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Abstract 

Soil fertility is declining in many areas of sub-Saharan Africa due to various factors of which climate 
change and the human action. Organic manure is one of the inputs that can be used to address poor soil 
fertility. This article analyzes the socio-economic factors which influence the use of the organic manure 
in the semi-arid area of Kibwezi in Kenya. A Logit model is used to isolate the variables affecting the use 
of the strategy. The results show a correlation between certain socio-economic variables and the use of 
the organic manure. Socio-economic variables such as matrimonial statute, local technical training, 
access to the resources, social relations in the village on one hand, and level of education of the heads of 
households on the other hand, have a significant influence on the probability of organic manure use to 
the thresholds of 5% and of 10% respectively. The other factors a priori relevant, present in the model, 
do not have any significant effect on the choice of the strategy. Lastly, to more increase the rate of 
adoption of this strategy, some strong actions must be implemented by development actors.  

Key words: climate change, farmers, Kibwezi, logit model, organic manure, semi-arid zone. 

Introduction 

Climatic change and land degradation constitute some threats for the survival and the subsistence 
means of million people in sub-Saharan Africa (SSA). The strong dependence of the economies and the 
rural populations on rainfed agriculture, severe poverty and food insecurity, as well as the weak 
development of institutional and infrastructural capacities are such as that adaptation to climate natural 
variability remains always is a challenge (Sultan, 2011; Berg and Al, 2011). 

Soil fertility is declining in many areas of SSA. Climate change should cause more extreme weather 
events like floods, drought and more unforeseeable weather. These changes will make probably only 
accentuate the problems encountered with soil fertility level. Soils fertility decline can be attributed to 
various reasons. The burning of crops residues causes in the soil some loss of its organic matter and its 
micro-organisms useful to its transformation. The abandonment and exposure of soils without 
protection against the sun and the wind, cause on one hand the oxidation of the organic matter, and on 
the other hand soil drying up and hydrous and wind erosion acceleration which conduct to soil loss of 
fertilizing matters. The excessive or insufficient use of fertilizers and inadequate crops rotations also 
involve a reduction in soils fertility (Oram, 1989; Hansen, 2002; UNDP, 2004). 

In Kibwezi district, which belongs to the semi-arid area of Kenya, the drought generated by the climate 
change constitute a cyclic phenomena which belong to the normal life of the populations because well 
before those of 1970-1980 decades, they had endured years of drought in 1951-1953 and 1959-1962, with 
a painful procession of consequences (UNDP, 2004; MoA, 2009). Nevertheless, it was noted in this area 
which that it is from the 1970 decade that the droughts are more recurrent, with more catastrophic 
consequences (MoA, 2009). The poor populations like those of Kibwezi district, are particularly 
vulnerable to the effects of climate change because of their greater dependence to rainfed agriculture 
and their lower adaptation capacity (Abou, 2010). 

However, there are many traditional and modern practices which can contribute to improve soil 
fertility and to help farmers making their farms more resilient and resistant to the changing climate. 
They include use of fertilizers, use of crops residues and other organic matters (organic manure, 
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mineral manure, compost, green manures), plantation nitrogen fixing crops and trees, terraces, sowing 
under vegeTable cover, mulching, crops rotation. etc. Moreover, as Sultan (2011) announces it, the 
poverty of these populations does not allow them an access to technological adaptations 
(mechanization, manure, irrigation) and to the health care systems (vaccination, care curative), and 
often constitutes a worsening factor of the socio-economic impacts of climate change. In Kibwezi 
district, the principal adaptation strategies relating to the effects of climate change on the soils are the 
use of terraces and organic manure. Nevertheless, within the framework of this article, we choose an 
analysis of the determinants of organic manure use because there is a certain polarization on the use of 
terraces (87%). The aim of this study is to identify the socio-economic variables which influence the use 
of organic manure as regard to soil fertility declining, before making some technical and political 
recommendations.  

Materials and methods 

Study area and data-gathering 

The study was carried out in in Kibwezi district, located in south-eastern Kenya. After having furrowed 
during two weeks the semi-arid areas of Kenya, our choice was made on this zone, because it belongs to 
the arid areas (250-500 mm) of sub-Saharan Africa where the populations, mainly farmers-grasers, are 
seriously affected by the effects of climate change (MoA, 2009; Kienken, 2007). A first field visit enabled 
us to carry out focus-groups in three villages, and to make field observations. 

Thereafter, a structured questionnaire was adminstered to 186 household heads chosen randomly 
according to a transect materialized by the principal roads connecting the various villages. Only data 
from 111 questionnaires are used in this article because of certain irregularities detected. Lastly, some 
semi-directed interviews have been realized with some of the persons in charge for the public and 
private structures (Agriculture, Livestock, Water, Red Cross, USAID), and the data allowed us to 
complete the results. 

Conceptual model  

In this study, we make the assumption that the socio-economic variables influence organic manure use 
as regard to the declining soil fertility. One of the objectives of our study is to specify the behavior of 
the farmers vis-a-vis of the adaptation strategies by identifying the factors influencing their adoption, in 
the form of a probability. To achieve this goal, we chose a Logit modeling, facilitating results handling 
(Hurlin, 2003). This because on the empirical level, the analysis of the determinants of a strategy 
adoption by a farmer is based on a model of discrete choice (McFadden, 1973; Foster and Rosenzweig, 
2010). Table 1 shows some statistics of the dependent variables used in the model. 
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Table 1: Variables used in the model 

Variables Variables meaning and values Mean Std Dev Min Max N 

USMARASO  Use of the organic manure (1 if it uses 
and 0 if not)  

1,61  0,489  0  1  111  

AGE  Age of surveyed person (years)  45,42  12,77  25  90  111  
GENDER  Sex of surveyed person (1=homme 

and 0=femme)  
1,49  0,502  0  1  111  

MARSTAT  Matrimonial status (1=marié and 
0=autres)  

1,16  0,564  0  1  111  

LEVEDUC  Level of education (1=primaire and 
0=autres)  

1,67  1,02  0  1  111  

NYCROPF  Number of years in agriculture  17,80  9,87  2  47  111  
LABOAVAI  Labour Availability (1=oui, 0=non)  1,69  0,463  0  1  111  
TECHSKIL  Local technical skills (1=oui, 0=non)  1,73  0,441  0  1  111  
ACCESCRE  Access to credit (1=oui, 0=non)  1,67  0,470  0  1  111  
ACCESRES  Access to resources (1=oui, 0=non)  1,07  0,259  0  1  111  
LOCLINKS  Strong Local links in the village 

(1=oui, 0=non)  
1,29  0,459  0  1  111  

ACCMARKT  Access to markets (1=oui, 0=non)  1,24  0,430  0  1  111  
ACCNEWS  Access to information (1=oui, 0=non)  1,090  0,287  0  1  111  
CHILSCHO  Children going to school (1=oui, 

0=non)  
1,49  0,502  0  1  111  

 

Results and discussions 

Effects of climate change on soils 

According to Sultan (2011) quoting the Intergovernmental Panel of experts on Climate Change (IPCC), 
the variations green house gases concentration as a whole, will lead, on a regional and global scale, to 
evolution of climatic parameters such as temperature, precipitations, soil moisture and sea level. Earth 
temperature increased by point three to point six degree approximately since the end of the XIXe 
century, and the sea level rose from ten to 25 cm during the last hundred years. It is thus seen that, 
climate change is obviousness. The rural populations of sub-Saharan Africa are particularly exposed to 
climatic risks insofar as they are narrowly dependent on the rainfed agriculture which represents nearly 
93% of the cultivated lands. The perceived effects of climate change on agricultural resources are thus 
varied, but this section will present only those perceived by the farmers on soils (Table 2). 

Table 2 : Direct or indirect effects of climate change on soils perceived by farmers 

N° Effects perceived by farmers Frequency Percentage (%) 

1  Soil fertility declining 93 83,8  

2  Hardening of soil surface  66 59,6  

3  Soil color modification  12 10,8  

4  Increase in soil erosion  10 9,0  

5  Lightening of soil  3 2,7  

 
All the effects perceived here by the farmers are dependent between them, leading all to soil fertility 
declining, and are directly or indirectly related to climate change. This known as, because of the stormy 
and torrential rains in summer, and of the violent and dry winds in dry season, hydrous and wind 
erosion involves the loss of organic matter of soils, making them hard and compact (clay soils) or light 
(sandy grounds). This organic matter loss is perceptible through the clear color of the soils, and fertility 
lowering which is the final result of all these effects, is perceptible by the populations through the 
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continuous decreasing of crops yields. Indeed, according to Mapfumo et al. (2008), the results' from a 
study carried out in seven countries of three African zones (Western, East and Southern), show that the 
principal effect of climate change on soils raised by the peasants in each area is the declining of soil 
fertility. Apart from the declining of soil fertility and the hardening of soil surface which are the more 
easily perceivable phenomena by the farmers especially during sowing periods (hardening of soil 
surface) and harvests (soil fertility drops), the other effects are not easily perceivable. In the steeply 
sloping zones, hydrous erosion is strong and perceivable through the ravines and gullies. 

Farmers’ Adaptation Strategies to combat soil fertility declining 

Climate change generates soil degradation, but accelerates also the degradation of those not protected 
and exposed to the bad weather on sloping lands like those of Kibwezi district; what compromises the 
capacity of the current soil management practices to maintain the productive potential of these soils. 
With an aim thus of ensuring their survival, the farmers of this area use various adaptation strategies 
(Table 3). 

Table 3. Farmers’ Adaptation Strategies 

N  ¶Adopted adaptation strategies  ¶Frequency ¶Percentage (%) ¶ 

1  ¶Terraces ¶ 97 ¶ 87,4 ¶ 

1  ¶Organic manure  ¶43 ¶38,7 ¶ 

2  ¶Plantation of trees  ¶6 ¶5,4 ¶ 

3  Soils’ ¶Irrigation  ¶5 ¶4,5 ¶ 

4  ¶Use of fertilizers  ¶4 ¶3,5 ¶ 

5  ¶Use of the plough to break the hardened soils  ¶1 ¶0,9 ¶ 

 

The massive use of the terraces by the populations indicates that it is about an area with sloping relief 
where hydrous erosion remains the principal cause of the of soil fertility loss. The true problem here is 
rather that of the quality of the terraces which as the majority is badly conceived and maintained. The 
significant use of the organic manure which is an interesting technique, could be explained by the 
strong association of agriculture and livestock in this area (80%), but the progressive abandonment of 
bovine breeding bovine to the profit of that of sheep and caprine, will limit its use to means or long 
terms. 

It comes also from Table 3 that apart from terraces, adoption rate is weak for all the other adaptation 
strategies. Indeed, according to Leary., Kulkarmi., and Seipt (2009), in dry Africa, there exists a deficit of 
adaptation strategies adoption, and this deficit is likely to grow with time because the future climatic 
variations and their extremes will be apart from the limits to which the populations were exposed and 
adapted. This could be explained by the adaptation difficulties related to poverty, weak access to 
agricultural information, weak collaboration with the agricultural extension services, and by the 
enclosure of the majority of the villages. 

Econometric model 

We point out that the explained variable is represented by the use of the organic manure to adapt to the 
declining soil fertility generated or accelerated by climate change in the semi-arid area of Kibwezi in 
Kenya. 
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Table 4: Determinants of organic manure use by the farmers (Logit model) 

Variable  ¶Estimate  ¶Standard deviation  ¶Wald  Sig.¶ 

Constant  ¶-1,206  ¶2,239  ¶0,290  ¶0,590 ¶ 

AGE  ¶0,036  ¶0,031  ¶1,400  ¶0,237 ¶ 

GENDER  ¶-0,676  ¶0,516  ¶1,716  ¶0,190 ¶ 

MARSTAT  ¶1,505  ¶0,670  ¶5,044  ¶0,025 ** ¶ 

LEVEDUC  ¶-0,581  ¶0,320  ¶3,284  ¶0,070 * ¶ 

NYCROPF  ¶-0,043  ¶0,035  ¶1,553  ¶0,213 ¶ 

EXTASSIS  ¶0,841  ¶0,805  ¶1,092  ¶0,296 ¶ 

LABOAVAI  ¶0,787  ¶0,687  ¶1,311  ¶0,252 ¶ 

TECHSKIL  ¶-1,674  ¶0,812  ¶4,245  ¶0,039 ** ¶ 

ACCESCRE  ¶0,351  ¶0,599  ¶0,344  ¶0,558 ¶ 

ACCESRES  ¶-2,731  ¶1,220  ¶5,005  ¶0,025 ** ¶ 

LOCLINKS  ¶1,410  ¶0,623  ¶5,121  ¶0,024 ** ¶ 

ACCMARKT  ¶-0,751  ¶0,683  ¶1,210  ¶0,271 ¶ 

ACCNEWS  ¶1,564  ¶1,164  ¶1,806  ¶0,179 ¶ 

CHILSCHO  ¶-0,924  ¶0,604  ¶2,341  ¶0,126 ¶ 

Numbers of observations  ¶111 ¶ 

Log-probability  ¶-148,199 ¶ 

Pseudo R2  ¶0,266 ¶ 

Khi 2  ¶39,38 ¶ 

Prob  ¶0,000 ¶ 

The levels of significativity are respectively:¶1% (***), 5% (* *) and 10% (*); Source: Data ¶analysis 

 

The results highlight a correlation between some socio-economic factors and the use of the strategy. 
Thus, using the Logit model, one notes that the socio-economic variables such as the marital status, the 
local technical and skills, the access to resources, the social relations in the village have a significant 
influence on the probability of use of the organic manure to the threshold of five %, and the household 
heads level of education to the threshold of ten %. . Among these unquestionable variables some have 
positive effects on the probability organic manure use, in particular, the marital status and the social 
relations in the village, while, others affect the choice of the strategy negatively, in particular, the level 
of education, local technical skills and the access to the resources. 

Moreover, the analysis of the sensitivity of the probability of adoption compared to the explanatory 
variables shows that certain socioeconomic variables have the strongest marginal effects; moreover, 
certain variables negatively affect adoption propensity of the strategy. A singular analysis of the 
variables having significant effects on the probability of choice will enable us to highlight these effects. 

The marital status (MARSTAT) is correlated positively with the probability of the farmers using this 
adaptation strategy to the threshold of five %. The married farmers are those who have children being 
used as labour for the animals’ maintenance, collection and spreading of the organic manure to 
improve soil fertility and in order to increase their agricultural income and to satisfy the needs of the 
exploitation and the family. The marital status determines the needs and the expenditure of the 
producer, and conditions his decisions to improve its agricultural productivity. 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

6 

The level of education (LEVEDUC) negatively influences the choice of this strategy to the threshold of 
10%. The more the education level of the farmers is raised, the less they will tend to adopt this 
adaptation strategy to combat soil fertility decreasing. In this zone, the producers having a high level of 
education are generally civil servants who work elsewhere, and thus do not have enough time to 
devote themselves to a constraining technique. Even when they make agriculture, they have access to 
several sources of information which guide them to use other adaptation strategies to improve their 
agricultural production. They have also the financial capacity to use the chemical fertilisers. Education 
is a factor affecting the adoption and the application of the technological innovations in rural medium 
(Kienken, 2007). 

The local technical skills (TECHSKIL) had significant effects on the probability of the choice of the 
strategy to the threshold of 5%. However, it is to be raised that with the negative sign of the coefficient, 
one notes that the more the farmers have local techniques, the more they will have tendency to less 
adopting this adaptation strategy which really is very forced (time, energy, labor). The use of chemical 
fertilizers or green manures for example, is less constraining and effective when one has financial 
means. 

The access to resources (ACCESRES) (ground particularly) is a variable which had significant effects 
with the threshold of 5%. However, the negative sign observed makes believe that the farmers having 
more resources in will have tendency to less adopting this strategy. Because, the great landowners are 
not ready to use the organic manure because of the significant quantities required, especially that the 
availability of this manure poses problem due to the fact that bovine breeding is progressively 
abandoned following the past and current droughts. 

Moreover, one observes positive significant effects (5%) of the variable local social relations in village 
(LOCLINKS) on the probability of the choice of the strategy.  What stipulates that the farmers having 
solid social relations in the village will have tendency to adopting this adaptation strategy more. That 
consolidates our assumption which the individuals do not come in closed environment; they are 
influenced by their entourage. In the same way, the existence of solid local social relations facilitates the 
access to the organic manure and the labor during work periods. 

Let us note finally that, other variables a priori relevant present in the model do not have any 
significant effect on the choice of the strategy by the farmers, although these variables influence its 
choice. It is in particular about the age of the household heads, the sex, the external assistance, the 
experience in agriculture, the availability of labor, the access to credit, the markets and information, and 
the sending of children to school. 

Conclusion and recommendations 

The Logit model used to determine the socio-economic variables which influence the use of the organic 
manure reveals the existence of a correlation between certain socio-economic factors and the use of the 
strategy. Thus, we notes that the socio-economic variables such as the marital status, the local technical 
skill, the access to resources, the social relations in the village have a significant influence on the 
probability of use of the organic manure to the threshold of 5%, and the level of education of the 
household heads to the threshold of 10%. Among these variables, some have positive effects on the 
probability of use of the strategy, in particular, the marital status and the local social relations in the 
village, while, others affect the choice of the strategy negatively, in particular, the level of education, 
local technical skills and the access to resources. 

It is possible to reduce the vulnerability of the natural and human systems to climate change by 
implementing policies and adaptation measures which accompany the endogenous and local solutions 
practiced by the local populations. Thus, in order to increase the probability of adoption of the organic 
manure use to combat soil fertility, the following recommendations can be made: 
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 to reinforce the sensitizing of the farmers on the importance of the organic manure in the Figureht 
against soil fertility declining 

 the social relations in the village are also significant, and in this case, the government through the 
qualified engineering departments (agriculture, breeding) must incite and support these farmers to 
militate in associative groupings 

 to improve the access of the farmers to agricultural information through agricultural extension 
services 

 to solve the land problem by allocating some piece of land to the new immigrants in the various 
villages 

 to encourage preparation and use of compost in the place of organic manure for which availability is 
a limiting factor. 
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