4.1.1.4 Precipitation anomaly of Sikasso from 1960 to 2020 

Error! Reference source not found. for the Sikasso region indicates the p

resence of dry period from 1965 which has been observed. However, the period 1968 to 

1970 and 1975 to 1980 is wet in the time series of rainfall. There is an alternation of dry 

year between 1994. The results are similar to those studies conducted on changes in 

temperature and precipitation extremes over West and Central Africa which revealed that 

1994 is considered as a dry period in Sikasso region (Lin et al., 2013; West, 2017). 

The wettest month of the rainy season is August. However, the trend of annual 

cumulative rainfall is decreasing. This decrease is statistically significant according to 

the Man Kendall test at the 5% level (Figure 4.7 (a)). According detection of breaks in 

the 1960-2020 rainfall series on Sikasso, the Mann Kendall (Pettitt test) showed a break 

in the 1960-2020 series. The break years are 1989 and 2010 (Figure 4.7 (b)). 
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Figure 4.5. Trend analysis of annual rainfall (a) and the abrupt change in the trend (b) 

for Segou 
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Figure 4.7. Trend analysis of annual rainfall (a) and the abrupt change in the trend (b) 

for Sikasso 
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4.1.1.5 Start and end date of the rainy season of Bamako in the period from 1960-

2020 

The results of the statistical analysis of rainfall data for a period from 1960 to 

2020 show that the average date of the rainy season starts from May 28 and the average 

end date of the rainy season is October 6 in Bamako Figure 4.8 (a)). 

The trend in the length of the rainy season in Bamako has been decreasing for the 

period 1960-2020 Figure 4.8 (b)). This reduction trend is reflected in the variability of 

rainfall reported by agropastoralists during the field surveys that were conducted. 

4.1.1.6 Start and end date of rainy season of Segou region in the period from 1960-

2020 

The evolution of the climatic parameters of the rainy season in the region of Ségou 

(Figure 4.9 (a)) experiences a high inter-annual variability both for the start date and the 

end of the rainy season. The data shows an increasingly late arrival of the rainy season 

on June 16 for the 1960 to 2020 series. On the other hand, the end of the season is getting 

earlier and earlier with a date of September 23.  

The length of the season shows a downward trend, which results in the reduction 

of the wet period. This tendency to reduce the length of the season is estimated at 7 days 

(Figure 4.9 (b)). These results confirm the perception of the agropastoralists surveyed 

who perceive that the start of the rainy season is late and the end is early. 
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Figure 4.8. Trend of the start and end of the rainy season (a)and the length trend of the 

rainy season (b)for Bamako 
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Figure 4.9. Trend of start and end of the rainy season (a), and the length trend of the 

rainy season (b) for Segou 
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4.1.1.7 Start and End date of rainy season of Sikasso region in the period from 

1960-2020 

The analysis of climatic parameters shows that the rainy season in the Sikasso 

region starts on average on May 20 and ends on October 14 (Figure 4.10 (a)). It is deduced 

that there is a longer duration of the rainy season in the region of Sikasso compared to 

Bamako and Segou. 

The trend of the length of the rainy season in Sikasso is shows a reduction in the 

series of 1960-2020 (Figure 4.10 (b)) This decreasing trend results in increased rainfall 

variability. These results confirm the perception of agropastoralists concerning the length 

of the rainy season mentioned during the surveys that were carried out in the field.  

4.1.2 Current Trend of Temperature Characteristics for Mali 

4.1.2.1 Analysis of maximum and minimum temperatures for Bamako, Ségou and 

Sikasso 

4.1.2.1.1 Temperatures for Bamako 

The analysis of the maximum temperatures shows an anomaly of a general 

upward trend (Figure 4.11 (a)) for an average of 34.65°C in the time series of 1960-2020. 

According to the Mann-Kendall test, this trend is significant because the p-value = 0.03 

which is lower than the threshold significance level alpha=0.05. The risk of rejecting the 

“no” significance of the trend is 0.03%. The average of the two ruptures in the series from 

1960-1989 is estimated at 34.57°C and from 1990-2020 is at 34.72°C (increase of 

+0.15°C). 

The analysis of minimum temperatures (Figure 4.11 (b)) shows that the trend is 

increasing with an average of 21.18°C in Bamako during the period 1960 to 2020 and 

this increase in minimum temperatures is in accordance with the perception of surveyed 

agropastoralists.  
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Figure 4.10. Trend of start and End of the rainy season (a), and the length trend of the 

rainy season (b) for Sikasso  
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Figure 4.11. Anomaly trend of maximum (a)and minimum temperature (b) for Bamako 

from 1960-2020 (red line a, b is linear trend, green and black line is moving average) 
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4.1.2.1.2 Temperatures for Segou 

The maximum temperature for the Segou region shows an increasing trend in the 

time series of 1960-2020 with an average of 36.23°C (Figure 4.12 (a)). This upward trend 

is 0. 51°C for the whole period (Table 4.1). These results of the evolution of the maximum 

temperature of the series considered are in agreement with the perception of the agro-

pastoralists who declared an increase in temperature. Also, other studies have shown an 

upward trend in maximum temperatures in the Segou region (Touré et al., 2017; Diop 

and Barro, 2021). 

Data from the analysis of minimum temperatures in the Ségou region showed an 

interannual change in temperatures recorded throughout the 1960-2020 series with an 

average of 22.67°C (Figure 4.12 (b)), Table 4.2). Ruptures were observed during the 

period 1960-1979 with an average of 22.48°C and from 1980-1999 with an average of 

22.74°C (Table 4.2). 
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Table 4:1 Segou maximum temperatures 
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Table 4:2 Ségou minimum temperatures rupture 
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Figure 4.12. Anomaly trend of maximum (a) and minimum temperature (b) for Segou 

from 1960-2020 (red line a, b is linear trend, green and black line is moving average) 

  



76 

 

4.1.2.1.3 Temperatures in Sikasso 

The evolution of minimum temperatures shows an upward trend of +0.58°C under 

two time series (1960-1989 and 1990-2020) for the period 1960-2020 (Figure 4.13 (a)). 

The average maximum temperature is 33.85°C. Since 1979, year of temperature increase 

have generally been recorded until 2010. The trend is statistically significant since p-

value equal to 0.0001, therefore lower than the alpha threshold of 0.05 (Mann Kendall 

test) (Figure 4.13 (b)). 

As for the annual average minimum temperature, the application of the Pettitt test 

has made it possible to highlight a significant break from 1982, thus dividing the series 

into two homogeneous sub-series. The average for the 1960-1989 series is 21.36°C 

against 21.94°C for the 1989-2020 series (Table 4.3). Therefore, similar results showed 

that the increase in the annual minimum temperature of +0.58°C of Sikasso station (B. 

Traore et al., 2013). 

4.1.3 Climate projection for Mali under scenarios SSP24.5 and SSP58.5 of 

precipitation, temperature and solar radiation in the near future 2021-2050 

and far future 2070-2100 

4.1.3.1 Climate projection for Sikasso in the near future (2021-2050) 

The average annual precipitation under the scenarios SSP2-4.5 and SSP5-8.5 for 

Sikasso during the periods 2021-2050 show an interannual variability of precipitation 

(Figure 4.14 (a, b)). Indeed, a slight increase in precipitation for the SSP5-8.5 scenario 

with 33 mm per decade, a statistically insignificant trend in the annual series (Table 4.4). 
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Table 4:3 Sikasso minimum temperature rupture 
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Figure 4.13. Anomaly trend of maximum (a) and minimum temperature (b)for Sikasso 

from 1960-2020 (red line a, b is linear trend, green and black line is moving average) 
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These results are similar to a recent study on precipitation projections with the 

CMP6 model under two scenarios SSP2-4.5 and SSP5-8.5 whose results of the trend 

analysis for annual precipitation for the Volta basin from the year 1985 to 2050 showed 

a statistically increasing trend in rainfall in the Sahel and savanna zones with SSP5-8.5 

(Yue et al., 2021). Identical with a recent study under the SSP5-8.5 scenario, revealed 

that annual rainfall is expected to increase by 32.5%  per decade in the Sahel (Dotse et 

al., 2023). 

The annual average projection of solar radiation according to the scenarios (SSP2-

4.5 and SSP5-8.5) in the Sikasso region showed a general downward trend for both 

scenarios. This downward trend is 0.58 W/m2 per decade for the SSP2-4.5 scenario and 

1.09 W/m2/year/decade for the SSP5-8.5 scenario (Table 4.4, Figure 4.15 (a, b)).  

Concerning the projection on average annual temperatures, this trend was noted 

significantly upwards (at 0.001 significance level) by 0.29°C per decade for the SSP2-

4.5 scenario (Figure 4.16 (a, b)). According to the SSP5-8.5 scenario, the trend is 

significant (significant level of 0.001) with an increase of 1.23°C and 0.41°C per decade 

(Table 4.4).  

This rising temperature trend could increase evapotranspiration, increase water and heat 

stress, which could lead to lower crop yields. Several studies have shown that solar 

radiation has a greater impact on crops with lower solar radiation intensities, which could 

lead to deterioration in agricultural productivity (Chen et al., 2013; Shi et al., 2008; Yang 

et al., 2019). 
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Table 4:4 Projection of precipitation, solar radiation and temperature for Sikasso region 

under scenarios SSP2-4.5 and SSP5-8.5 in the near future 2021-2050 
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Figure 4.14. Precipitation under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Sikasso in 

the near future 2021-2050 
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Figure 4.15. Solar radiation under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Sikasso 

in the near future 2021-2050 
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Figure 4.16. Temperature under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Sikasso in 

the near future 2021-2050 
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4.1.3.2 Climate Projection for Kolondieba in the near future (2021-2050)  

The average annual precipitation for Kolondieba illustrates a variability with the 

climatic trend on the rainfall series of 2021-2050 on both scenarios (SSP2-4.5 and SSP5-

8.5). A slight increase in rainfall was observed for the scenario SSP5-8.5 per decade in 

the Kolondieba area; therefore, this increasing trend is not significant (Table 4.5). Our 

results are consistent with a study on global changes in terrestrial monsoon precipitation 

in the CMIP6 projections, an uncertain increase of (5.75 ± 5.92%) in long-term 

precipitation was found with the SSP5-8.5 scenario (Yue et al., 2021). 

The projection of solar radiation on the scenarios (SSP2-4.5 and SSP5-8.5) shows 

a slight, non-significant increase for both scenarios. This increase is 0.50 W/m2/year/ 

decade not significant for the SSP2-4.5 scenario and 0.86 W/m2/decade for the SSP5-8.5 

scenario at the significant level is 0.05 (Table 4.5). The temperature projection of the SSP 

2-4.5 and SSP5-8.5 scenarios shows an upward trend with a significant level of (0.001). 

This upward trend is significant at 0.31°C per decade for the SSP2-4.5 scenario and 

0.42°C per decade for the 2021-2050 series (Table 4.5). 
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Table 4:5. Projection of precipitation, solar radiation and temperature for Kolondieba 

under scenarios SSP24.5 and SSP5-8.5 in the near future 2021-2050 
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4.1.3.3 Climate Projection for Bamako in the near future (2021-2050) 

The average annual precipitation under the scenario (SSP2-4.5 and SSP5-8.5) 

illustrates an increased variability of precipitation in Bamako for the series of 2021-2050 

(Figure 4.17 (a, b)). The results of the annual average projection of solar radiation show 

a general decrease for the series from 2021 to 2050 for the scenarios (SSP2-4.5 and SSP5-

8.5) (Table 4.6, Figure 4.18(a, b)). This decrease is 0.50 W/m2/year per decade at a 

significant level of (α = 0.1) for the SSP2-4.5 scenario the significant level is (α = 0.05) 

with a decrease of 0.10 W/m2/year per decade for the SSP5-8.5 scenario (Table 4.6, 

Figure 4.18(a, b)). Studies have shown a downward trend in rainfall in Africa for both 

scenarios (SSP2-4.5 and SSP5-8.5) and similar to the Sahara Desert in Africa which gets 

very low average annual rainfall (Almazroui et al., 2020). 

An upward trend has been noted in projected average annual temperatures, this trend is 

significantly upward (0.001 significant) of 0.32°C per decade for the SSP2-4.5 scenario 

(Table 4.6, Figure 4.19 (a)). According to the SSP5-8.5 scenario the trend is 0.43 °C per 

decade at a significant level of (0.001 significant) (Table 4.6, Figure 4.19(b)). So an 

increase in average temperature at 1.5 ◦C and 2 ◦C (Rogelj et al., 2018). Our results are 

similar to previous studies which found that extreme climate change and this increase in 

average temperature was observed in several sub-regions in West Africa, particularly in 

the Sahel (Diedhiou et al., 2018; Sylla et al., 2018). 
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Table 4:6. Projection of precipitation, solar radiation and temperature for Bamako under 

scenarios SSP24.5 and SSP5-8.5 in the near future 2021-2050 
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Figure 4.17. Precipitation under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Bamako in 

the near future 2021-2050 
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Figure 4.18. Solar radiation under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Bamako 

in the near future 2021-2050 
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Figure 4.19. Temperature under scenario SSP2-4.5 (a) and SSP5-8.5 (b) for Bamako in 

the near future 2021-2050  
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4.1.3.4 Climate Projection for Segou under SSP24.5 and SSP5-8.5 Scenarios in the 

near future 2021-2050 

The average annual precipitation of Ségou under the scenario SSP2-4.5 and SSP5-

8.5 illustrates a decrease trend in precipitation for the series of 2021-2050 (Figure 4.20 

(a, b)). Indeed, this trend is 2.21mm/year per decade for the SSP2-4.5 scenario and for 

the SSP5-8.5 scenario 1.17mm/year per decade (Table 4:7). Our results are consistent 

with previous studies that have found that mean annual rainfall has decreased in Sahelian 

regions. Rainfall observed for Africa also shows strong seasonal variability (Lebel et al., 

2003; Lebel and Ali, 2009). 

The annual average projection of solar radiation showed an increase with SSP2-

4.5 and decrease for SSP5-8.5 scenario. This upward trend is 0.45 W/m2/year per decade 

for the SSP2-4.5 scenario and downward trend is 0.10 W/m2/year per decade, the trend 

is significant (at 0.01 significance level) for the scenario SSP5-8.5 (Table 4:7, Figure 

4.21(a, b)). 

The projection of annual average temperatures shows an increase trend in 

temperatures for the two scenarios (SSP2-4.5 and SSP5-8.5) (Figure 4.22 (a, b)). This 

trend is significantly upward (at 0.01 significance level) by 0.16°C per decade for the 

SSP2-4.5 scenario. According to the SSP5-8.5 scenario, the trend is significant 

(significant level of 0.001) with 0.44°C per decade (Table 4:7, Figure 4.22 (a, b)). Our 

results are consistent with those of previous studies in Iran on trend changes in annual 

mean temperature and precipitation in showed an increase in long-term trends in 

temperature and also a decrease in mean annual rainfall in future periods (12 to 17%) 

(Sharafi and Mir Karim, 2020). 
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Table 4:7. Projection of precipitation, solar radiation and temperature for Segou under 

scenarios SSP24.5 and SSP5-8.5 in the near future 2021-2050 
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Figure 4.20. Precipitation under scenario SSP2-4.5 (a) and SSP5-8.5(b) for Segou in the 

near future 2021-2050 

  



94 

 

 

 

 

Figure 4.21. Solar radiation under scenario SSP2-4.5 (a) and SSP5-8.5(b) for Segou in 

the near future 2021-2050 
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Figure 4.22. Temperature under scenario SSP2-4.5 (a)and SSP5-8.5 (b) for Segou in the 

near future 2021-2050 
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4.1.4 Climate projection for Sikasso, Kolondieba in the far future 2070-2100 

The results of the projection of average annual precipitation in the region of 

Sikasso and Kolondieba under the scenarios SSP2-4.5 and SSP5-8.5, an interannual 

variability was observed on the series of 2070-2100. Indeed, a downward trend in the 

annual averages of solar radiation for the scenarios SSP2-4.5 and SSP5-8.5 (Figure 

4.23(a, b, c, d)). This downward trend is 0.79W/m2/year per decade for the SSP2-4.5 

scenario in the Sikasso region statistically significant at the level (0.05 significant) as 

well as in the Kolondieba zone with a trend of 0.69W/m2/year per decade (Table 4:8). 

According to the SSP5-8.5 scenario, the trend in the Sikasso region is 0.33 W/m2/year 

per decade, with 0.67 in Kolondieba at the significant level (0.1 significant) (Table 4:8, 

Figure 4.24 (a, b, c, d). 

According to the projection of the annual average temperatures show an 

increasing trend in temperatures for the two scenarios SSP2-4.5 and SSP5-8.5. This trend 

is 0.45 °C per decade (statistically significant) on the rise (00.01 significant). In Sikasso 

and Kolondieba the rise is 0.46 °C per decade according to scenario SSP5-8.5 (Table 4:8, 

Figure 4.25 (a, b, c, d)). The interannual variability of rainfall, the drop in solar radiation 

and the rise in temperature are climatic phenomena that accentuate drought and could 

lead to a drop in the yields of agricultural production. 
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Table 4:8 Climate projection for Sikasso, Kolondieba under scenarios SSP24.5 and 

SSP58.5 of precipitation temperature and solar radiation in the far future 2070-2100 

Scenarios Time series of Sikasso Z-test Signific. Q AC 

 

SSP2-4.5 

(2070-2100) 

Precipitation (mm/ year) 0.63 
 

1.333 13.33 

Solar radiation (W/m2/year) 2.25 * 0.079 0.79 

Temperature (°C) 2.72 ** 0.013 0.13 

 

SSP5-8.5 

(2070-2100) 

Precipitation (mm/ year) 0.36 
 

1.471 14.71 

Solar radiation (W/m2/ year) 0.88 
 

0.033 0.33 

Temperature (°C) 5.85 *** 0.045 0.45 

Scenarios Time series of Kolondieba Z-test Signific. Q AC 

 

SSP2-4.5 

(2070-2100) 

Precipitation (mm/ year) 0.39 
 

0.556 5.56 

Solar radiation (W/m2/year) 2.19 * 0.069 0.69 

Temperature (°C) 2.77 ** 0.014 0.14 

 

SSP5-8.5 

(2070-2100) 

Precipitation (mm/ year) 0.77 
 

2.000 20 

Solar radiation (W/m2/ year) 1.77 + 0.067 0.67 

Temperature (°C/) 5.93 *** 0.046 0.46 

*** if trend at α = 0.001 level of significance; ** if trend at α = 0.01 level of significance 

* if trend at α = 0.05 level of significance; + if trend at α = 0.1 level of significance 
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4.1.5 Climate projection for Segou, Niono and Bamako in the far future 2070-2100 

Average annual rainfall shows a general downward trend in the region of Ségou, 

Niono and Bamako district for the scenario SSP2-4.5 and SSP5-8.5 (Figure 4.26 (a, b, c, 

d)). Indeed, inter-annual variability of precipitation has been noted during the future 

period 2070-2100. However, a downward trend in annual average solar radiation was 

observed for both scenarios SSP2-4.5 and SSP5-8.5 (Table 4:9, Figure 4.27 (a, b, c, d)). 

The average temperature for the period 2070-2100 shows a general decrease trend 

in temperatures in these three localities (Ségou, Niono and Bamako) Figure 4.28(a, b, c, 

d) Figure 4.31 (a, b)). 

According to the SSP2-4.5 scenario, this upward trend is significant (0.01 significant 

level) of 0.13°C per decade in the region of Ségou and the district of Bamako and 0.15°C 

per decade and Niono (Table 4:9). On the other hand, for the SSP5-8.5 scenario, the 

upward trend is higher at the significant level of 0.001 for the three localities. This upward 

trend is 0.51°C per decade in Ségou as well as in Bamako and 0.55°C per decade at Niono 

(Table 4:9) for the future period 2070-2100. As a result, our results are similar to studies 

made on the future projection of annual average precipitation and temperature with these 

two different scenarios (SSP1-2.6, SSP2.4.5 and SSP5-8.5), which showed that the 

temperature will increase throughout 21st century (Ayugi et al., 2021; Iyakaremye et al., 

2021). 
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Table 4:9 Climate projection for Segou, Niono and Bamako under scenarios SSP24.5 

and SSP58.5 of precipitation temperature and solar radiation in the far future 2070-2100 

Scenarios Time series of Segou Z-test Signific. Q AC 

 

SSP2-4.5 

(2070-2100) 

Precipitation (mm/ year) 0.66 
 

0.829 8.29 

Solar radiation (W/m2/year) 0.95 
 

0.036 0.36 

Temperature (°C) 2.74 ** 0.013 0.13 

 

SSP5-8.5 

(2070-2100) 

Precipitation mm/ year 0.03 
 

0.085 0.85 

Solar radiation (W/m2/ year) 0.00 
 

0.000 0 

Temperature (°C) 5.78 *** 0.051 0.51 

Scenarios Time series of Niono Z-test Signific. Q AC 

 

SSP2-4.5 

(2070-2100) 

Precipitation (mm/ year) 0.37 
 

0.961 9.61 

Solar radiation (W/m2/year) 1.38 
 

0.053 0.53 

Temperature (°C) 3.06 ** 0.015 0.15 

 

SSP5-8.5 

(2070-2100) 

Precipitation (mm/ year) -0.34 
 

-0.393 -3.93 

Solar radiation (W/m2/year) 0.00 
 

0.000 0 

Temperature (°C) 5.88 *** 0.055 0.55 

Scenarios Time series of Bamako Z-test Signific. Q AC 

 

SSP2-4.5 

(2070-2100) 

Precipitation (mm/ year) 1.16 
 

2.381 23.81 

Solar radiation (W/m2/year) 1.24 
 

0.040 0.4 

Temperature (°C) 2.54 * 0.013 0.13 

 

SSP5-8.5 

(2070-2100) 

Precipitation (mm/ year) 0.59 
 

1.308 13.08 

Solar radiation (W/m2/year) 0.39 
 

0.014 0.14 

Temperature (°C) 5.71 *** 0.051 0.51 

*** if trend at α = 0.001 level of significance; ** if trend at α = 0.01 level of significance 

* if trend at α = 0.05 level of significance; + if trend at α = 0.1 level of significance 
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Figure 4.29. Precipitation under SSP24.5(a) and SSP58.5(b) scenarios for Bamako in 

the far future 2070-2100 

  



107 

 

Figure 4.30. Solar radiation under scenarios SSP24.5(a) and SSP58.5(b) for Bamako in 

the far future 2070-2100 
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Figure 4.31. Temperature under scenarios SSP24.5(a) and SSP58.5(b) for Bamako in 

the far future 2070-2100 
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4.2 Climate Impacts on crop yields (Sorghum and Groundnut) 

4.2.1 Experiments on Sorghum 

✓ Panicle yield 

The analysis of variance indicates significant differences between the genotypes. Indeed, 

the DT-15 genotype recorded the best panicle yield with 3678kg/ha followed respectively 

by Tiandougou-Coura, Soubatimi and KIT19 which are statistically equal. The CSM63E 

genotype gave the lowest yield with 1043kg/ha and CSM388 with 1998kg/ha (Table 

4:10).  

✓ Grain yield 

It appears from the statistical analysis of the grain yield that a highly significant 

difference exists between the genotypes. The best performance (2367kg/ha) was found 

in the DT-15 genotype followed by Soubatimi (2250kg/ha) and Tiandougou-Coura 

(1733kg/ha) (Table 4:10). Low yield has been observed to CSM388 with 933kg/ha and 

KIT19 (750 kg/ha). The lowest yield was recorded by CSM63E (233kg/ha) (Table 4:10), 

this low yield is explained by the earliness of CSM63E which started its flowering well 

before the other genotypes and thus exposed to incessant bird attacks.  

✓ Fresh straw yield 

The result of the statistical analysis showed no significant difference between the 

genotypes. However, arithmetically CSM63E provided the best fresh straw yield 

(17925kg/ha) and KIT19 lowest yield (13028kg/ha) (Table 4:10). 

✓ Dry straw yield 

Statistical analysis of dry straw yield indicates that a statistical difference exists between 

the genotypes. With an average of 8587kg/ha and a coefficient of variation of 16.8%, the 
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greatest weight was found in Tiandougou-Coura (9885 kg/ha) followed by CSM388 

(9490 kg/ha). The lowest yield was noticed in KIT19 (7063 kg/ha) (Table 4:10). 

✓ Weight 1000 grain 

The analysis of variance shows a highly significant difference between the genotypes. 

Indeed, the weights vary from 17.50 to 27.75g with an average of 20.71g and a coefficient 

of variation of 9.7%, the genotypes CSM388 and CSM63E gave the highest 1000 grain 

weights (27.75 and 21.75). The lowest weight was found in Tiandougou-Coura, KIT19, 

Soubatimi and DT-15 (Table 4:10).  
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Table 4:10 Sorghum yield 
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The results of this study lead to the conclusion that with regard to the conditions 

of establishment of the trial, the DT-15 genotype and Soubatimi gave the highest grain 

yields. However, the best 1000 grain weight has been observed with CSM388 

4.3 Experiments on Groundnut 

✓ Groundnut yield 

The analysis revealed no statistical difference between the two genotypes with a 

coefficient of variation of 10.2% and an average of 770 kg/ha, the ICVG 26024 variety 

gave the best pod yield (776 kg/ha) and Fleur 11 the lowest (764 kg/ha) (Table 4:11). 

✓ Kernel yield 

The grain yield analysis of variance did not reveal any statistically significant difference 

between the two varieties. With a coefficient of variation of 9.9% and an average of 106.7 

kg/ha, the variety Fleur 11 gave a weight of 106.9 kg/ha and ICVG 26024 106.5 kg/ha 

(Table 4:11). 

✓ Fresh and dry straw yield 

It emerges from the analysis of variance that no statistically significant difference exists 

between the genotypes. However, arithmetically ICVG 26024 gave fresh (3952 kg/ha) 

and dry (2311 kg/ha) tops better than Fleur 11 (3855 kg/ha) and (2249 kg/ha) (Table 

4:11). 

✓ Weight 1000 kernels 

Statistical analysis of 1000 grain weight did not reveal any significant difference between 

the two genotypes. 

It appears from the results of the experiments that the two varieties of recorded lower 

yields compared to their estimated potential, for example for Fleur 11 at 1300-1400 kg/ha 

pod weight and 500 to 550kg/ha 1000 kernels weight (Bhati et al., 2017).   
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Table 4:11 Projection of precipitation, solar radiation and temperature for Segou under 

scenarios SSP24.5 and SSP5-8.5 in the near future 2021-2050 
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These poor results are due to the experimental approach adopted in our research which 

was based on organic production without the addition of chemical fertilizers and organic 

manure. To this is added a pocket of drought observed between August and September 

2021 with 23 dry days without rain, or 38% of non-rainy days for the period. 

4.2.2 Laboratory soil analysis of eleven samples taken from plots of different 

varieties of sorghum and groundnut 

The results of soil analysis of different of sorghum and groundnut plots shows a 

predominantly sandy-loamy and loamy sand texture. The soils of this poor agricultural 

area are in reference to the selected indicators and their tolerance thresholds (Table 4:12, 

Table 4:13). These soils, like most soils in tropical countries, are characterized by their 

poverty due to the preponderance of the sandy texture, the very low amount of clay and 

low nutrient status organic matter. They are very vulnerable to water erosion. Their 

nutrient retention capacity is low. Due to their physico-chemical properties, these soils 

are better suited to market gardening and dry farming while correcting the problems of 

low continual fertility.  

The management of the fertility of these soils would therefore be greatly 

improved by additional annual inputs of 5 to 10 t/ha of organic matter, PROFEBA 

enriched mixed with agricultural lime to reduce acidity. In mineral fertilization according 

to the means of the producer, we can recommend the application 50kg of DAP  46% of 

Phosphorus (P) and 18% of Nitrogen (N) (Diammonium Phosphate) NPK organic 

compound fertilizer 16N-26P-12K (100 kg/ha of Diammonium phosphate and 50 to 100 

kg of fractionated urea on cereals (millet, sorghum) or the practice of the seed soaking 

technique coupled with the micro-dosing of fertilizers to reduce the time, the difficulty 

of the work and the production costs.   
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Table 4:12. Results of laboratory soil analysis of eight samples taken from plots of 

different varieties of sorghum  
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Table 4:13. Results of laboratory soil analysis of trois samples taken from plots of 

different varieties groundnut 

Laboratory number 1 2 3 

Applicant specification Groundnut R1 Groundnut R2 Groundnut 

R3 

08/09/2021 08/09/2021 08/09/2021 

Applicant specification 

pH (Water) 5.85 5.86 5.83 

pH (KCl) 5.15 5.22 5.22 

Electrical conductivity (EC) 

(dS/m) 

0.02 0.02 0.02 

Organic carbon (% C w/w) 0.20 0.27 0.26 

Total nitrogen (% N w/w) 0.01 0.01 0.01 

Available phosphorus (ppm P) 11.90 12.18 11.97 

CEC acetate of Ammon 

(meq/100g) 

1.38 1.40 1.40 

Ca exchangeable (meq/100g) 0.69 0.69 0.69 

Mg exchangeable (meq/100g) 0.34 0.34 0.34 

K exchangeable (meq/100g) 0.20 0.20 0.20 

Na Sodium exchangeable 

(meq/100g) 

0.1 0.1 0.1 

Sand %> 0.05mm 70 55 25 

Fine silt % 0.05-0.002mm 26 41 68 

Clay % < 0.002mm 3 4 7 

Textural Class LS LS FS 

NB: SL= Loamy sand, FS= Fine Silt  
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4.4 DSSAT Model Simulation on Sorghum 

4.2.3 DSSAT Sensitivity analysis 

Main objective of the sensitivity analysis is to find the most important genetic 

coefficients. The following steps were applied: 

Setup a correct standard run for the field experiment for one of the varieties (with correct 

weather data, soil data, management data…). In this case we will use CSM355 because 

the genetic parameters have been determined by the previous investigators (Table 4:15). 

Note the important simulation crop growth results (from the DSSAT results file for 

view.out), and results in EXCEL file (Table 4:14). The ECO# in the CUL file refers to 

IB0002 in the ECO file! Calculate the new coefficients (10% smaller, i.e. multiply by 

0.9). Very important: the number of decimals may not change! 

➢ Modify the first coefficient in the CUL file (P1): Change 400.0 against 360.0 (i.e. 

10% smaller), save the CUL file, and run the simulation (Table 4:16). Very 

important: the number of decimals may not change! Position of the number may 

not change! 

➢ Note down the important simulation crop growth results (from file forview.out), 

note results in EXCEL file). 

➢ Change the modified coefficient back to its original value (360 back to 400).  

Modifiy the next coefficient (i.e. P2):  Change 252.0 against 226.8 (i.e. 10% 

smaller), save the CUL file, and run the simulation. Very important: the number 

of decimals may not change! Position of the number may not change! (Table 

4:16). 
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Table 4:14 Simulation on crop growth and development of different parameters 
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Table 4:15 Sensitivity analysis genetic coefficients of CSM335
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Table 4:16. Simulation of sensitivity analysis on different parameters (yield harvest, 

maturity dap tops weight, …) 
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➢ Note down the important simulation crop growth results (from file for view.out), 

note results in EXCEL file). 

Continue this procedure until all coefficients in CUL file and in ECO file have been 

modified one at a time! 

At the end, calculate the relative impact of the different coefficients on the simulated 

results as 

 

𝐬𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲 =
(𝐬𝐭𝐚𝐧𝐝𝐚𝐫𝐝−𝐦𝐨𝐝𝐢𝐟𝐢𝐞𝐝𝐫𝐞𝐬𝐮𝐥𝐭)

𝐬𝐭𝐚𝐧𝐝𝐚𝐫𝐝
∙ 𝟏𝟎𝟎   Equation 4 1 

 

4.3.1 Sensitivity analysis of CSM63E 

Sensitivity analysis was done for the cultivar CSM63E, the only Sorghum cultivar from 

the experiment which was available in DSSAT (Table 4:17). 

4.3.1.1 Data used for calibration 

Calibration was done based on the following input data from the field experiment. In the 

first step, the anthesis and maturity dates has been calibrated (Table 4.19). 

The sowing date is day 198. Therefore, the Anthesis dates are days 285, 263, 280, 

288, 278, 285 (which is 87, 65, 82, 90, 80, 87 anthesis days after planting dap). The 

maturity days are 315, 294, 315, 315, 315, 315 (which is 117, 96 maturity days after 

planting dap). In the second step, the tops weight (above ground biomass) has been 

calibrated, and in the last step the grain yield (Table 4:20). As the grain yield for the 

variety CSM63E is not reliable due to bird’s damage, The straw dry matter yield was 

used to calibrate the variety CSM63E.   
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Table 4:17. Simulation of sensitivity analysis on different parameters (yield harvest, 

maturity dap tops weight) 
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Table 4:18 Simulation of sensitivity analysis on different parameters (anthesis and 

maturity day after planting) 
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Table 4:19. Crop growth on different of variety of sorghum (sowing and anthesis date, 

anthesis days after planting, maturity date and maturity days after planting) 
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Table 4:20. Crop yield on different of variety of sorghum 
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4.3.1.2 Data file preparation 

Adding cultivars to CUL and ECO files (in DSSAT/Genotype) 

In a first step, the cultivars to be calibrated were added to the CUL file SGCER047.CUL 

The coefficients for CSM63E were copied and called CSM63E_A to make it different to 

the original values (Table 4:21). 

The IB numbers were added from IB0060 to IB0065; the ECO-file numbers were added 

from IB0003 to IB0008 (to make the ECO parameters also possible to calibrate). 

The ECO-file SGCER047.ECO was also edited to include the ECO parameters IB0003 

to IB0008. For CSM63E (ECI IB0003), the data from IB0001(GENERIC) were copied. 

For the other (West African) varieties, the ECO parameters from IB0002 (West African) 

were copied (Table 4:22). 

4.3.1.3 Preparing files with the results data (in DSSAT/Sorghum) 

The calibration program needs to know the measured values to adjust the coefficients so 

that measured and simulated values match closely. Therefore, files for the measured 

values must be prepared (Table 4:23). Simulation files for the 6 different cultivars were 

prepared as S-Sotuba; CAL-Calibration; 21-year 2021; 1…6 numbers. All simulations 

are the same, except that the varieties in the simulation file are different. SGA-Files (with 

measured data) (Table 4:24). Each simulation files needs an SGA file with the measured 

results (Table 4:25). The files contain the following results: 
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Table 4:21. Calibration of six varieties of Sorghum 
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Table 4:22 Genetic coefficients for the variety “West African” 
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Table 4:23. Simulation files for the 6 different cultivars 
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Table 4:24. Simulations file of six different varieties 
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Table 4:25. SGA file with the measured results on (anthesis date, maturity date, tops 

weight at maturity, harvested yield at maturity, unit weight at maturity) 
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4.3.2 The difference between simulated and measured anthesis time 

According to the results of simulation of sorghum crops on the number of days of 

anthesis after sowing, it emerged that the average duration of anthesis is 70 days for the 

5 varieties (CSM388, DT15, KIT19, Soubatimi and Tiandougou-coura) and 61 days for 

the CSM63E, with a difference of 9 days on the other hand to the other varieties (Table 

4:26). The results are similar to those of a study which confirmed that the average 

flowering time for the CSM63E variety is 62 days (Soumaré et al., 2005). The CSM63E 

variety is considered the earliest variety unlike others such as CSM388, DT15, KIT19, 

Soubatimi and Tiandougou-coura. Several studies have also shown that CSM63E is a 

very early variety in Mali (Akinseye et al., 2017; ICRISAT, 2020; Diallo et al., 2022). 

The simulation analysis on the average duration of the anthesis cycle measured 

shows a difference in statistical variance between the 6 different varieties, indeed in the 

variety CSM63E is (65 days), Subatimi (80 DS), DT15 (82 DS), Tiandougoucoura (87 

DS), CSM388 (87 DS) and KIT19 (90 DS) (Table 4:26). The difference between the 

simulated and measured anthesis time varies from (-4, -10, -12, -17, -20) by order of the 

varieties (CSM63E, Soubatimi, DT15, Tiandougoucoura, CSM388 and KIT19) (Table 

4:26). 

Compared to the simulated physiological maturity time of the 6 different varieties, it 

appears that the average duration is 112 days for the 5 varieties (such as CSM388, DT15, 

KIT19, Soubatimi and Tiandougoucoura) including (86DS) for CSM63E (Table 4:26). 

with a difference of 5 days contrary to the maturity time measured. 

4.5 Simulation results after calibration 

Running the model now with the 6 different varieties give the following result, which can 

be seen in the file evaluate.out (Table 4:27). 
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Table 4:26. Simulated (without calibration) and measured results of 6 different cultivars 

of sorghum on Growth Stages (Anthesis and Maturity days after planting) 
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Table 4:27 Calibration of CSM388 genotype on simulated and measured (ADAP, 

MDAT, CWAM, HWAM, HWUM) 
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4.3.3 Simulation on tops weight at maturity 

According to the result of the analysis on tops weight at maturity simulated 

showed no difference between the genotypes of 5 varieties, with an average of 9761 

kg/ha. However, CSM63E gave the best performance (10141kg/ha) compared to varieties 

that have low yield. 

 

4.3.4 Simulation on harvested weight at maturity 

Grain yield simulation analysis showed no existing difference between the 

genotypes of the 5 varieties (CSM388, DT15, KIT19, Soubatimi and Tiandougoucoura) 

which gave a statistically identical higher yield of 3449kg/ha with the lowest yield 

recorded in CSM63E (1894kg/ha) see Table 4:28. However, the grain yield of the 

CSM63E variety measured was low due to bird damage. The straw dry matter yield was 

used to calibrate the CSM63E variety. 

The varieties CSM388, DT15, KIT19, Soubatimi and Tiandougou-coura gave the 

same simulated results because of the use of same genetic parameters. However, there 

are large differences between the measured and simulated values. Indeed, this low yield 

is explained by three main factors which are: caterpillar attack, birds constitute a major 

risk for sorghum crops; strong winds causing very intense evapotranspiration; dry spells 

or insufficient and poor distribution of rainfall. 

 

4.3.5 Harvest weight per unit at maturity (one grain) 

According to the simulation results on the 1000 grain weight, it gave identical 

values for the 5 different varieties (CSM388, DT15, KIT19, Soubatimi and Tiandougou-

coura) who gave the highest 1000 grain weights with a coefficient of variation of 18% 

and 9% for CSM63E (Table 4:28). Nevertheless, these differences between the measured 
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and simulated values are significant because the low measured yield is explained by a 

number of factors to which the crops are exposed such as caterpillar attacks, birds, high 

winds and drought. 

4.3.6 Simulation of tops weight and grain weight 

According to the results of the simulation with the DSSAT model on crops yield, 

variety 1, 3, 4, 5, and 6 give the same simulated results, because they use the same genetic 

parameters. However, there are large differences between the measured and simulated 

values. Although all the parameters were the same, the climatic factor created the 

difference that made the performance at the station for my research lower compared to 

the simulation.  

According to the simulation results on the weight of the tops at simulated maturity 

shows a low yield of 9761kg/ha for the genotype of CSM388, with a higher grain weight 

of 3449kg/ha with a coefficient of variance of 18.2% compared to the measured yield 

(Figure 4.32(a)). This Figure 4.32(b) illustrate simulated tops weight, and shows a higher 

yield of 10141kg/ha for the CSM63E variety compared to the measured values which 

gave low yield of 212kg/ha. However, CSM63E gave the best performance on grain 

weight (1894kg/ha) with a coefficient of variation of 9.1% compared to measured values 

(Figure 4.32(b)). 

Simulation analysis on tops weight gave a low yield of 9761 kg/ha. Indeed, it 

indicates a better grain yield (3449 kg/ha) for the DT-15 genotype, with a coefficient of 

variation of 18.2% (Figure 4.33(a)). According to the results of the simulation on the tops 

weight, this also gives a low yield of (9761 kg/ha) but highest yield compared to the 

measured values for the KIT19 variety with a higher grain weight yield plus a coefficient 

change of 18.2% (Figure 4.33(b)).   



137 

 

Table 4:28. Simulated and measured results of 6 different cultivars of sorghum (Tops 

weight at maturity, harvested weight at maturity, weight per unit at maturity (one grain) 
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Figure 4.32. Simulated and measured tops weight and grain weight, (a) CSM63E_A, (b) 

CSM388 

 

  

(a) 

(b) 
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Figure 4.33. Simulated and measured tops weight and grain weight, (a) DT-15, (b) 

KIT19 
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(b) 
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According to the simulation results, there is a low yield of Tiandougou-coura 

genotype with an average of 9761 kg/ha, highest yield compared to the measured value. 

However, a higher grain yield of 3449 kg/ha was recorded, with a coefficient of variation 

of 18.2% (Figure 4.34(a)). A low yield was recorded for Tiandougou-coura with an 

average of 9761 kg/ha, higher yield compared to the measured value. However, a higher 

grain yield of 3449 kg/ha was recorded, with a coefficient of variation of 18.2% (Figure 

4.34(b)). 

4.3.7 Simulation with Calibration 

Calibration Step 1 (ADAP and MDAP) 

In a first step the dates of anthesis and maturity will be calibrated (Example 

Tiandougoucoura) (Table 4:29). 

In Genotype coefficient calculator: edit rules files for Sorghum (Figure 4.35): 

Program will vary ADAP by modifying P1 and P2O 

Program will vary MDAP by modifying P5 

Simulated results from calibration of Tiandougoucoura genotype on tops weight at 

maturity gave higher yield of 9837kg/ha compared to simulation value without 

calibration it has been recorded 9761kg/ha (Table 4.31).  
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Figure 4.34. Simulated and measured tops weight and grain weight (a) Soubatimi, (b) 

Tiandougoucoura 
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(b) 
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Table 4:29. Simulation with calibration on Tiandougoucoura of (ADAP and MDAP) 
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Figure 4.35 Run Gencalc: (Action->Run) 

Results: Files->Model output->Evaluate->Final run  
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Table 4:30. After first calibration step (Example Tiandougoucoura) 
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Update CUL file: 

Files->Coefficients->Main CUL file-> Automatically insert run results 

CUL file for Sorghum: 

Calibration results of six varieties on tops weight at maturity of sorghum specifically 

CSM388, CSM63E_A, DT15, KIT19, Soubatimi and Tiandougoucoura, it has been 

provided similar value for the 5 genotypes which is CSM388, DT15, KIT19, Soubatimi 

and Tiandougoucoura (Table 4.32). 

Parameters P1 and P2O have been modified! 

Next step: Calibration of CWAM and HWAM: 

In Genotype coefficient calculator: edit rules files for Sorghum: 

Program will vary CWAM (Biomass at maturity) by modifying G1 

Program will vary HWAM (Harvest weight at maturity) by modifying G2 (Table 4.33). 

Run Gencalc: (Action->Run) 

Results: Files->Model output->Evaluate->Final run 

According to the calibration results on grain yield, it has been noted higher yield at 

Tiandougou-coura with an average of 10564 kg/ha compared to measured value. 

However, a low tops weight at maturity with 2198 kg/ha as recorded (Table 4.34). 
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Table 4:31. Second step of calibration of Tiandougoucoura genotype 
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Table 4:32. Calibration of CWAM-Biomass and HWAM-Grain Yield 
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Table 4:33. After second calibration step (Example Tiandougoucoura) 
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Figure 4.36. A: after calibration (simulated yield is better, simulated biomass slightly 

better), b: before calibration 
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The results from the experimentation conducted on groundnut varieties are low, 

so this low yield did not allow calibration and simulation on groundnut to be carried out. 

In view of the results of various experiments with sorghum and groundnuts, the impact 

of the climate was felt on the yields of the varieties studied. This is how the drop in 

rainfall during the dry periods during the experiment was observed with the attacks of 

crops pests (rodents, birds, insects and wildlife) and climatic hazards the yields of the 

crops experienced a drop at the level of the varieties (CSM63E, KIT19, Tiandougoucoura 

and CSM388) and also the two varieties of groundnut which gave a lowest yield with an 

average of 106.9 kg/ha for Fleur 11 and ICVG 26024 of 106.5 kg/ha. These decreases are 

due to the factors mentioned above. 

 

4.3.8 Spatial Simulation of Future Climate Projection of Crop Yield for the 

Different Localities of Kayes Regions in Mali 

Spatial simulation of future climate projection on crop yield was conducted with 

DSSAT model for Kayes regions in Mali from 2015-2099. The technique to use DSSAT 

as a spatial model was evaluated. Regional soil and climate data were prepared and 

simulations for different localities of Kayes regions in Mali have been established.  

Results from projection of crop yields in the Kayes region from 2015-2099 show 

a highest yield in the locality of Bafoulabe with an average of 2792 -3497 kg dry 

matter/ha compared to the other localities followed by Kita which gave 2200-2457 kg 

dry matter/ha, Diema 909-1330 kg/ha, then a drop in return (low yield) was found in the 

Kenieba area of 248-569 kg/ha, Kayes gave 559-909 kg/ha and Yelimané with an average 

of 100-248 kg/ha (Figure 4.37).  
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4.6 Vulnerability of agropastoralists to the impacts of climate change 

The survey involved 355 people, 39% of whom were women and 61% of men, in 

33 villages in 22 communes in 14 circles and 10 regions of Mali (ie 52% fodder rate for 

the regions of Mali). 

The surveys carried out showed that 88% are married persons of which 63% are 

polygamists; 11% are divorced or widowed/widowed and 2% are single (never married). 

As for the education of agropastoralists, 26% have no level of education, 23% have 

attended Arabic school, 11% are literate in local languages, and only 19% have reached 

the higher level. 

4.3.9 Impacts of climate change on production sectors 

4.3.9.1 Perception of agropastoralists on climate variability of the seasons 

The analysis of information collected from agropastoralists on the perception of 

climate variability shows an increased variability of the start date of the rainy season in 

the last 30 year compared to that of now. About 55% of respondents said that the rainy 

season began in May for the past 30 year (Figure 4.38a), while currently it begins in July 

according to 51% of respondents (Figure 4.38(b)). 

According to the results of the analyses of the surveys of agropastoralists, it appears that 

the rainy season could last up to five (05) months in the southern regions of Mali (9%) 

during the last 30 year and four (04) months mentioned by 58% of the surveys (Figure 

4.39(c)). Nowadays, the same people said that the duration is shortened to three months 

(03) according to 55% of people (Figure 4.39 (b)).  
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Figure 4.38. (past)Trend months of rainy seasons (a) and current (b) 
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Figure 4.39. (past) Trend length of rainy seasons (c) and current (d) 
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4.3.9.2 Perception of agropastoralists on natural resources: water points, soil 

condition, vegetation and biodiversity 

The result of the analysis of the surveys of agro-pastoralists revealed that 90% of 

those who responded declared that the current state of the main water points are 

temporary and decreasing in quantity (91%) (Figure 4.40 (a)). Agropastoralists (81%) 

indicated that water points such as wells and ponds are drying up earlier now than in the 

last thirty (30) years. 

Water and wind erosion, according to 67% of agropastoralists surveyed, have negatively 

affected the current state of the soil than in the past. As for soil fertility, 71% of 

agropastoralists said that the soils were more fertile before compared to the current one 

(Figure 4.40(b)). 

Surveys of agropastoralists on vegetation revealed a rate of 88% who declared 

that the current vegetation is less dense than compared to the last thirty (30) years. This 

Figure 4.41(a) show that 65% affirmed that the current biodiversity is very degraded with 

the disappearance of plant species expressed by 59% of those surveyed. These species in 

scientific name are among others: Salvadora persica, Boscia senegalensis, Faidherbia 

albida, Adansonia digitata, Grewia tenax, Maerua crassifolia, Maerua senegalensis, 

Tamarindus indica, Ziziphus, Khaya senegalensis, Vitellaria paradoxa. The varieties and 

species in local languages and scientific name in bracket are: Balanza (Faidherbia albida), 

N'toro (Laggera alata), Doubalén (Canarium schweinfurthii), N'djoun (Mitragyna 

inermis), Bànà, N'gaba, Néré (Parkia biglobosa), Bôjiri, N'galajiri, Boina, Saboye, Dani, 

Guele, Sama-nère (Entada Africana), Ntongue, Sindia, Koronifi (Vitex doniana), Zamba, 

Sounsou (Annona senegalensis), N'gueni. 
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Figure 4.40. Perception of agropastoralists on drying up of water points (wells, ponds) 

(a) and soil fertility (b) 
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The results of the surveys revealed that 61% of agro-pastoralists were victims of at least 

one climate-related disaster and which caused several damages (Figure 4.41 (b)), in 

particular: loss of crops (44%); loss of fields (26%), loss of animals (12%), insufficient 

pasture (5%), farmer-herder conflicts (4%) (Figure 4.42). These various damages 

suffered by agro-pastoralists have been caused by flooding, drought, locusts, erosion, 

wandering animals, low rainfall, insufficient water available for agriculture and for 

breeding. 

4.3.9.3 Impacts of climate change on cropping systems, soil fertility and socio-

economic and natural resources 

Analyses of the results of exchanges carried out with agropastoralists in the field 

compared to the impacts of climate change on agricultural activities highlighted: an 

increase temperature, a change in precipitation patterns, an intensification of extreme 

events such as drought, low rainfall (51%), the strong heat (25%), strong winds. 82% of 

agropastoralists surveyed said that the current sowing date is later than in the past. 

Agropastoralists have announced that these climatic factors are challenges they 

face. Figure 4.42 illustrated that climate change has led agro-pastoralists to modify 

farming and livestock practices: the abandonment of species or varieties cultivated (85%) 

in the past (e.g. Fonio, Sorghum varieties Seguetana, Henriho, Babatassi, Wereno, 

Thiozounou; Bambara groundnut were abandoned because of their long cycle) to adopt 

new species (e.g. Rice-Nerika, Sorghum-Fuladieba, CSM585, Soubatimi and 

Tiandougoucoura) or early varieties adapted as well as new practices (see chapter 

adoption strategies). According to 57% of the agro-pastoralists who responded during the 

surveys, certain varieties of abandoned crops have a long cycle, less resistant (15%) with 

low yield (14%).   
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Figure 4.41. Perception of agropastoralists on state of biodiversity (a) and (b) climate 

related disaster 
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The most practical cropping methods declared in the areas surveyed are: pure 

cropping (36%), intercropping (24%), irrigated cropping (22%), crop rotation (12%) and 

flood recession cropping (6%). The most efficient crops (most profitable) in the current 

context of climate variability and change, 33% of agropastoralists indicated combined 

crop, 25% for irrigated crops, 22% for pure crops, 14% for crop rotation and 7% for flood 

recession crops. The management of soil fertility from the contribution of mineral 

fertilizers such as NPK, urea, phosphate, the contribution of organic matter (compost, 

animal waste, mulching, agroforestry) was declared by 60% of the agropastoralists 

surveyed. 

With regard to techniques on the management of weeds and crop pests, 73% of 

the agropastoralists surveyed declared that they used phytosanitary products (herbicides, 

insecticides, fungicide). Some have used certified seeds, botanical extracts (leaves, neem 

seeds etc.), crop associations, crop rotation, fallowing, slash and burn and integrated pest 

management (natural enemies). 
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4.3.9.4 Access of agropastoralists to climate information and use. 

The surveys carried out among the targets (91%) revealed that access to agro-

meteorological information has helped farmers to better adapt to weather conditions, 

which has reduced climatic risks in agro-pastoral production (Figure 4.44 (a)). 

Agropastoralists had access to information on: 

- seasonal forecasting has enabled better planning of agro-pastoral activities in time 

and space and decision-making; 

- the location of pastures, water points, harvest periods, etc.  

Nearly all 97% testified that climate information is useful and real on agricultural and 

livestock practices. About 68% of agropastoralists said the quality of information is good 

(Figure 4.44(b)). Access to information according to agropastoralists is through the 

following channels: radio (52%), television (29%), projects and non-gornmental 

organizations (10%), agents of State technical services (6%) and resource persons (3%).  

4.3.9.5 Adaptation strategies practiced by agro-pastoralists in the face of climate 

change 

It emerged during field surveys that in the face of climate variability, 85% of agro-

pastoralists have adopted and practice new techniques: 

➢ in agriculture, these are: the use of new varieties of adapted early seeds, the use 

of organic manure (41%) or the spreading of household waste, chemical fertilizer 

(15%) (Urea 46%, Nitrogen 17%, Phosphorus 17%, and Potassium 17%), ridging 

(22%), ploughing (12%), cover plant (11%), Zai (7%), half-moon ploughing 

(5%) and tree planting (5%) (Figure 4.45 (a)), stone cordon for the fight against 

water erosion (13%), crop rotation, crop diversity, flood recession cropping,  
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Figure 4.44. Perception of agropastoralists on access to climate information(a) and 

Appreciation of agropastoralists on the usefulness of climatic information (b) 
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rainwater harvesting. The effects of climate change led 72% of the people surveyed to re-

sow their fields. In order to cope with the effects of runoff and strong winds on crops, 

39% of agropastoralists surveyed said they had adopted tree planting (windbreak). 

➢ in breeding, it is: the cultivation of fodder cowpea for animals, the sowing of 

pastures, the cultivation of forestry cultivation in ponds (Echinochloa stagnina) 

and lowlands for fodder, the storage of straw, the creation of livestock feed 

banks, cattle and sheep fattening. Agropastoralists have taken steps with various 

technical and financial partners to help them in the development of pastoral 

spaces (drilling of pastoral boreholes, materialization of pastoral tracks), the 

construction of livestock feed storage warehouses, animal health support. 

Agropastoralists said they used other types of strategies during periods of household 

food deficit but also during livestock fodder deficit in order to support: 

- the strategies adopted and mentioned in relation to the food deficit in households 

were: market gardening (47%), the sale of animals (31%), petty trade (11%), 

external transfer (6%), exodus (3%), loan or debt (1%), temporary labour, village 

solidarity and aid from projects or NGOs (Figure 4.45(b)). 

- the strategies adopted and mentioned in relation to the fodder deficit of livestock 

focused on: the sale of animals/destocking (53%), loan or debt (27%), 

transhumance (13%), aid from projects and NGOs (5%) and the reduction of the 

food ration (1%). 
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Figure 4.45. Perception of agropastoralists on new land management techniques (a) and 

in case of food deficit (b) 
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4.3.9.6 Proposals for improving the production system of agro-pastoralists in the 

face of climate change involving more agro-pastoralists in the control and 

improvement of their production system in their environment 

The main climate challenges identified during the research work were: 

- droughts, floods, strong winds, strong temperature variations (AEDD, 2010) 

which have impacted on agricultural and livestock activities. 

- A large part of the population is vulnerable to climatic problems and women in 

rural areas; 

- Conflicts between farmers and herders; 

- A change in agricultural and livestock practices; 

- Massive migratory flows from rural areas to town; 

- - Women are more in the majority in Mali, the involvement of this layer is 

important for activities in the context of climate change in agriculture and 

livestock; 

- Added to this is their status as mothers (women) and responsible for the well-

being of the family, which accentuates their vulnerability. 

This is what justifies the present proposals for improving the production system of agro-

pastoralists in the face of climate change. 

Table 4:34 illustrate prioritization of adaptation strategies options, in the total of 14 

adaptation options were selected. However, the option 1 has to be implemented to 

strengthen the resilience of agropastoralists in Mali which is mulching, use of organic 

manure and conservation of crop residues for restoration of soil fertility, ANR (Assisted 

natural regeneration).  
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Table 4:34. Prioritization of adaptation options 

Adaptation options Cost Facility Efficiency Speed Ability Sum Rank 

Mulching, use of 

organic manure, and 

conservation of crop 

residues for restoration 

of soil fertility, ANR 

2 3 3 3 3 14 1st 

Use of early varieties, 

adoption of new species 

or varieties, sowing of 

early or drought-

resistant varieties, 

agroforestry 

3 2 3 1 3 12 3rd 

Use heat resistant 

species/varieties adjust 

plant population 

densities 

3 2 3 2 3 13 2nd 

Popularize and 

institutionalize the agro-

pastoral school field 

approaches (CEAP) and 

or the resilience funds 

for the accompaniment 

and support of agro-

pastoralists, the 

integration of the CEAP 

approach into university 

curricula 

3 2 2 1 3 11 5th 

Improve the efficiency 

of water use, 

improvement of natural 

3 2 2 2 3 12 4th 
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resource management 

rules 

Develop production, 

agricultural processing, 

livestock and fish 

farming infrastructures, 

infrastructures for the 

collection, control and 

recovery of runoff water 

(retention basin, ponds), 

water collection 

techniques and 

equipment for agro-

pastoralists 

3 1 2 1 3 10 6th 

Maintain soil cover to 

reduce water and wind 

erosion, reforestation 

3 1 2 1 2 9 7th 

Raising awareness on 

gender and the impacts 

of climate change 

1 2 2 2 1 8 8th 
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4.3.9.7 Brief description of proposed approaches 

❖ Farmer Field School (CEP) or Agro-Pastoral Field School (CEAP) 

The Farmers' Field School (CEP) or Agro-pastoral Field School (CEAP) which brings 

together 20 to 25 producers, is a meeting and training framework for a group of producers, 

a school "without walls", which takes place in a field, on the site of breeding (fattening) 

throughout a cropping season or the cycle of breeding activity. It is a place for exchanging 

experiences and knowledge where producers who share the same interests, research, 

discuss and make decisions on the management of their experimentation (fields, animals) 

based on their real situation. 

The field school for producers gives producers the opportunity to learn by doing, 

by being involved in experimentation, discussions and decision-making (experiential 

learning); 

equips producers with tools to analyse their practices and identify solutions to their 

problems; 

The CEP and CEAP values the producer's expertise and puts it at the centre of all the 

stages of the training: the diagnosis of the problems, the identification and 

experimentation of the best solutions, the evaluation of the results obtained, and the post-

CEP actions.  

❖ Resilience Fund (CdR) 

The Caisses de Résilience (CdR) approach is centered on agro-pastoral 

communities, made up of men and women (groups of 20-30 members) that connects and 

integrates productive, financial and social activities. This approach promotes the 

empowerment and commitment of communities in the application of good agricultural, 

nutritional, environmental, economic and social practices thanks to a system of 

conditionality which makes it possible to achieve long-term objectives through activities 
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with short-term impacts. The Resilience Funds apply particularly well to women's 

associations, allowing them a certain form of empowerment as well as recognition within 

the community for both their economic and social roles. 

For all, the approach enables communities to fully exploit their existing capacities and 

have different options (productive, financial and social) to better anticipate, react to and 

adapt to risks and crises related to rural living conditions. 

 

  



171 

 

                 CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

At the end of this doctoral research, the results of the field research have made it 

possible to achieve the three research objectives. These results were acquired by 

experimental practical work in the field, in the laboratory in Mali but also in Germany 

through interactions with the various supervisors at the level of FUTA, Mali and 

Germany. The analysis carried out on the three objectives gave results which are available 

to the scientific and rural world. 

For objective 1, which is to examine the impact of climate change on agro-pastoral 

activities in Mali, the research work led to the following conclusions: 

The analysis of rainfall accumulations shows the interannual variability in the 1960-2020 

series and a downward trend of (13mm) with rainfall variability in the 1960-2020 series 

in the different regions (Ségou, Sikasso and Bamako district) of Mali. Indeed, these 

climatic disturbances generally translate into late beginnings and early ends of the rainy 

season, shortening of the rainy seasons in recent decades and frequent drought year have 

been observed since the1968. There were significant rainfall deficits with the year 1970, 

1976, 1980 until the year 1990 and 2000 considered as year of great drought in the 

different regions of Mali. 

However, it indicates an upward trend in temperatures in the three regions of Mali with 

an average (36°C) with an increase of (0.40°C) for the 1960-2020 series. 

The climatic projection of average annual precipitation in the different regions of Mali 

(Sikasso, Kolondieba, Ségou, Niono and Bamako) during the period 2021 to 2050 and 

2070 to 2100 under the scenarios (SSP2-4.5 and SSP5-8.5) highlights according to the 

studies, a general downward trend observed as well as inter-annual variability. 
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As a result, the mean annual temperatures under scenarios SSP4.5 and SSP8.5 showed 

an increasing temperature trend which is statistically significant for both scenarios 

(SSP4.5 and SSP5-8.5). This upward trend is higher and significant at the level of (0.001 

significant) for the SSP5-8.5 scenario. 

According to the scenario SSP2-4.5 for the period 2021-2050, the average annual 

increase in temperature is 0.13°C in the three localities (Ségou, Sikasso and Bamako) and 

0.15°C in Niono. Compared to the scenario SSP5-8.5 the temperature increase trend is 

0.44°C in Ségou, 0.41°C in Sikasso 0.43°C in Bamako and 0.42°C in Kolondieba. The 

scenario SSP2-4.5 for the period 2070-2100 the upward trend in annual average 

temperatures is 0.16°C in Ségou, 0.29°C in Sikasso, 0.32°C in Bamako and 0.31 °C in 

Kolondieba. On the other hand, for the scenario SSP5-8.5 the upward trend is 0.51°C in 

Ségou, 0.45°C in Sikasso, 0.43°C in Bamako, 0.51°C, 0.46°C in Kolondieba and 0.55°C 

in Niono. 

For objective 2, which is to evaluate the potential impacts of climate change on 

crop yields (sorghum and groundnut) in Mali; The research led to the following 

conclusions: 

Experimental trials focused on six varieties of sorghum (CSM63E, CSM388, DT-15, 

KIT19, Tiandougou-Coura and Soubatimi) and two varieties of groundnut (ALLASSON 

Fleur 11 and ICVG 26024) for the period of 2021. The field research studies have led to 

the conclusion that with respect to sowing date and trial planting conditions, the DT-15 

genotype and sobatimi gave the best grain yields, however the best 1000 grain weight 

was observed at CSM388.  

Both groundnut varieties recorded low yields compared to their estimated potential, for 

example for Fleur 11 at 1300-1400 pod weight and 500-550 1000 grain weight. A 

coefficient of variation of 10.2% and an average of 770 kg/ha, the ICVG 26024 variety 
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gave the best pod yield (776 kg/ha) and the lowest Fleur 11 (764 kg/ha). This drop in 

yield can be explained through the experimental approach adopted in the research, which 

was based on organic production without the addition of chemical fertilizers and organic 

manure. Added to this is a pocket of drought observed between August and September 

2021 with 23 dry days of rain, (i.e. 38%) of non-rainy days for the period. 

According to the yield of the simulated crops, it indicates a low yield with an average 

(9761Kg/ha) and 17% for the 5 varieties (CSM388, DT15, KIT19, Soubatimi and 

Tiandougou-coura). On the other hand, the CSM63E gave a better yield of (10141kg/ha) 

and (17%). It appears from the statistical analysis of grain yield (1000grains) a higher 

yield of (3449kg/ha) found for the genotype of 5 varieties (CSM388, DT15, KIT19, 

Soubatimi and Tiandougou-coura) with 18% unlike CSM63E which has the lowest yield 

(1694kg/ha) with 10%. 

For objective 3, which is to assess the vulnerability of agro-pastoralists to climate 

change, the research work has led to the following conclusions 

It became clear that agropastoralists in Mali perceive climate changes in precipitation, 

temperature and high wind patterns and the impact of these on their activities. Agriculture 

and livestock, the main activities of agropastoralists, are experiencing an unprecedented 

crisis. It emerges from the impacts of climate change on agricultural activities: a rise in 

temperatures, a change in precipitation patterns, an intensification of extreme events such 

as drought, low rainfall (51%), high heat (25%), strong winds, 82% of agropastoralists 

surveyed said that the current sowing date is later than in the past. 

Production and income from agricultural activity are significantly down compared 

to previous year. Pasture surfaces are reduced because they are threatened by soil erosion. 

Water resources dry up quickly and undergo the phenomenon of silting up and the water 

tables deepen. The natural vegetation is degraded, some very rich plant species eaten by 
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animals have completely disappeared because they can no longer adapt to these current 

climatic conditions. 

Faced with the effects of climate change, agropastoralists have developed adaptation 

strategies to guard against climatic hazards and manage their livestock capital. 

Adaptation strategies relating to the improvement of agricultural production, the 

management of water resources and vegetation have been proposed. These include the 

use of organic manure, and the conservation of crop residues for the restoration of soil 

fertility, mulching, use of early varieties, adoption of new species or varieties, sowing of 

early varieties or resistant to drought, agroforestry, maintaining soil for to reduce water 

and wind erosion, reforestation. 

 

5.2 Recommendations  

At the end of this study, some recommendations were proposed to development 

institutions. These recommendations go particularly to: Ministries of Agriculture and 

Environment. 

(i) Raising awareness on gender and the impacts of climate change 

(ii) Develop production, agricultural processing, livestock and fish farming 

infrastructures, infrastructures for the collection, control and recovery of runoff 

water (retention basin, ponds), water collection techniques and equipment for 

agro-pastoralists; 

(iii) Improve water use efficiency, improvement of natural resource management 

rules; 

(iv)  Use heat resistant species/varieties adjust plant population densities; 
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(v) Popularize and institutionalize the agro-pastoral school field approaches (CEAP) 

and or the resilience funds for the accompaniment and support of agro-

pastoralists, the integration of the CEAP approach in university curricula; 

(vi)  Build social infrastructure in the area and further involve decision-makers, 

research structures, producer organizations and NGOs in studies of vulnerability 

and adaptation to climate variability and change; 

(vii) Support agriculture adapted to climate variations and change and strengthen the 

capacity of vulnerable communities to adapt to climate change; 

(viii) Encourage conservation agriculture which could help cope with climate 

fluctuations; 

(ix)  Provide subsidies (credits, inputs, etc.) to rural communities and allow better 

access to regional markets and trade capacity building, then involve vulnerable 

agricultural populations. 

Contribution to Knowledge 

The results of this work will make it possible to contribute, on the one hand, to 

enriching the scientific work of researchers and, on the other hand, to lay the foundations 

for improving the production system of agro-pastoralists in the face of climate change 

through research proposals, - actions involving more agro-pastoralists in the control and 

improvement of their production system in their environment. 

- Improve understanding of the impact of climate change on agro-pastoralists in 

West Africa in general and in Mali in particular; 

- Provide a scientific and technical contribution that has made it possible to better 

understand and take into account climate risk when developing adaptation 

measures planned for agro-pastoralists, 
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- The research work made it possible to determine the genetic coefficients of four 

varieties of sorghum whose genetic coefficients were not known in the research 

activities with the Dssat: DT-15, KIT19, Soubatimi and TiandougouCoura. These 

coefficients were determined from experimental work that was carried out in the 

field during the 2021 agricultural campaign at the Sotuba agronomic research 

center. 



177 

 

CHAPTER SIX: REFERENCES 

References 

Aderibigbe. (2018). Effect of seed source and post-harvest handling techniques on seed 

quality and yield of soybean. Energies, 6(1), 1–8. 

http://journals.sagepub.com/doi/10.1177/1120700020921110%0Ahttps://doi.org/1

0.1016/j.reuma.2018.06.001%0Ahttps://doi.org/10.1016/j.arth.2018.03.044%0Ahtt

ps://reader.elsevier.com/reader/sd/pii/S1063458420300078?token=C039B8B1392

2A2079230DC9AF11A333E295FCD8 

Adzitey, F., Courage, S., Kosi, S., Deli, R. A., Box, P. O., & Division, F. T. (2014). 

Ghana Journal of Science, Technology and Development. 1(1), 1–10. 

AEDD. (2011). Politique Nationale sur les Changements Climatiques. In Revue 

internationale de droit comparé (Vol. 41, Issue 4). 

https://doi.org/10.3406/ridc.1989.1865 

Akinnagbe, O. M., & Baiyeri, K. P. (2011). Training needs analysis of lecturers for 

information and communication technology (ICT) skills enhancement in faculty of 

agriculture, University of Nigeria, Nsukka. African Journal of Agricultural 

Research, 6(32), 6635–6646. https://doi.org/10.5897/ajar11.1233 

Akinseye, F. M., Adam, M., Agele, S. O., Hoffmann, M. P., Traore, P. C. S., & 

Whitbread, A. M. (2017). Assessing crop model improvements through comparison 

of sorghum (sorghum bicolor L. moench) simulation models: A case study of West 

African varieties. Field Crops Research, 201, 19–31. 

https://doi.org/10.1016/j.fcr.2016.10.015 

Almazroui, M., Saeed, F., Saeed, S., Islam, M. N., & Ismail, M. (2020). Projected Change 

in Temperature and Precipitation Over Africa from CMIP6. Earth Systems and 

Environment, 4(3), 455–475. https://doi.org/10.1007/s41748-020-00161-x 

Amadou, D., & Diakarya, B. (2021). Analysis of the evolution of agroclimatic risks in a 

context of climate variability in the region of Segou in Mali. Statistics Methodology, 

1–25. http://arxiv.org/abs/2106.12571 

And, M. A. A., & Koohafkan, P. (2008). Enduring Farms: Climate Change, Smallholders 

and Traditional Farming Communities. Environment & Development Series 6, 1–

72. www.twnside.org.sg%0A© 

Appleyard, R. K. (1985). Commission of the European Communities. In Liebaers H., 



178 

 

Haas W.J., Biervliet W.E. (eds) New Information Technologies and Libraries. 

Springer, Dordrecht. https://doi.org/10.1007/978-94-009-5452-6_3 

Apriliani, I. M., Purba, N. P., Dewanti, L. P., Herawati, H., & Faizal, I. (2021). 

Connaissances, attitudes et pratiques des professionnels de la santé sur l’infection à 

COVID-19 au Mali. Citizen-Based Marine Debris Collection Training: Study Case 

in Pangandaran, 2(1), 56–61. 

Aune, J. B., Coulibaly, A., & Giller, K. E. (2017). Precision farming for increased land 

and labour productivity in semi-arid West Africa. A review. Agronomy for 

Sustainable Development, 37(3). https://doi.org/10.1007/s13593-017-0424-z 

Ayugi, B., Ngoma, H., Babaousmail, H., Karim, R., Iyakaremye, V., Lim Kam Sian, K. 

T. C., & Ongoma, V. (2021). Evaluation and projection of mean surface temperature 

using CMIP6 models over East Africa. Journal of African Earth Sciences, 

181(April), 104226. https://doi.org/10.1016/j.jafrearsci.2021.104226 

Balehegn, M. (2015). Unintended consequences: The ecological repercussions of land 

grabbing in Sub-Saharan Africa. Environment, 57(2), 4–21. 

https://doi.org/10.1080/00139157.2015.1001687 

Balme, M. (2005). au Sahel : variabilité aux échelles. 16(1), 15–22. 

Behrendt, C. (2006). The Cotton Sector in Mali : Realising its Growth Potential. October, 

30. 

Beyene, A. N. (2015). Precipitation and Temperature Trend Analysis in Mekelle city, 

Northern Ethiopia, the Case of Illala Meteorological Station. Journal of Earth 

Science & Climatic Change, 07(01), 46–52. https://doi.org/10.4172/2157-

7617.1000324 

Bhati, K. T., Kumar, S., Haileslassie, A., & Whitbread, A. M. (2017). Assessment of 

agricultural technologies for Dryland systems in South Asia: a case study of Western 

Rajasthan, India. http://oar.icrisat.org/10837 

Bokar, H., Mariko, A., Bamba, F., Diallo, D., Kamagaté, B., Dao, A., Soumare, O., & 

Kassogue, P. (2012). Impact of Climate Variability on Groundwater Resources in 

Kolondieba Catchment Basin , Sudanese Climate Zone In Mali. Ijera, 2(5), 1201–

1210. 

Bokonda, P. L., Ouazzani-Touhami, K., & Souissi, N. (2020). A Practical Analysis of 

Mobile Data Collection Apps. International Journal of Interactive Mobile 

Technologies, 14(13), 19–35. https://doi.org/10.3991/ijim.v14i13.13483 

Bougara, H., Hamed, K. B., Borgemeister, C., Tischbein, B., & Kumar, N. (2020). 



179 

 

Analyzing trend and variability of rainfall in the Tafna Basin (Northwestern 

Algeria). Atmosphere, 11(4), 1–24. https://doi.org/10.3390/atmos11040347 

Bruce Langdon, A. (1992). On enforcing Gauss’ law in electromagnetic particle-in-cell 

codes. Computer Physics Communications, 70(3), 447–450. 

https://doi.org/10.1016/0010-4655(92)90105-8 

Bucini, G., & Lambin, E. F. (2002). Fire impacts on vegetation in Central Africa: A 

remote-sensing-based statistical analysis. Applied Geography, 22(1), 27–48. 

https://doi.org/10.1016/S0143-6228(01)00020-0 

C Goossens, A. B. (1987). Abrupt Climatic Change: Evidence and Implications. 

https://books.google.com.ng/books?hl=fr&lr=&id=MAvk4Ewxl6wC&oi=fnd&pg

=PA31&dq=Goosens,+C.+and+A.+Berger,+1987:+How+to+recognize+na+abrupt

+climate+change%3F.+Abrupt+Climate+Change.+Evidence+and+Implications,+

W.+H.+Berger+and+L.+D.+Labeyrie+Ed.,+D.+Reidel,+ 

Chargui, S., Jaberi, A., Cudennec, C., Lachaal, F., Calvez, R., & Slimani, M. (2018). 

Statistical detection and no-detection of rainfall change trends and breaks in 

semiarid Tunisia—50+ years over the Merguellil agro-hydro-climatic reference 

basin. Arabian Journal of Geosciences, 11(21). https://doi.org/10.1007/s12517-018-

4001-9 

Chen, C., Baethgen, W. E., & Robertson, A. (2013). Contributions of individual variation 

in temperature, solar radiation and precipitation to crop yield in the North China 

Plain, 1961-2003. Climatic Change, 116(3–4), 767–788. 

https://doi.org/10.1007/s10584-012-0509-2 

Chiaka DIALLO et al. (2022). Mots-clés : évaluation participative, sorgho, traits 

préférences des producteurs, Tomian. Rev. Ivoir. Sci. Technol, 40(1813–3290), 355–

367. http://www.revist.ci 

Christin, T., & Hug, S. (2012). Federalism, the geographic location of groups, and 

conflict. In Conflict Management and Peace Science (Vol. 29, Issue 1). 

https://doi.org/10.1177/0738894211430280 

Çiçek, İ., & Duman, N. (2015). Seasonal and Annual Precipitation Trends in Turkey. 

Carpathian Journal of Earth and Environmental Sciences, 10(2), 77–84. 

Clarke, A., & Gaston, K. J. (2006). Climate, energy and diversity. Proceedings of the 

Royal Society B: Biological Sciences, 273(1599), 2257–2266. 

https://doi.org/10.1098/rspb.2006.3545 

Conant, R. T., & Paustian, K. (2002). Spatial variability of soil organic carbon in 



180 

 

grasslands: Implications for detecting change at different scales. Environmental 

Pollution, 116(SUPPL. 1), 127–135. https://doi.org/10.1016/S0269-

7491(01)00265-2 

Coops, A. J. (1992). Analysis of temperature series in Europe in relation to the detection 

of the enhanced greenhouse effect. Theoretical and Applied Climatology, 46(2–3), 

89–98. https://doi.org/10.1007/BF00866088 

Coulibaly O, Kone AK, Niaré-Doumbo S, Goïta S, Gaudart J, D. A. (2016). 

Dermatophytosis among Schoolchildren in Three Eco-climatic Zones of Mali. Plos 

Computational Biology. 

https://doi.org/https://doi.org/10.1371/journal.pntd.0004675.g001 

Daba, M. H. (2018). Agro Climatic Characterization in the Selected Woredas of Western 

Oromia, Ethiopia. Journal of Earth Science & Climatic Change, 09(03). 

https://doi.org/10.4172/2157-7617.1000455 

de Vries, W., Dobbertin, M. H., Solberg, S., van Dobben, H. F., & Schaub, M. (2014). 

Impacts of acid deposition, ozone exposure and weather conditions on forest 

ecosystems in Europe: An overview. Plant and Soil, 380(1), 1–45. 

https://doi.org/10.1007/s11104-014-2056-2 

Debela, N. E. (2017). Adaptation to Climate Change in Pastoral and Agropastoral 

Systems of Borana, Southern Ethiopia (Issue February). University of Tasmania. 

Debela, N., Mohammed, C., Bridle, K., Corkrey, R., & Mcneil, D. (2015). Perception of 

climate change and its impact by smallholders in pastoral / agropastoral systems of. 

???, July. https://doi.org/10.1186/s40064-015-1012-9 

DeFries, R., Fanzo, J., Remans, R., Palm, C., Wood, S., & Anderman, T. L. (2015). 

Metrics for land-scarce agriculture. Science, 349(6245), 238–240. 

https://doi.org/10.1126/science.aaa5766 

Descheemaeker, K., Zijlstra, M., Masikati, P., Crespo, O., & Homann-Kee Tui, S. (2018). 

Effects of climate change and adaptation on the livestock component of mixed 

farming systems: A modelling study from semi-arid Zimbabwe. Agricultural 

Systems, 159(October 2016), 282–295. https://doi.org/10.1016/j.agsy.2017.05.004 

Dhorde, A. G., & Zarenistanak, M. (2013). Three-way approach to test data 

homogeneity : An analysis of temperature and precipitation series over southwestern 

Islamic Republic of Iran. J. Ind. Geophys. Union, 17(3), 233–242. 

Diedhiou, A., Bichet, A., Wartenburger, R., Seneviratne, S. I., Rowell, D. P., Sylla, M. 

B., Diallo, I., Todzo, S., Touré, N. E., Camara, M., Ngatchah, B. N., Kane, N. A., 



181 

 

Tall, L., & Affholder, F. (2018). Changes in climate extremes over West and Central 

Africa at 1.5 °c and 2 °c global warming. Environmental Research Letters, 13(6). 

https://doi.org/10.1088/1748-9326/aac3e5 

Dotse, S., Larbi, I., Limantol, A. M., Asare-nuamah, P., Frimpong, L. K., Alhassan, A. 

M., Sarpong, S., Angmor, E., & Ayisi-addo, A. K. (2023). Rainfall Projections from 

Coupled Model Intercomparison Project Phase 6 in the Volta River Basin : 

Implications on Achieving Sustainable Development. Sustainability, 2023, 15, 

1472, 1–17. https://doi.org/https:// doi.org/10.3390/su15021472 Academic 

Douguedroit, A. (1980). La sécheresse estivale dans la région Provence — Alpes — Côte 

d’Azur. Méditerranée, 39(2), 13–21. https://doi.org/10.3406/medit.1980.1936 

Douguedroit, A. (1990). Spécificité et variations de la sécheresse le long du littoral 

méditerranéen français / Specificity and variations of dryness along the French 

Mediterranean coast. Revue de Géographie de Lyon, 65(2), 123–128. 

https://doi.org/10.3406/geoca.1990.5722 

Ebine, S. A. (2019). The Roles of Griots in African Oral Tradition among the Manding. 

Approaches in International Journal of Research Development, 11(1), 1–10. 

Eitzinger, A., Läderach, P., Rodriguez, B., Fisher, M., Beebe, S., Sonder, K., & Schmidt, 

A. (2017). Assessing high-impact spots of climate change: spatial yield simulations 

with Decision Support System for Agrotechnology Transfer (DSSAT) model. 

Mitigation and Adaptation Strategies for Global Change, 22(5), 743–760. 

https://doi.org/10.1007/s11027-015-9696-2 

Erwin, K. L. (2009). Wetlands and global climate change : the role of wetland restoration 

in a changing world. 71–84. https://doi.org/10.1007/s11273-008-9119-1 

Escarcha, J. F., Lassa, J. A., & Zander, K. K. (2018). Livestock under climate change: A 

systematic review of impacts and adaptation. Climate, 6(3), 1–17. 

https://doi.org/10.3390/cli6030054 

FAO, WFP, I. (2012). The State of Food Insecurity in the World Economic growth is 

necessary but not suficient to accelerate reduction of hunger and malnutrition. 

FAO. (2010). Sierra Leone: Ministers Dismissed. Electronic Publishing Policy and 

Support Branch Communication Division FAO, 46(11), 18481C-18482C. 

https://doi.org/10.1111/j.1467-6346.2009.02662.x 

FAO. (2011). The State of Food and Agriculture. In Office of Knowledge Exchange, 

Research and Extension FAO. FOOD AND AGRICULTURE ORGANIZATION 

OF THE UNITED NATIONS. https://doi.org/10.1109/PVSC.2008.4922754 



182 

 

FAO. (2017). Country Fact Sheet on Food and Agriculture Policy Trends 

(I7617EN/1/07.17, Vol. 3, Issue July). www.fao.org/in-action/fapda 

FAO. (2019). Climate change and the global dairy cattle sector – The role of the dairy 

sector in a low-carbon future. the Food and Agriculture Organization of the United 

Nations and Global Dairy Platform Inc. Rome, 2019. licence: CC BY-NC-SA- 3.0 

IGO%0AThe 

G. R. Demarree. (1990). Quart J Royal Meteoro Soc - January 1990 Part A - Demaree - 

Onset of sahelian drought viewed as a fluctuation‐induced.pdf. Hydrological 

Sciences Journal, 48(3), 116, pp. 221–238. 

Gabriel, B. (1987). Palaeoecological evidence from neolithic fireplaces in the Sahara. 

The African Archaeological Review, 5(1), 93–103. 

https://doi.org/10.1007/BF01117085 

Gitz, V., Meybeck, A., Lipper, L., Young, C., & Braatz, S. (2016). Climate change and 

food security: Risks and responses. In Food and Agriculture Organization of the 

United Nations. https://doi.org/10.1080/14767058.2017.1347921 

Godde, C. M., Mason-D’Croz, D., Mayberry, D. E., Thornton, P. K., & Herrero, M. 

(2021). Impacts of climate change on the livestock food supply chain; a review of 

the evidence. Global Food Security, 28(October 2020), 100488. 

https://doi.org/10.1016/j.gfs.2020.100488 

Gonin, A. (2016). Herders coping with territorialization of space: Rethinking pastoral 

land tenure in West Africa. Annales de Geographie, 2016(707), 28–50. 

https://doi.org/10.3917/ag.707.0028 

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J., Willett, K., & Wiltshire, A. (2010). 

Implications of climate change for agricultural productivity in the early twenty-first 

century. 2973–2989. https://doi.org/10.1098/rstb.2010.0158 

Hage, J., & Hage, J. (2014). Philosophy of law. Introduction to Law, 9783319069(84), 

313–335. https://doi.org/10.1007/978-3-319-06910-4_14 

Hallett, N. (2018). General Introduction. Lives of Spirit, 1–29. 

https://doi.org/10.4324/9781315592763-1 

Harvell, C. D., Mitchell, C. E., Ward, J. R., Altizer, S., Dobson, A. P., Ostfeld, R. S., & 

Samuel, M. D. (2002). 2002 Harvell Et Al Climate Warming.Pdf. In Science (Vol. 

296, pp. 2158–2162). 

Hereher, M. E. (2011). The Sahara: A desert of change. Sand Dunes: Ecology, Geology 

and Conservation, October, 101–114. 



183 

 

Hopkins, A., & Del Prado, A. (2007). Implications of climate change for grassland in 

Europe: Impacts, adaptations and mitigation options: A review. Grass and Forage 

Science, 62(2), 118–126. https://doi.org/10.1111/j.1365-2494.2007.00575.x 

ICRISAT. (2020a). Millets and Sorghum: Forgotten Foods for the Future. International 

Crops Research Institute for the Semi-Arid Tropics. https://www.icrisat.org/millets-

and-sorghum-forgotten-foods-for-the-future/ 

ICRISAT. (2020b). Upscaling improved groundnut varieties – Ghana & Mali. 2019–

2020. https://knowledge4food.net/research-project/upscaling-improved-groundnut-

varieties-ghana-and-mali/ 

Iglesias, A., Garrote, L., Flores, F., & Moneo, M. (2007). Challenges to manage the risk 

of water scarcity and climate change in the Mediterranean. Water Resources 

Management, 21(5), 775–788. https://doi.org/10.1007/s11269-006-9111-6 

Ike, I. F. (1986). Soil and crop responses to different tillage practices in a ferruginous soil 

in the Nigerian savanna. Soil and Tillage Research, 6(3), 261–272. 

https://doi.org/10.1016/0167-1987(86)90460-5 

IPCC. (2007a). Christensen, J.H., Hewitson, B., Busuioc, A., Chen, A., gao, x., Held, I., 

Jones, R., Kolli, R.K., Kwon, W.-T., laprise, R., Magaña Rueda, V., Mearns, l., 

Menéndez, C.g., Räisänen, J., Rinke, A., Sarr, A. & Whetton, P. Regional Climate 

Projections. In Cli. 

IPCC. (2007b). Climate Change 2007: Synthesis Report. Contribution of Working 

Groups I, II and III to the Fourth Assess- ment Report of the Intergovernmental 

Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. 

(eds.)]. In IPCC. https://doi.org/10.1038/446727a 

IPCC. (2014a). Climate Change 2014: Synthesis Report. Contribution of Working 

Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel 

on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer 

(eds.)].rmany), Ismail Elgizouli (Sudan), . IPCC, Geneva, Switxerland: Kristin 

Seyboth (USA), 151. https://www.ipcc.ch/pdf/assessment-

report/ar5/syr/AR5_SYR_FINAL_Front_matters.pdf 

IPCC. (2014b). Part A: Global and Sectoral Aspects. (Contribution of Working Group II 

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change). 

In Climate Change 2014: Impacts, Adaptation, and Vulnerability. 

https://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-

FrontMatterA_FINAL.pdf 



184 

 

Iyakaremye, V., Zeng, G., Siebert, A., & Yang, X. (2021). Contribution of external 

forcings to the observed trend in surface temperature over Africa during 1901–2014 

and its future projection from CMIP6 simulati ons. Atmospheric Research, 

254(February), 105512. https://doi.org/10.1016/j.atmosres.2021.105512 

Jackson, C., Nkhasi-Lesaoana, M., & Mofutsanyana, L. (2021). Rapid data collection for 

the audit of monuments & memorials in south africa. International Archives of the 

Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS 

Archives, 46(M-1–2021), 313–320. https://doi.org/10.5194/isprs-Archives-XLVI-

M-1-2021-313-2021 

Janicot, S., Moron, V., & Fontaine, B. (1996). Sahel droughts and ENSO dynamics. 

Dynamics. Geophysical Research Letters, 23(5), 515–518. 

https://doi.org/http://dx.doi.org/10.1029/96GL00246; doi:10.1029/96GL00246 

Josef Schmidhuber, & Tubiello, F. N. (2016). Food security under climate change. Nature 

Climate Change, 6(1), 10–13. 

Kaminski, J., A. Elbehri,  and M. S. (2013). An assessment of sorghum and millet in Mali 

and implications for competitive and inclusive value chains. Rebuilding West 

Africa’s Food Potential: Policies and Market Incentives for Smallholder-Inclusive 

Food Value Chains, 481–501. 

Kampmann, W., & Kirui, O. K. (2021). Working Paper 205 (ISSN 1864-6638, Issue 

February). 

Khoddami, A., Messina, V., Vadabalija Venkata, K., Farahnaky, A., Blanchard, C. L., & 

Roberts, T. H. (2021). Sorghum in foods: Functionality and potential in innovative 

products. Critical Reviews in Food Science and Nutrition, 63(9), 1170–1186. 

https://doi.org/10.1080/10408398.2021.1960793 

Koohafkan, P., & Altieri, M. A. (2011). Globally important agricultural heritage systems: 

a legacy for the future. Food and Agriculture Organization of the United Nations, 

41. 

http://www.fao.org/fileadmin/templates/giahs/PDF/GIAHS_Booklet_EN_WEB20

11.pdf 

Kouassy, K. P. S., Ndam, N. J.-R., Kpoumie, A., Fouepe, T. A., & Mvondo, O. J. (2016). 

Analysis of Climate Variability and Its Influence on the Hydrological Response of 

the Catchment Area of Kadey (East Cameroon). International Journal of 

Geosciences, 07(04), 539–547. https://doi.org/10.4236/ijg.2016.74041 

Lal, R. (1989). Agroforestry systems and soil surface management of a tropical alfisol: 



185 

 

Agroforestry Systems, 8(3), 217–238. https://doi.org/10.1007/bf00129650 

Lamb, P. J. (1983). Sub‐saharan rainfall update for 1982; continued drought. Journal of 

Climatology, 3(4), 419–422. https://doi.org/10.1002/joc.3370030410 

Landry Régis Martial IZANDJI OWOWA et al. (2017). Détermination et analyse des 

dates de début et de fin des saisons de pluies de 1979 à 2012 dans la partie Nord de 

Madagascar Résumé. Afrique SCIENCE, 13(4), 190–206. 

Laris, P. (2011). Humanizing savanna biogeography: Linking human practices with 

ecological patterns in a frequently burned savanna of Southern Mali. Annals of the 

Association of American Geographers, 101(5), 1067–1088. 

https://doi.org/10.1080/00045608.2011.560063 

Lebel, T., & Ali, A. (2009). Recent trends in the Central and Western Sahel rainfall 

regime (1990-2007). Journal of Hydrology, 375(1–2), 52–64. 

https://doi.org/10.1016/j.jhydrol.2008.11.030 

Lebel, T., Diedhiou, A., & Laurent, H. (2003). Seasonal cycle and interannual variability 

of the Sahelian rainfall at hydrological scales. Journal of Geophysical Research: 

Atmospheres, 108(8), 1–11. https://doi.org/10.1029/2001jd001580 

Lin, S., Chou, Y., & Shieh, H. (2013). Pepper (Capsicum spp.) Germplasm Dissemination 

by AVRDC–The World Vegetable Center: an Overview and Introspection. 

Chronica …, 53(3), 21–27. 

http://www.researchgate.net/publication/256666956_Pepper_(Capsicum_spp.)_Ge

rmplasm_Dissemination_by_AVRDC__The_World_Vegetable_Center_an_Overvi

ew_and_Introspection/file/72e7e5239487c1d0de.pdf 

Lobell, D.B, Schenker, W. E. C. – R. (2011). Climate Trends and Global Crop Production 

Since 1980. New York, 616–20. https://doi.org/10.1126/science.1204531 

Lodhi, A. Y. (1990). The language situation in Switzerland:. An updated survey. Lingua, 

80(2–3), 109–148. https://doi.org/10.1016/0024-3841(90)90018-G 

Lukas Rüttinger, Dan Smith, Gerald Stang, Dennis Tänzler,  and J. V. (2015). A New 

Climate for Peace : Taking Action on Cliamte and Fragility Risks. https://climate-

diplomacy.org/new-climate-peace-darfur 

M Thenmozhi, & S V Kottiswaran. (2016). Analysis of Rainfall Trend Using Mann– 

Kendall Test and the Sen’S Slope Estimator in Udumalpet of Tirupur District in 

Tamil Nadu. International Journal of Agricultural Science and Research (IJASR), 

6(2), 131–138. http://www.tjprc.org/view-archives.php 

Mafie, G. K. (2022). The Impact of Climate Change on Agricultural Productivity in 



186 

 

Tanzania. In International Economic Journal (Vol. 36, Issue 1). 

https://doi.org/10.1080/10168737.2021.2010229 

Mainguy, C. (2011). Natural resources and development: The gold sector in Mali. 

Resources Policy, 36(2), 123–131. https://doi.org/10.1016/j.resourpol.2010.10.001 

Mallakpour, I., & Villarini, G. (2016). A simulation study to examine the sensitivity of 

the Pettitt test to detect abrupt changes in mean. Hydrological Sciences Journal, 

61(2), 245–254. https://doi.org/10.1080/02626667.2015.1008482 

Mertz, O., Mbow, C., Reenberg, A., & Diouf, A. (2009). Farmers’ perceptions of climate 

change and agricultural adaptation strategies in rural sahel. Environmental 

Management, 43(5), 804–816. https://doi.org/10.1007/s00267-008-9197-0 

Mitra, S. (2017). Terrain fertile pour les conflits au Mali : changement climatique et 

surexploitation des ressource. www.planetarysecurityinitiative.org 

Moretti, S., Cecchini, F., Serra, M. C., & Pulicati, M. (2004). Analysis of the Effects of 

Climate Change on Three Vine. June. https://doi.org/10.11648/j.ijber.20221103.19 

Mougin, E., Hiernaux, P., Kergoat, L., Grippa, M., de Rosnay, P., Timouk, F., Le Dantec, 

V., Demarez, V., Lavenu, F., Arjounin, M., Lebel, T., Soumaguel, N., Ceschia, E., 

Mougenot, B., Baup, F., Frappart, F., Frison, P. L., Gardelle, J., Gruhier, C., … 

Mazzega, P. (2009). The AMMA-CATCH Gourma observatory site in Mali: 

Relating climatic variations to changes in vegetation, surface hydrology, fluxes and 

natural resources. Journal of Hydrology, 375(1–2), 14–33. 

https://doi.org/10.1016/j.jhydrol.2009.06.045 

Naab, J., Bationo, A., Wafula, B. M., Traore, P. S., Zougmore, R., Ouattara, M., Tabo, 

R., & Vlek, P. L. G. (2012). African Perspectives on Climate Change and 

Agriculture: Impacts, Adaptation and Mitigation Potential. 85–106. 

https://doi.org/10.1142/9781848169845_0006 

Nampa, I. W., Mudita, I. W., Riwu Kaho, N. P. L. B., Widinugraheni, S., & Lasarus 

Natonis, R. (2020). The KoBoCollect for Research Data Collection and 

Management (An experience in Researching the Socio-Economic Impact of Blood 

Disease in Banana). SOCA: Jurnal Sosial, Ekonomi Pertanian, 14(3), 545. 

https://doi.org/10.24843/soca.2020.v14.i03.p15 

Nath, P. K., & Behera, B. (2011). A critical review of impact of and adaptation to climate 

change in developed and developing economies. Environment, Development and 

Sustainability, 13(1), 141–162. https://doi.org/10.1007/s10668-010-9253-9 

Negash, A., & Niehof, A. (2004). The significance of enset culture and biodiversity for 



187 

 

rural household food and livelihood security in southwestern Ethiopia. Agriculture 

and Human Values, 21(1), 61–71. 

https://doi.org/10.1023/B:AHUM.0000014023.30611.ad 

NEPAD. (2013). Agriculture in Africa _Transformation and outlook. In African 

agriculture, transformation and outlook. NEPAD (Vol. 11, Issue 1). www.nepad.org 

Ngwuta, A. A., Peter-Onoh1, C. A., Awurum2, A. N., Ogoke1, I. J., Okoli3, E. E., Orji1, 

J. O., and Eze4, C. C. (2016). Trial Error and outlier in Agricultural Experiment 

Data and their Handling. 12(2), 144–148. 

Nicholson, S. E., Funk, C., & Fink, A. H. (2018). Rainfall over the African continent 

from the 19th through the 21st century. Global and Planetary Change, 

165(December 2017), 114–127. https://doi.org/10.1016/j.gloplacha.2017.12.014 

O’Meagher, B. (2005). Policy for agricultural drought in Australia: An economics 

perspective. Advances in Natural and Technological Hazards Research, 22, 139–

155. https://doi.org/10.1007/1-4020-3124-6_11 

Odong, T. L., Tenywa, J. S., & Nabasirye, M. (2019). Revisiting application of statistics 

in Agricultural Research in sub-Saharan Africa: Entry points for improvement. 

African Crop Science Journal, 27(3), 529. https://doi.org/10.4314/acsj.v27i3.14 

Olivier Walther, T. R. et J. K., & Heaveny. (2009). Articulo - revue de sciences humaines 

tourism in the Dogon Country and the. Articulo - Revue de Sciences Humaines, 

4(2008). 

Ozer, P. (2007). Définition ( UNCCD ). 40. 

PANA. (2006). MINISTÈRE DE L ’ ENVIRONNEMENT Programme Changements 

Climatiques République d ’ Haïti PlAN D ’ACTION NATIONAL D ’ ADAPTATION. 

Pesaran, M. H. (2014). Journal of Applied Econometrics. 21(August 2012), 1–21. 

https://doi.org/10.1002/jae 

Porter, J. R., & Semenov, M. A. (2005). Crop responses to climatic variation. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1463), 

2021–2035. https://doi.org/10.1098/rstb.2005.1752 

Pound, B., & Phiri, A. (2010). Longitudinal Impact Assessment Study of Groundnut 

Producers in Malawi Main Report Commissioned by the Fairtrade Foundation 

(Issue April). 

Praveen, B., Talukdar, S., Shahfahad, Mahato, S., Mondal, J., Sharma, P., Islam, A. R. 

M. T., & Rahman, A. (2020). Analyzing trend and forecasting of rainfall changes in 

India using non-parametrical and machine learning approaches. Scientific Reports, 



188 

 

10(1), 1–21. https://doi.org/10.1038/s41598-020-67228-7 

Pricope, N. G., Husak, G., Lopez-Carr, D., Funk, C., & Michaelsen, J. (2013). The 

climate-population nexus in the East African Horn: Emerging degradation trends in 

rangeland and pastoral livelihood zones. Global Environmental Change, 23(6), 

1525–1541. https://doi.org/10.1016/j.gloenvcha.2013.10.002 

Proietti, I., Frazzoli, C., & Mantovani, A. (2015). Exploiting nutritional value of staple 

foods in the world’s semi-arid areas: Risks, benefits, challenges and opportunities 

of sorghum. Healthcare (Switzerland), 3(2), 172–193. 

https://doi.org/10.3390/healthcare3020172 

Rahman, M. A., Yunsheng, L., & Sultana, N. (2017). Analysis and prediction of rainfall 

trends over Bangladesh using Mann–Kendall, Spearman’s rho tests and ARIMA 

model. Meteorology and Atmospheric Physics, 129(4), 409–424. 

https://doi.org/10.1007/s00703-016-0479-4 

Res, C., Smith, J. B., & Lenhart, S. S. (1996). Climate change adaptation policy options. 

6(Gleick 1993), 193–201. 

Rogelj, J., Shindell, D., Jiang, K., Fifita, S., Forster, P., Ginzburg, V., Handa, C., Kheshgi, 

H., Kobayashi, S., Kriegler, E., Mundaca, L., Séférian, R., & Vilariño, M. V. (2018). 

Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable 

Development. In: Global Warming of 1.5°C. An IPCC Special Report on the 

impacts of global warming of 1.5°C above pre-industrial levels and related global 

greenhouse gas emission pathw. In IPCC special report Global Warming of 1.5 oC. 

https://doi.org/https://doi.org/10.1017/9781009157940.004 

Rowlinson, S., Yong Koh, T., & Tuuli, M. M. (2008). A cultural perspective to 

stakeholder management in the Hong Kong construction industry. Securing High 

Performance through Cultural Awareness and Dispute Avoidance, May 2016, 21–

23. 

Sall C. T., Fall M., B. M. A. F. & G. B. (2011). Resilience and Local Innovation to 

Climate Change. Capitalisation of the Results of the Program "Fonds de Soutien 

aux Stratégies Locales d’Adaptation. 

Salvati, L., Zambon, I., Pignatti, G., Colantoni, A., Cividino, S., Perini, L., Pontuale, G., 

& Cecchini, M. (2019). A Time-Series Analysis of Climate Variability in. 

Agriculture, 9(103), 1–18. 

Sharafi, S., & Mir Karim, N. (2020). Investigating trend changes of annual mean 

temperature and precipitation in Iran. Arabian Journal of Geosciences, 13(16). 



189 

 

https://doi.org/10.1007/s12517-020-05695-y 

Shi, G. Y., Hayasaka, T., Ohmura, A., Chen, Z. H., Wang, B., Zhao, J. Q., Che, H. Z., & 

Xu, L. (2008). Data quality assessment and the long-term trend of ground solar 

radiation in China. Journal of Applied Meteorology and Climatology, 47(4), 1006–

1016. https://doi.org/10.1175/2007JAMC1493.1 

Shivanna, K. R. (2022). Climate change and its impact on biodiversity and human 

welfare. Proceedings of the Indian National Science Academy, 88(2), 160–171. 

https://doi.org/10.1007/s43538-022-00073-6 

Shrestha, S. (2019). Effects of Climate Change in Agricultural Insect Pest. Acta Scientific 

Agriculture, 3(12), 74–80. https://doi.org/10.31080/asag.2019.03.0727 

Silvius, M. J., Oneka, M., & Verhagen, A. (2000). Wetlands: Lifeline for people at the 

edge. Physics and Chemistry of the Earth, Part B: Hydrology, Oceans and 

Atmosphere, 25(7–8), 645–652. https://doi.org/10.1016/s1464-1909(00)00079-4 

Sintayehu, D. W. (2018). Impact of climate change on biodiversity and associated key 

ecosystem services in Africa: a systematic review. Ecosystem Health and 

Sustainability, 4(9), 225–239. https://doi.org/10.1080/20964129.2018.1530054 

Sivakumar, M. V. K. (1988). Predicting rainy season potential from the onset of rains in 

Southern Sahelian and Sudanian climatic zones of West Africa. Agricultural and 

Forest Meteorology, 42(4), 295–305. https://doi.org/10.1016/0168-1923(88)90039-

1 

Sivakumar, M. V. K. (1993). Growth and Yield of Millet and Cowpea in. 29. 

Slingo, J. M., Challinor, A. J., Hoskins, B. J., & Wheeler, T. R. (2005). Introduction : 

food crops in a changing climate. October, 1983–1989. 

https://doi.org/10.1098/rstb.2005.1755 

Soumaré, M., Vaksmann, M., Bazile, D., & Kouressy, M. (2005). Linking GIS and crop 

modeling to expect sorghum cultivars diffusion area in Mali. Agritrop, July, 889–

896, On line. http://www.efita.net/ 

St.Clair, S. B., & Lynch, J. P. (2010). The opening of Pandora’s Box: Climate change 

impacts on soil fertility and crop nutrition in developing countries. Plant and Soil, 

335(1), 101–115. https://doi.org/10.1007/s11104-010-0328-z 

Steinberg, A. M., Forscher, W., Smith, T., & Carolina, S. (2005). European Journal of 

Scientific Research. European Journal of Scientific Reasearch, 11(3), 1–193. 

Sultan, B., & Gaetani, M. (2016). Agriculture in West Africa in the twenty-first century: 

Climate change and impacts scenarios, and potential for adaptation. In Frontiers in 



190 

 

Plant Science (Vol. 7, Issue AUG2016). Frontiers Media S.A. 

https://doi.org/10.3389/fpls.2016.01262 

Suryavanshi, P., Babu, S., Baghel, J. K., & Suryavanshi, G. (2012). Impact of Climate 

Change on Agriculture and their Mitigation Strategies for Food Security in 

Agriculture : A Review. 1(3), 72–77. 

Sylla, M. B., Faye, A., Giorgi, F., Diedhiou, A., & Kunstmann, H. (2018). Projected Heat 

Stress Under 1.5 °C and 2 °C Global Warming Scenarios Creates Unprecedented 

Discomfort for Humans in West Africa. Earth’s Future, 6(7), 1029–1044. 

https://doi.org/10.1029/2018EF000873 

Taonda J. B., Bationo B. A., Ilboudo D., G. T. (2003). Impact des activités agro-sylvo-

pastorales du Projet de développement intégré des provinces du Sanguié et du 

Boulkiemdé. Inera. 

Taye, M., Zewdu, F., & Ayalew, D. (2013). Characterizing the Climate System of 

Western Amhara , Ethiopia : A GIS Approach. American Journal of Research 

Communication, 1(10), 319–355. 

Tekete, C., & Koita, O. A. (2010). Simultaneous Detection of Aspergillus species and 

Aflatoxins using PCR and ELISA Tests on Peanuts in Mali. Symposium Malien Sur 

Les Sciences Appliquées, January 2015. https://doi.org/10.13140/2.1.1271.3283 

Thornton, P. K., van de Steeg, J., Notenbaert, A., & Herrero, M. (2009). The impacts of 

climate change on livestock and livestock systems in developing countries: A review 

of what we know and what we need to know. Agricultural Systems, 101(3), 113–

127. https://doi.org/10.1016/j.agsy.2009.05.002 

Tirogo, J., Jost, A., Biaou, A., Valdes-Lao, D., Koussoubé, Y., & Ribstein, P. (2016). 

Climate variability and groundwater response: A case study in Burkina Faso (West 

Africa). Water (Switzerland), 8(5), 1–20. https://doi.org/10.3390/w8050171 

Totin, E., van Mierlo, B., & Klerkx, L. (2020). Scaling practices within agricultural 

innovation platforms: Between pushing and pulling. Agricultural Systems, 

179(December 2019), 102764. https://doi.org/10.1016/j.agsy.2019.102764 

Touré Halimatou, A., Kalifa, T., & Kyei-Baffour, N. (2017). Assessment of changing 

trends of daily precipitation and temperature extremes in Bamako and Ségou in Mali 

from 1961- 2014. Weather and Climate Extremes, 18(July 2016), 8–16. 

https://doi.org/10.1016/j.wace.2017.09.002 

Traore, B., Corbeels, M., van Wijk, M. T., Rufino, M. C., & Giller, K. E. (2013). Effects 

of climate variability and climate change on crop production in southern Mali. 



191 

 

European Journal of Agronomy, 49, 115–125. 

https://doi.org/10.1016/j.eja.2013.04.004 

Traore, K., Aune, J. B., & Traore, B. (2016). Effect of Organic Manure to Improve 

Sorghum Productivity in Flood Recession Farming in Yelimane, Western Mali. 

Technology, and Sciences (ASRJETS) American Scientific Research Journal for 

Engineering, 23(1), 232–251. http://asrjetsjournal.org/ 

UMOA. (2020). Mali : une économie portée par l’agriculture, l’extraction et le 

commerce. http://www.marchedestitrespublics.com/mali-une-économie-marquée-

par-lagriculture-lactivité-extractive-et-le-commerce 

UNDP-UNEP. (2011). The Poverty-Environment Initiative (PEI) Annual Progress 

Report. 

UNFCCC. (1992a). United Nations Framework Convention (Vol. 62220). 

UNFCCC. (1992b). United Nations Framework Convention on Climate Change; Articles 

and Definitions. 25pp. 

USAID. (2016). Agriculture and Food Security | Mozambique | U.S. Agency for 

International Development. USAID. https://www.usaid.gov/mali/agriculture-and-

food-security 

Usman, A. A., & Mamman, M. B. A. (2022). Spatio-Temporal Analysis of Dry Spell for 

Agricultural Decision Support in North-Central Nigeria. Environmental and Earth 

Sciences Research Journal, 9(1), 1–7. https://doi.org/10.18280/eesrj.090101 

Vågen, T. G., Lal, R., & Singh, B. R. (2005). Soil carbon sequestration in sub-Saharan 

Africa: A review. Land Degradation and Development, 16(1), 53–71. 

https://doi.org/10.1002/ldr.644 

Walker, D. H. T., & Rowlinson, S. (2007). Procurement systems: A cross-industry project 

management perspective. Procurement Systems: A Cross-Industry Project 

Management Perspective, 9780203939(January), 1–455. 

https://doi.org/10.4324/9780203939697 

WALKER, R. J. (2016). Population Growth and its Implications for Global Security. 

American Journal of Economics and Sociology, 75(4), 25. 

https://doi.org/10.1111/ajes.12161 

Watkins, M. (2020). A Step-by-Step Guide to Exploratory Factor Analysis with R and 

RStudio. In A Step-by-Step Guide to Exploratory Factor Analysis with R and 

RStudio. https://doi.org/10.4324/9781003120001 

West, M. W. C. & C. T. (2017). Unraveling the Sikasso Paradox: Agricultural Change 



192 

 

and Malnutrition in Sikasso, Mali. Ecology of Food and Nutrition, 56(2), 101–123. 

https://doi.org/10.1080/03670244.2016.1263947 

Wieteke Holthuijzen Maximillian, J. (2011). Dry, Hot, and Brutal: Climate Change and 

Desertification in the Sahel of Mali. Journal of Sustainable Development in Africa, 

13, No.7(October), 24. 

https://www.google.com/search?q=%22Dry%2C+hot%2C+and+brutal%3A+Clim

ate+change+and+desertification+in+the+Sahel+of+Mali.+Journal+of+Sustainable 

Yang, Y., Xu, W., Hou, P., Liu, G., Liu, W., Wang, Y., Zhao, R., Ming, B., Xie, R., 

Wang, K., & Li, S. (2019). Improving maize grain yield by matching maize growth 

and solar radiation. Scientific Reports, 9(1), 1–11. https://doi.org/10.1038/s41598-

019-40081-z 

Yilmaz, H., Yilmaz, O. Y., & Akyüz, Y. F. (2017). Determining the factors affecting the 

distribution of Muscari latifolium, an endemic plant of Turkey, and a mapping 

species distribution model. Ecology and Evolution, 7(4), 1112–1124. 

https://doi.org/10.1002/ece3.2766 

Yue, Y., Yan, D., Yue, Q., Ji, G., & Wang, Z. (2021). Future changes in precipitation and 

temperature over the Yangtze River Basin in China based on CMIP6 GCMs. 

Atmospheric Research, 264(July), 105828. 

https://doi.org/10.1016/j.atmosres.2021.105828 

Zainal Abidin Mohamed, AbdLatif, I., & Abdullah, A. M. (2011). Economic importance 

of tropical and subtropical fruits. In Postharvest Biology and Technology of Tropical 

and Subtropical Fruits (Vol. 1, Issue 1996). Woodhead Publishing Limited. 

https://doi.org/10.1533/9780857093622.1 

Zougmoré, R., Mando, A., Ringersma, J., & Stroosnijder, L. (2003). Effect of combined 

water and nutrient management on runoff and sorghum yield in semiarid Burkina 

Faso. Soil Use and Management, 19(3), 257–264. 

https://doi.org/10.1079/sum2003199 

  



193 

 

Appendices 

Individual survey form 

Perception, Impacts and Adaptation Strategies to Climate Change in Mali 

Hello my name is _____, as part of the preparation of a doctoral thesis, we are conducting 

a survey. For this, you have been chosen, your opinion counts enormously for the success 

of this thesis and the information you were going to give will remain confidential. 

Table 5.0:1. Questionnaire for Agropastoralists 

Division 00: Identification 

Q01 Region 1.Kayes 

2. Koulikoro 

3. Segou 

4. Sikasso 

5.Mopti 

6. Gao 

7. Timbuktu 

8. Kidal 

9. Menaka 

10.Taoudeni 

11.Bamako 

/…………. / 

Q02 Cercle 1.Kayes 

2.Kita 

3. Koulikoro 

4. Banamba 

5. Segou 

6.Niono 

7. Sikasso 

8.Bougouni 

9.Mopti 

10. Bandiagara 

11. Gao 

12.Timbuktu 

13. Kidal 

14. Menaka 

15.Taoudeni 

16. Bamako 

/…………. / 

Q03 Commune - /…………... / 

Q04 Village - /…………/ 

Q05 Agroecological zone ? 1= Agricultural zone, 2=Agro-

pastoral zone, 3=Pastoral zone 

/………..…/ 

Q06 Investigator's first and last 

name 

/…………/ 

Q07 Investigator phone 

number 

/…………/ 

Division 01: General information on the respondent 
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Q11 Respondent's 

surname and first 

name 

/…………/ 

Q12 What is your age? /…………/year 

Q13  Sex? 1=man 

2=female 

/…………/ 

Q14 Are you married? 1- Yes 

2- No 

/…………/ 

Q15 If yes, what is your 

marital status? 

1= married monogamous; 2= married 

polygamist; 

3= single; 4= divorced (d); 5= widower 

/…………/ 

Q16 What is your 

ethnicity? 

 

1=Bambara; 2= Fulani; 3= Sarakole; 4= 

Moorish; 

5= Malinke; 6= Khassonke; 7= Tamasheq; 

8=Dogon; 9=Bozo 

10=Other (specify) 

/…………/ 

Q17 What is your level of 

education? 

1= None; 2=Literate; 3=Quranic; 

4=Primary; 5=Secondary; 6=Superior 

/…………/ 

Q18 What are your 3 

main activities? 

 

1=Agriculture; 2=Livestock; 3=Trade; 

4=Market gardening; 5=Hunting; 

6=fishing; 7=Lumberjack; 

8= Unoccupied; 9 =Other (specify): 

/…………/ 

/…………/ 

 

Section 02: PERCEPTION OF AGRO-PASTORISTS AND CLIMATE 

VARIABILITY AND CHANGE 

Q21 What month does the rainy season 

begin in the last 30 year? 

1 = April; 2= May; 3= June; 4= 

July; 5= Other (specify) 

/…………/ 

Q21.

a 

Which lunar month / Traditional 

name of the month corresponding 

to the beginning of the rainy season 

before the last 30 year? 

1=Name of the lunar month 

corresponds: 

2= Don't know 

/…………/ 
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Q22 What month does the rainy season 

start now? 

1 = April; 2= May; 3= June; 4= 

July; 5= Other (specify) 

/…………/ 

Q22.

a 

Which lunar month/Traditional 

name of the month corresponding 

to the beginning of the rainy season 

now? 

1=Name of the lunar month 

corresponds: 

2= Don't know 

/…………/ 

Q23 Before the last 30 year, how long 

was the rainy season in the area? 

1= One month; 2=two months; 

3= three months; 4= four 

months; 

5= five months; 6=six months; 

7=Other (specify) 

/…………/ 

Q24 Currently, how long is the rainy 

season in the area? 

1=One month; 2=two months; 

3= three months; 4= four 

months; 5=five months; 6=six 

months; 7=Other (specify) 

/…………/ 

Q25 Before the last 30 year, how were 

the dry sequences? 

1= unchanged; 2=longer; 

3=shorter; 4=more frequent; 

5=less frequent; 6=Other 

(specify) 

/…………/ 

Q26 Currently how are the dry 

sequences compared to the last 30 

year? 

 

1= unchanged; 2=longer; 

3=shorter; 4=more frequent; 

5=less frequent; 6=Other 

(specify) 

/…………/ 

Q27 Before the last 30 year, how were 

the winds during the rainy season 

compared to now? 

1= unchanged; 2= more 

violent; 3= less violent 

4=dustier; 5=less dusty; 6= 

other (to be specified) 

/…………/ 

Q28 How do you assess the recent 

heavy rain events compared to the 

period before the last 30 year? 

1=no change; 2=more frequent; 

3=less frequent; 4=other (to be 

specified) 

/…………/ 

Q29 Currently, how do you assess the 

temperatures during the day, 

1= unchanged; 2= warmer; 3= 

cooler; 4= other (specify) 

/…………/ 
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compared to the period before the 

last 30 year? 

Q2.1

0 

Currently, how do you assess the 

temperatures during the night, 

compared to the period before the 

last 30 year? 

1=no change; 2=warmer; 3= 

cooler; 4=other (specify) 

/…………/ 

Q2.1

1 

Compared to the period before the 

last 30 year, how do you assess the 

current levels of waterways (rivers, 

lakes, etc.)? 

1= unchanged; 2=increasing; 

3= decreasing; 4= other 

(specify) 

/…………/ 

Q2.1

2 

Compared to the period before the 

last 30 year, how do you assess the 

state of the plant cfor (trees, 

grasses, pastures, etc.)? 

1= unchanged; 2=increasing; 

3= decreasing; 4= other 

(specify) 

/…………/ 

 

 

Division 03: IMPACTS OF CLIMATE CHANGE ON PRODUCTION SECTORS 

HAS. Impact on water resources and 

soil 

  

Q31 Are your main water points? 1=Perennial; 2=Temporary; 3= Other 

(specify) 

/…………/ 

Q32 Do you observe a decrease in the 

levels and number of your main 

water points compared to the 

past? 

1.Yes 

2. No 

/…………/ 

Q33 If yes, what do you think are the 

causes of the decrease in 

watercourses? 

1=heat; 2=Wind; 3= Forfishing; 

4=silting; 5=decrease in rainfall; 

6=Other (specify) 

/…………/ 

/…………/ 

Q34 If No, what are the causes of the 

non-decrease of these rivers? 

1= sufficient rainfall; 2= drop in 

temperature; 3= Under exploitation; 

4= sand removal; 5= Other (specify) 

/…………/ 

/…………/ 
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Q35 Compared to the past, have 

water points (wells, ponds) dried 

up earlier or later? 

1=Earlier; 2=Later; 3=No change; 

4= Don't know 

/…………/ 

Q36 If early drying up of water 

points, how many year ago did 

you start noticing this? 

/…………/ Number of year 

 

Q37 Compared to the past, are the 

soils more and more or less and 

less affected by erosion (water 

and/or wind)? 

1=increasingly; 2= less and less; 

3=no change; 4=other (specify) 

5= Don't know 

/…………/ 

Q38 In the past, how was the level of 

soil fertility compared to now? 

1=More fertile; 2=Less fertile; 

3=No change; 4=other (specify) 

5= Don't know 

/…………/ 

B Impact on vegetation   

Q39 How is the current state of 

vegetation compared to the past? 

1= unchanged; 2=more dense; 

3=Less dense; 4=Other (specify) 

/…………/ 

Q3.10 How do you see current plant 

biodiversity, compared to the 

past? 

1= unchanged; 2=very degraded; 

3= somewhat degraded; 4= 

somewhat improved; 

5= markedly improved; 6= Other 

(specify) 

/…………/ 

Q3.11 Compared to the past, have you 

noticed the disappearance of 

plant species due to climate 

change? 

1=Yes 

2=No 

3= Don't know 

/…………/ 

Q3.12 If Yes, give examples of extinct 

species 

(do not make the answer 

mandatory) 

- /…………/ 

/…………/ 

vs. Impacts on cropping systems   

Q3.13 Compared to the past, how are 

climate variability and change 

1= unchanged; 2=Low rainfall; 

3= good rainfall; 4= strong heat; 

/…………/ 

/…………/ 
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affecting your agricultural 

activities? 

 

 

5= severe cold; 6=drop in 

production; 

7= abandonment of species or 

varieties cultivated in the past; 

8= adoption of new species or 

varieties; 9= strong winds; 10=Other 

(specify) 

Q3.14 What were the main crops you 

grew in the past (in order of 

importance)? 

1=Mil; 2=Maize; 3=Sorghum; 4= 

Cassava; 5=Peanut; 6=Cotton; 

7=Rice; 8=wheat; 9=Sweet potato; 

10 =Other (specify) 

/…………/ 

/…………/ 

Q3.15 What are the main crops you 

currently grow (in order of 

importance)? 

1=Mil; 2=Maize; 3=Sorghum; 4= 

Cassava; 5=Peanut; 6=Cotton; 

7=Rice; 8=wheat; 9=Sweet potato; 

10 =Other (specify) 

/…………/ 

/…………/ 

Q3.16 Have you dropped crop 

varieties? 

1=Yes 

2=No 

/…………/ 

Q3.17 If abandonment of certain 

cultures, what are the reasons? 

1=Long Cycle; 2=Lowly resistant to 

drought; 3=Poor yields; 4= low heat 

resistance; 5= Not very resistant to 

winds; 6=Lowly resistant to 

flooding; 

7=Other (specify) 

/…………/ 

/…………/ 

Q3.18 What are the most common 

cropping methods in your area 

(in order of importance)? 

1 = Pure culture; 2= associated 

crops; 

3=Crop rotation; 4= irrigated crops; 

5= Flood recession crops; 6=Other 

(specify) 

/…………/ 

/…………/ 

Q3.19 What are the most efficient 

(most profitable) modes in the 

current context of climate 

variability and change (in order 

of importance)? 

1 = Pure culture; 2= associated 

crops; 

3=Crop rotation; 4= irrigated crops; 

5= Flood recession crops; 6=Other 

(specify) 

/…………/ 

/…………/ 
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Q3.20 How do the current sowing dates 

compare to those of the past? 

1= unchanged; 2= earlier; 

3= later; 4=Other (specify) 

/…………/ 

Q3.21 How do you assess the current 

practice of resowing in your 

fields, compared to the past? 

1= unchanged; 2= more frequent; 

3= less frequent; 4= other (specify) 

 

D. Impact on socio-economic 

resources 

  

Q32.2 Have you ever been the victim of 

a conflict or climate-related 

disaster (flood, drought, locusts) 

in the last 30 year? 

1= Yes 

2= No 

/…………/ 

Q3.23 If yes, what harm/damage have 

you suffered as a result of 

conflict or climate-related 

disaster (flood, drought, locusts) 

for the past 30 year? 

1=field loss, 2=crop loss; 3=Habitat 

loss; 4= loss of animals; 5= 

Insufficient pasture; 6=Insufficient 

water (agricultural, animal watering); 

7=Farmer-herder conflict 

8=Other (specify) 

/…………/ 

/…………/ 

Q3.24 Did you receive social 

assistance? 

1= Yes 

2= No 

/…………/ 

Q3.25 What are the impacts of this 

assistance on your socio-

economic activities? 

 

1=no impact; 2=increased income; 

3=improved living conditions; 

4=increased production; 

5= other (specify) 

/…………/ 

/…………/ 

 

Division 04: COPING STRATEGIES 

E. Technical adaptation strategies 

of agro-pastoralists 

  

Q41 Are you adopting new land 

management techniques in the 

face of climate variability and 

change? 

1=Yes 

2=No 

 

/…………/ 
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Q42 If Yes, what new land 

management techniques are you 

currently using in the face of 

climate variability and change? 

1= Zai; 2=half-moon, 3=bench; 

4=cfor crop; 5= organic manure; 

6=chemical fertilizer; 7=tree 

planting; 

8=tillage; 9=scraping; 10=other 

(specify) 

/…………/ 

/…………/ 

Q43 What techniques do you use to 

prevent the effects of runoff and 

strong winds on crops? 

1= windbreak (tree, fence); 2= 

ridging; 3= partitioning; 

4=straightening of plants 5=water 

channelling; 6=laying or 

spreading garbage; 7=Stone rim, 

8=Other (to be specified) 

/…………/ 

/…………/ 

Q44 What are you doing to reduce the 

effects of high temperatures on 

crops and animals? 

1=mulching; 2=irrigation; 

3=early sowing; 

4=late sowing; 5=shading; 

6=multiplication of water points: 

7=tree planting; 8=Other 

(specify) 

/…………/ 

/…………/ 

Q45 What do you do to reduce the 

effects of dry spells on crops and 

animals during the rainy season? 

 

1= Reseeded; 2=sowing of early 

or resistant varieties; 3=dry 

sowing; 4=rainwater harvesting 

techniques; 5=irrigation; 

6=plantation of fodder grasses; 

7=straw storage; 8=livestock feed 

banks; 9=Other (specify) 

/…………/ 

/…………/ 

Q46 What are the most adopted 

adaptation practices in 

Agriculture in your area? 

(Name 3 main techniques) 

/…………/ 

/…………/ 

Q47 What are the most adopted 

adaptation practices in livestock 

farming in your area? 

(Name 3 main techniques) 

/…………/ 

/…………/ 
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Q48 In the event of a food deficit, 

what do you do to be able to 

support your household? 

 

1= market gardening; 2=external 

transfer; 

3=exodus; 4=sale of animals; 

5=family displacement; 6=sale of 

agricultural equipment; 7=belly 

of material goods of the 

household; 8=petty trade; 

9=Cereal Bank; 10=Loan or debt; 

11=temporary labour; 12=state 

aid; 

13=help from projects and 

NGOs; 14=village solidarity; 

15=begging; 16=Decrease in 

food ration; 17=Decrease in the 

number of meals; 18=other 

(specify) 

/…………/ 

/…………/ 

Q49 In the event of a fodder deficit, 

what do you do to be able to 

support your livestock? 

1=sale of animals/destocking; 

2=transhumance; 3=Loan or debt; 

4=aid from projects and NGOs; 

5=Decrease in food ration; 

6=other (specify) 

/…………/ 

/…………/ 

f. Fertility renewal   

Q4.10 How do you manage the fertility 

of your soils? 

 

 

1=Input of mineral fertilizers 

(NPK, urea, phosphate etc.) 

2=Input of organic matter 

(compost, animal waste, mulch, 

agroforestry etc.); 3 = Burial of 

crop residues (tillage at the end of 

the cycle); 4=Fallow; 5=Crop 

rotations; 6=Crop associations; 

7=Other (specify) 

/…………/ 

/…………/ 

Q4.11 How do you manage weeds and 

pests in your crops? 

1=Phytosanitary products 

(herbicide, insecticide, fungicide 

/…………/ 

/…………/ 
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etc.); 2=Botanical extracts 

(leaves, neem seeds etc); 3=Crop 

associations; 4=Crop rotations; 

5=Fallow; 6=Use of certified 

seeds; 7=Integrated pest 

management (natural enemies); 

8=Fire (burn) 

Q4.12 Do you have access to climate 

information (seasonal forecast, 

advice and advice for the success 

of crops and livestock)? 

1=Yes 

2=No 

/…………/ 

Q4.13 If yes, from whom or by what 

means? 

1=state employee; 2=Project and 

NGO; 3=Radio; 4= television; 

5=Resource people; 6 other (to be 

specified) 

/…………/ 

/…………/ 

Q4.14 If yes, is climate information 

really useful to you for your 

agricultural/livestock practices? 

1=Yes 

2=No 

/…………/ 

Q4.1That Do you think of the quality of the 

meteorological information 

received by these means? 

1. Good 

2. Medium 

3. Bad 

 

 

Division 05: MAIN DIFFICULTIES ENCOUNTERED 

Q51 What are the 3 or 4 main difficulties encountered 

today by agropastoralists? 

 

/…………/ 

/…………/ 

Q52 How do agropastoralists deal with each problem, 

especially the poorest? 

/…………/ 

/…………/ 

Thank you, Mr/Mrs, for taking your time to answer me. 
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Table 5.0:2. Technical sheet of the 6 varieties of sorghum 

 

 

  

Variety
Maturity days 

after planting 
Photosensitivity Isohyet Plant height Panicle type Seed color Grain yield

Susceptibility to 

Striga

Jakumbé CSM63-E 100 non photosensible 400- 600mm 210 cm lâche white 2 t/ha sensible

DT-15 115 non photosensible 600- 1000mm 300 cm mean white 2 t/ha little sensitive

Tiandougou-Coura 120 sensible 800-1000 mm 180 à 200 cm semi-compact whitish 2,5 t/ha tolerant

Tagué (09-KI-F5T-

19)
127 photosensible 800- 1000mm 340 cm Pyramidale white 2.5 t/ha sensible

2.5 t/ha resistant

straw yellow 2,5 t/ha tolerant

CSM-388 125 photosensible 800- 1000mm  370 cm loose white

Soubatimi 110 slightly 800- 1000mm 260 cm semi-compact



204 

 

 

 

 

 

 

Table 2. Cultivation technique of the 6 varieties of sorghum 

 

 

  

 CSM63-E

DT-15

Tiandougou-

Coura

KIT-19

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds

Sow between July 

1 and 15

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 5 kg 

for 100m2

and 50 kg/ha of urea at bolting, 

i.e. 0.5 kg per 100m2

100 kg/ha of ammonium 

Weed on the 15th and 30th 

days after sowing

 Followed by ridging on 

the 45th day after sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 1 kg 

per 100 m2

and 50 kg/ha of urea at bolting, 

i.e. 0.5 kg per 100 m2

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds

Sow between July 

1 and 15

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 5 kg 

for 100m2

and 50 kg/ha of urea at bolting, 

i.e. 0.5 kg per 100m2

Weed on the 15th and 30th 

days after sowing

 Followed by ridging on 

the 45th day after sowing

Weed on the 15th and 30th 

days after sowing followed 

by ridging on the 45th day 

after sowing

Sow between July 

1 and 15

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 5 kg 

for 100m2

Weed on the 15th and 30th 

days after sowing  

Followed by ridging on the 

45th day after sowing

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds

Sow between June 

26 and July 15

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

Sow between July 

1 and 15

Sow between July 

1 and 30

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 5 kg 

for 100m2

and 50 kg/ha of urea at bolting, 

i.e. 0.5 kg per 100m2

Weed on the 15th and 30th 

days after sowing

 Followed by ridging on 

the 45th day after sowing

0.75 m between 

sowing lines and 

0.50 m between 

seed holes

Thin out 2 to 3 

seedlings/hill 

between the 15th 

and 20th day after 

sowing

100 kg/ha of ammonium 

phosphate at sowing, i.e. 5 kg 

for 100m2

and 50 kg/ha of urea at bolting, 

i.e. 0.5 kg per 100m2.

Weed on the 15th and 30th 

days after sowing

 Followed by ridging on 

the 45th day after sowing

Sowing Period Seeding Spacings Plants Weeding Fertilization Plot MaintenanceVariety

Soubatimi

CSM-388

Seed Treatment

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds

Treat the seeds with 

Apron star at a dose of 

10g for 4 kg of seeds
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Figures from field experiment on Sorghum and Groundnut 

 

Figure 1. Sorghum cultivation on ridge 
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Figure 2. Delimitation and sowing of the plots of the groundnut experimentation system 
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Figure 3. First sorghum weeding after sowing and Addition of organic manure and the 

Cereal complex Nitrogen, Phosphorus and Potash (NPK) on the 15th day after sowing 
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Figure 4. Sorghum plot at the emergence stage 

  

 

 

 

Figure 5. Groundnut plot at flowering stage 
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Figure 6. Monitoring of different varieties of sorghum at physiological maturity 

 

 

Figure 7. Harvesting of different varieties of sorghum and storage in bags for drying 
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Figure 8. Weighs fresh and dry weight of straws of sorghum varieties 

 

 
Figure 9. Harvesting of different varieties of groundnut 
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Figure 10. Shelling of different varieties of groundnut 

 

 
Figure 11. Weighed different varieties of groundnut with the electronic scale 


