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Abstract 

This study presents agroforestry practices by farmers in Mount Bamboutos, why they adopt agroforestry practices and 
main constraints towards adoption as well as the relationship between agroforestry practices and household food 
security. A purposive sampling technique was used to administer 195 questionnaires. Data collected were analyzed 
using both descriptive and inferential statistics. The demographic information analyzed showed that the majority of 
respondents were males (76%) and all were literate with a majority using fuel wood as their main source of energy. The 
major agroforestry practices were, planting of fodder, fertilizer, fruit and timber trees, compost manure and farm yard 
manure preparation. The highest year of adoption of agroforestry practices was in 2019. Most (50%) of the respondents 
adopted agroforestry practices for better crop yields. However, the main constraints to agroforestry adoption were lack 
of training, lack of seeds and much labour involved. Lack of training was the greatest constraint cited by respondents. 
39% of the respondents were food secure and apart from compost manure practice that was negatively associated with 
food security, all the other agroforestry practices were positively associated with food security. Based on findings of 
this study, it is recommended that extension agents and other stakeholders should intensify efforts to educate and train 
more farmers on the practice and advantages of agroforestry. This will go a long way to increase adoption rate while 
ensuring food security.  
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1. Introduction

Agroforestry system is an integrated approach to solving land use problems. It is a form of sustainable land use 
system that combines tree with crop or animal husbandry simultaneously and sequentially. Agroforestry is the common 
farming practice that has been promoted throughout Africa due to its economic and social benefits [1]. 

Following the above definition, the main components of agroforestry systems are crops, trees and livestock. There are 
three key agroforestry systems namely agro-silviculture (trees and crops), silvopastoral (trees and livestock), and 
agrosilvopastoral (trees, crops and livestock) [2, 3, 4]. The practice of any agroforestry system ensures that farmlands 
remain productive for most of the time [5] and livelihoods are diversified [6,]. Some of the trees integrated in the farm 
fix nitrogen through root nodules as well as recycle nutrients and prevent wind and water erosion by means of their 
canopies and roots [1, 2]. The green foliage from trimming/pruning or pollarding serves as green manure and improves 
soil nutrients [6]. Annual production of litter (leaves, twigs and flowers) also contributes to nutrient cycling [5]. 
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Trees are very important as they provide soil and undergrowth production, wind speed reduction, moderation of 
extreme climatic conditions, and improvement of soil fertility [2, 7] as well as fruits, nuts, building materials and fodder 
[3, 5, 8]. Some agroforestry practices involving trees are, live fences, alley cropping, improved fallow, shelter belts, 
scattered trees on croplands and home gardens [9]. With the high plant diversity in these agroforestry farms [10], a 
wide spectrum of multiple-use plant products can be generated with relatively low labour, cash or other inputs [11]. In 
seasons of scarcity agroforestry systems with their diverse products available year-round, contribute towards food 
security [12]. 

Tree-based agroforestry land use practice is the most crucial for improving smallholder farmer’s livelihoods [13]. With 
the expansion in the world population, the food problem has become increasingly severe, with the number of those 
malnourished reaching 3 billion [14]. Assessing the rate of population growth and rate of food production in Africa, 
Bishaw and Abdelkadir [15], found that during the period of 1993 to 2003 up till now, Africa’s rate of population growth 
has been higher than the rate of food production. Despite the identification of food security as an important policy goal 
in Africa, too many African countries continue to be food insecure especially among the urban-poor [14]. This can be 
reversed through conscious integration of agroforestry practices into rural and urban development [16]. Agroforestry 
practices provide an additional food supply and cash income for the people.  

The importance of agroforestry practices is based on the complexity of interactions between species that occur within 
agroforests, and their apparent sustainability over time in order to meet the people’s needs in terms of food, fuel wood, 
livestock products (milk, eggs, meat) fodder, income and building materials. The primary emphasis of some practices 
like home gardens is food production for household consumption [17, 18]. 

Food insecurity is a major concern today in many parts of Cameroon which are fuelled by the increase in population 
density. High population density has put a lot of pressure on land as more of it is required for settlement [19]. This has 
led to land fragmentation, which has negatively affected food production, hence, resulting into food insecurity. Poor 
farming practices have led to decrease soil fertility and low crop yields [9]. Based on the MDG’s goals for poverty 
alleviation, intensification and diversification of production strategies are of importance to meet the food and land 
requirement for the increased population. Land use practices thus have to be intensified to maximize food production 
on the small land available. Agroforestry has been identified as a means of providing all year-round access to food for 
rural households [11, 20] that helped smallholder farmers to support their families [21].  

The Mount Bamboutos landscape is a biodiversity hotspot that is in constant threat of encroachment by local farmers. 
For over three years the Environment and Rural Development Foundation (ERuDeF), a Cameroon based non-
governmental organization together with her partners have been encouraging and training farmers on agroforestry for 
improved crop yields and to reduce encroachment. There is therefore need to access the contribution of these 
agroforestry practices to food security in this area. This study was meant to answer the following questions;  

What type of Agroforestry technologies are practiced in the study area?  
Which factors influence the adoption of agroforestry practices by households.  
What is the relationship of these technologies to household food security?  

The findings obtained from this study will be useful in redirecting, improving and strengthening the existing 
Agroforestry programmes in the Mount Bamboutous landscape and elsewhere in the country.  

2. Material and methods 

2.1. Study area 

The Bamboutos Mountain is located between latitude 5°32’ and 5°51’ North of the equator and longitude, 956’ and 1009’ 
east of the Greenwich Meridian and extends from an altitude of 2000m to 2700 m above sea level. Mean maximum 
temperature is between 20-22˚C; mean minimum 13-14˚C. Rainfall varies from 1780 – 2290mm per year. The weather 
conditions of the area favour crop production and animal rearing. The soils are characterized by low bulk density 
(0.73g/cm3) and a loamy texture [22]. 

2.2. Data collection  

A purposive sampling design was used in this study. Eighteen villages within the Mount Bamboutos landscape were 
randomly selected out of 32 villages. A total of 195 questionnaires were administered to rural farmers in the 18 villages. 
Data gathered include: respondent’s demographic attributes, source of farm land, farm size, source of energy, livelihood 
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activities, adoption of agroforestry practices and constraints to its adoption as well as information of household food 
security. 

2.3. Statistical analysis 

The data collected from the respective respondents were edited to correct any missing information on the 
questionnaires and to ensure accurate results. Later, the data were coded with the aid of SPSS v23. Descriptive statistics 
and correlations were used to analyze the data collected. The descriptive statistics which include frequency distribution 
and percentage were used to summarize the respondents’ socioeconomic characteristics. The household food insecurity 
access scale (HFIAS) was used to categorise households into four food security categories [23]. The Pearson correlation 
coefficient was used to determine the association between agroforestry practices and household food security. Based 
on the results, some deductions were made and appropriate recommendations for policy action provided.  

3. Results and discussion 

3.1. Demographic and socioeconomic characteristics of respondents 

Table 1 Demographic and socioeconomic characteristics of respondents  

Variable Description Frequency Percentage 

Sex 
Male 148 76 

Female 47 24 

Age ranges (Years) 

20-30 33 17 

31-50 66 34 

51-60 53 27 

Above 60 43 22 

Household size 

 1 - 5  66 34 

 6 - 10 92 47 

 11 - 15 22 11 

16-20 5 3 

Above 20 10 5 

Educational status 

Primary 95 49 

Secondary 71 36 

High school 19 10 

Higher National diploma 7 3.5 

Bachelors 1 0.5 

Masters 2 1 

Main income source 

Crop farming 158 81 

Livestock farming 26 13 

Business 3 1.5 

Government job 5 2.5 

others 3 1.5 

Main source of energy 

Fuel wood 188 96.5 

crop residues 3 1.5 

others 4 2 

Most of the respondents were male (76 %), with just 24% female (Table 1). This implies that the majority of local 
residents engaging in agroforestry in the Mount Bamboutos landscape are males. There is gender disparity in 
agriculture in the region and this may explain the low number of females observed in this study. In Cameroon like some 
African countries most men have access to land and credit facilities whereas women do not. Generally, agroforestry 
practices are mostly done by men because of the cultural values and responsibilities of men in families. Women tend to 
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be more interested in cultivating crops for food consumption rather than cultivating tree crops. This trend of gender 
disparity was observed in Rwanda [24]. Although women are traditionally important participants in both agricultural 
and forestry components of agroforestry production, they are frequently ignored in the design of agroforestry [25].  

A majority (61%) of the respondents were age between 31 and 60 years. This is an active age and it is interesting to 
note that 22% of the respondents were older than 50 years and 17% of age between 20 and 30 years. This is an 
indication that the young people are picking up the profession to replace the old people. Most (47%) of the respondents` 
households consisted of 6 -10 persons. These are large household sizes with the advantage of providing labour for the 
farm if most members can work in the farm. The downside of a large household size with very young or very old people 
is that they cannot contribute to household income.  

There were no illiterates in the respondent population with a majority (49%) of the respondents having atleast primary 
education. The level of education is very important in farming for research has shown that educated farmers take very 
reasonable decisions concerning their farms [26]. The main source of income for most of the respondents (81%) was 
crop farming followed by livestock farming (13%). 96.5% of the respondents use fuel wood as their main source of 
energy.  

3.2. Agroforestry practices adopted in the Mount Bamboutos  

The respondents revealed that they started practicing agroforestry in the study area since 2013, however the highest 
rate of adoption was observed in 2019. In 2019, ERuDeF was actively involved in sensitizing, training and providing 
seeds for agroforestry practices in the study area. Six major agroforestry practices (planting of fodder, fertilizer, fruit 
and timber trees, compost and farm yard manure) were carried out by the respondents as described in Table 2 below. 

Table 2 Agroforestry Practice Status of Participants 

Variable Description Frequency Percentage 

Type of agroforestry practice * 

Fertilizer trees 106  

Fodder trees 70  

Fruit trees 103  

Timber trees 89  

Farmyard manure 67  

Compost 41  

year adopt agroforestry 

2013 23 12 

2016 23 12 

2017 38 20 

2018 28 14 

2019 57 29 

2020 26 13 

*= Multiple responses allowed 

Fertilizer trees add nutrients to the soil through nitrogen fixing in the nodules. The main species planted in the study 
area was Trephosia. It is known to have both fertilizer and pesticidal properties. Fodder trees are used to feed animals. 
Their leaves and soft branches are harvested and fed to animals. The main species planted in the study area was 
Leuceana Lecophala. 

Fruit trees provide food for family consumption as well as for income generation. They are a very important component 
of an agroforestry system. The most planted fruit tree in the study area was avocado. Timber trees are used for 
construction, furniture production or sold for income generation. They also provide fuel wood for the farmer.  
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Farmyard and compost manures are used to improve soil fertility and in the Trans Nzoia district in Western Region-
Kenya several success stories from farmers have been recorded [27]. The manures were prepared from a combination 
of organic materials and animal wastes. Most of the respondents reared livestock and used their waste for manure 
production. The main livestock reared in the study area were; chicken, pigs, goats, sheep, guinea pigs, rabbits, and grass 
cutters.  

3.3. Adoption of agroforestry practices 

The respondents stated four main reasons why they adopted agroforestry practices (Figure 1). Most (50%) respondents 
adopted agroforestry practices for better crop yields, this was followed by for diverse income (20%), for fuel wood 
production (15%) and for animal feed (14%). With declining soil fertility, farmers try to improve soil quality and hence 
crop yields through agroforestry practices. Agroforestry has the ability to (1) enrich soil organic carbon better than 
monocropping systems, (2) improve soil nutrient availability and soil fertility due to the presence of trees in the system, 
and (3) enhance soil microbial dynamics, which would positively influence soil health [28]. Responses of the 
interviewed farmers show that farmers were indeed convinced that agro-forestry help them to replenish soil fertility 
and hence improved yields. This is similar to the results of detailed field and case studies carried out in Western Kenya 
[29]. The multipurpose function of agroforestry gives the farmer the possibility to have income from multiple sources. 
Almost all (96.5%) of the respondents in the study area agreed that their main source of energy was fuel wood. 
Agroforestry practices help farmers to have enough fuel wood for their households. Respondents reared animals and 
needed to feed the animals; this justifies why fodder trees were among the major agroforestry practices in the study 
area.  

 

Figure 1 Reasons for agroforestry practices adoption 

3.4. Constraints to the adoption of agroforestry practices 

It was noted that the different agroforestry practices were not adopted at the same rate and this research sorted to find 
out the reason. Three main constraints were put forth by the respondents namely; lack of training, lack of seeds and too 
much labour. As presented in Figure 2 lack of training was rated as the main constraint for the adoption of agroforestry 
practices. Lack of seeds was rated as a second main constraint to the adoption of agroforestry practices no matter the 
type of agroforestry practice. As evoked by the respondents, seeds for fertilizer, fodder, fruit and timber trees were not 
readily available. Association between adoption of some agroforestry technologies with knowledge of the technology, 
availability of seed, and having the appropriate skills was found in a study among smallholder farmers in Zambia [30]. 
The importance of training for agroforestry adoption was evident in a study in Zimbabwe where formally trained 
farmers adopted agro-forestry technologies more than informally-trained farmers [31]. In Rwanda, it was found that 
due to lack of skills and technical know-how, capital and quality seeds, some farmers were declining to adopt the 
agroforestry practices [32].  

Lack of knowledge and lack of seed/planting materials influence the adoption of agro-forestry [33]. Concerning the 
practice of manure production, labour was cited as the second constraint to its adoption. Manure production requires 

Y 

X 
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shredding of material, layering, mixing and watering. Most farmers consider the activities to be labourous and would 
not want to do it. 

 

 

Figure 2 Constraints to the adoption of agroforestry practices 

3.5. Food security situation of the respondents 

The household food security status of the respondents is presented in Figure3. 39% of the respondent households were 
food secure, while 28% were severely food insecure. Food insecure households are those that experience inadequate 
food intake due to lack of resources that enable them to command or produce food needed to maintain an acceptable 
level of consumption. They result to skipping meals, eating less and doing activities that they don`t prefer in order to 
get food. 

 

Figure 3 Household food security status in the Mount Bamboutos landscape 

3.6. Association between agroforestry practices and food security 

It was necessary to find out if practicing agroforestry was associated with household food security. A Pearson 
correlation which is used to find the association between two categorical variables was used. The results showed that 
household food security was significantly and positively associated with the planting of fodder trees, timber trees and 
fruit trees (Table3). These results are in agreement with a study which reported that agroforestry supports food and 
nutritional security through the direct provision of food, by raising farmers’ incomes and providing fuel for cooking, and 
through various ecosystem services [34]. Other researchers have illustrated how agroforestry systems can increase 

X 
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yield while also advancing multiple sustainable development goals (SDGs), especially for the small developing-world 
agriculturalists central to the SDG framework. Agroforestry also increases resilience of crops and farm livelihoods, 
especially among the most vulnerable food producers. The adoption of agroforestry practices on farmland would greatly 
boast food production and soil nutrients [35]. Fertilizer trees improve food security for adopters in maize-based mixed 
farming systems through increased in average value of food production and maize productivity [36]. Apart from 
compost manure that was negatively associated with food security, all the other agroforestry practices were positively 
associated with food security. The negative association could be attributed to the non-mastering of the composting 
technique that usually results in compost of low quality that does not pay off.  

Table 3 Pearson correlation between food security status and agroforestry practices 

Variable Fodder 
trees 

Timber 
trees 

Fertilizer 
trees 

Fruit 
trees 

Farm yard 
manure 

Compost 
manure 

Food 
security 
status 

Fodder trees 1       

Timber trees 0.594** 1      

Fertilizer trees 0.554** 0.580** 1     

Fruit trees 0.630** 0.570** 0.684** 1    

Farm yard manure 0.356** 0.544** 0.551** 0.519** 1   

Compost 0.434** 0.549** 0.331** 0.576** 0.462** 1  

Food security status 0.240** 0.284** 0.002 0.225** 0.146 -0.014 1 

** Correlation coefficient significant at 1% alpha level 

4. Conclusion 

Most respondents were males (76%) and were all literate with a majority using fuel wood as their main source of 
energy. The major agroforestry practices were, planting of fodder, fertilizer, fruit and timber trees, compost and farm 
yard manure preparation. The highest year of adoption of agroforestry practices was in 2019. The reasons for the 
adoption of agroforestry practices were; for better crop yields, fuel wood, animal feed and for diverse income. The main 
constraints to the adoption of agroforestry practices were lack of training, lack of seeds and much labour involved. 39% 
of the respondents were food secure and 28% severely food insecure. Apart from compost manure that was negatively 
associated with food security, all the other agroforestry practices were positively associated with food security. It is 
recommended that extension agents and other stakeholders should intensify efforts to educate and train more farmers 
on the practice and advantages of agroforestry. This will go a long way to increase adoption rate while ensuring food 
security.  
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