
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: nyongprincely@gmail.com; 
 
 
 

International Journal of Plant & Soil Science 
 
32(17): 52-60, 2020; Article no.IJPSS.64185 
ISSN: 2320-7035 

 
 

 

 

Assessing the determinants of soil fertility in cocoa-
based (Theobroma cacao) agroforestry systems in 

the Littoral region of Cameroon 
 

Azembouh Roshinus Tsufac1, Nyong Princely Awazi1*  
and Bernard Palmer Kfuban Yerima2 

 
1
Department of Forestry, Faculty of Agronomy and Agricultural Sciences, P.O. Box 222, Dschang; 

University of Dschang, Cameroon. 
2
Department of Soil Sciences, Faculty of Agronomy and Agricultural Sciences, P.O. Box 222, 

Dschang; University of Dschang, Cameroon. 
  

Authors’ contributions 
 

This work was carried out in collaboration among all authors. All three authors took an active part in 
the conception, data collection, data analysis and write up. All three authors read and approved the 

final manuscript. 
 

Article Information 
 

DOI: 10.9734/IJPSS/2020/v32i1730386 
Editor(s): 

(1) Dr. Muhammad Shehzad, The University of Poonch Rawalakot AJK, Pakistan. 
Reviewers: 

(1) Daniel Chukwuemeka Amaogu, University of Port Harcourt, Nigeria. 
(2) Mohammad h Golabi, University of Guam Mangilao, USA. 

Complete Peer review History: http://www.sdiarticle4.com/review-history/64185 

 
 
 

Received 25 October 2020 
Accepted 30 December 2020 

Published 31 December 2020 

 
 

ABSTRACT 
 
Soil fertility decline is a reality across the globe. Soil infertility has led to falling crop yields for both 
food and cash crops precipitating both poverty and food insecurity. Poor agricultural practices have 
often been blamed for declining levels of soil fertility. It was within this framework that this study 
was carried out to assess soil fertility levels in cocoa-based agroforestry systems in the Littoral 
region of Cameroon. Through the use of a mixed research approach and descriptive and inferential 
statistical analysis it was found that the most perceived indicators of soil fertility by cocoa farmers in 
cocoa-based agroforestry systems were cocoa yields (100%), soil colour (90%), indicator plant 
species (75%), presence of soil macro-organisms (80%), indicator weed species (65%), growth 
rate/vigour of the cocoa plant (70%),  and level of compaction of the soil (50%). Chi-square test 
statistic (X2 = 15.92, p<0.05) revealed that there was a statistically significant difference in cocoa 
farmers’ perceptions of soil fertility indicators in cocoa-based agroforestry systems. Most cocoa 
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farmers perceived the level of soil fertility in cocoa-based agroforestry systems to be between 
average (29%) and low (43%). Very few cocoa farmers perceived that soil fertility level in cocoa-
based agroforestry systems was very high (5.3%). Chi-square test statistic (X

2 
= 38.42, p<0.05), 

revealed the existence of a statistically significant difference in cocoa farmers’ perception of the 
level of soil fertility in cocoa-based agroforestry systems. Correlation and regression analyses 
showed the existence of a direct and inverse non-causal and causal relationship respectively 
between several explanatory variables and soil fertility in cocoa-based agroforestry systems. It was 
noticed that explanatory variables such as fertilizer/manure application, diversity of tree species in 
the cocoa agroforests,  diversity of soil macro-fauna in the cocoa agroforests, and density of soil 
macro-fauna in the cocoa agroforests, all had a statistically significant (p<0.05) direct non-causal 
and causal relationship with soil fertility in cocoa-based agroforestry systems. Meanwhile, 
explanatory variables such as age of the cocoa farm, density of cocoa plants in the cocoa 
agroforests, and application of agrochemicals in the cocoa agroforests, all had a statistically 
significant (p<0.05) non-causal and causal relationship with soil fertility in cocoa-based agroforestry 
systems. It is therefore recommended that there should be more organic fertilizer/manure 
application, more diversity of tree species in the cocoa agroforests, and measures to ensure the 
diversity and density of soil macro-fauna in cocoa-based agroforestry systems. 
 

 
Keywords: Cocoa farmers; cocoa; soil fertility; soil; agroforestry; cocoa agroforests; Cameroon. 

 
1. INTRODUCTION 
 
Agroforestry being an agro-ecological, climate-
smart, environmentally friendly, and sustainable 
practice, has many ecosystem services, one of 
which is soil fertility enhancement [1–8]. As 
defined by Nair [9] and Leakey [10], agroforestry 
is a landuse system where woody perennials 
and/or shrubs are deliberately integrated into 
croplands and pasture lands. The tree/shrub 
component which is omnipresent in all 
agroforestry systems plays a key role as far as 
soil fertility improvement is concerned – 
facilitates the nutrient cycling process. 
 
Across sub-Saharan Africa, three (03) main 
agroforestry systems exist, characterized by 
several practices [5]. These agroforestry systems 
include agrosilvopastoral, silvopastoral, and 
agrisilvicultural systems [5]. These three main 
systems are characterized by several practices 
like home gardens with livestock, home gardens, 
trees on croplands, trees on grazing lands, 
coffee-based agroforestry, rubber-based 
agroforestry, oil palms-based agroforestry, 
entomoforestry, aquaforestry and many others 
[5]. All these practices provide a plethora of 
ecosystem services, one being soil fertility 
enhancement [6,11]. 
 
In Cameroon, all the aforementioned agroforestry 
systems and practices exist [8,12-14]. Cocoa-
based agroforestry systems in particular are 
dominant especially in the humid southern part of 
the country characterized by high mean annual 
temperatures and high average annual rainfall 

[15–26]. These cocoa-based agroforests are 
controlled by smallholder farmers who are mostly 
resource poor, and largely depend on the sale of 
cocoa for survival [27– 28]. Low cocoa yields and 
price fluctuations have pushed some of these 
smallholder cocoa farmers out of the cocoa 
sector [21]. Poor cocoa yields have been caused 
by poor soils and many other factors such as the 
lack of quality inputs (hybrid cocoa seedlings and 
quality fertilizers) and poor management of 
cocoa farms [21,25,28]. Most studies carried out 
on cocoa agroforests in Cameroon [17,22–26] 
have mainly focused on tree diversity and density 
within cocoa agroforests with limited focus on soil 
fertility. This study was therefore undertaken to 
fill this research gap through the examination of 
cocoa farmers’ perceptions with respect to soil 
fertility in cocoa-based agroforestry systems. 
More specifically, the study was carried out to: 
(1) Identify the different soil fertility indicators 
perceived by farmers in cocoa-based 
agroforestry systems; (2) Assess the level of soil 
fertility perceived by farmers in cocoa-based 
agroforestry systems; (3) Examine the factors 
influencing soil fertility in cocoa-based 
agroforestry systems. Thus, this study will add to 
the limited body of literature regarding the factors 
affecting soil fertility in cocoa-based agroforestry 
systems. 
 

2. MATERIALS AND METHODS 
 

2.1 Location of the Study Area 
 
The study was carried out in Melong 
administrative district, Mungo Division, littoral 
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region of Cameroon. It is located latitudinally and 
longitudinally between 4ᵒ22’ to 6ᵒ20’ N and 9ᵒ17’ 
to 10ᵒ52’ E respectively.  Melong administrative 
district falls within one of the five agro-ecological 
zones of Cameroon – the Western Highlands. 
The Western Highlands of Cameroon is a vast 
area covering roughly 50,000 km

2
 made up of 

the entire northwest and southwest regions as 
well as parts of the littoral and southwest regions 
of Cameroon. Agriculture is the main economic 
activity of the population resident in the Western 
Highlands making the region one of the major 
breadbaskets of Cameroon and the Central 
African sub-region [29].  
 
Cocoa-based agroforestry systems being one of 
the predominant agricultural systems in Melong 
administrative district, the area was chosen 
purposively as the site for our study. Melong sub-
division was created in 1962 by Decree No. 
62/17 of 26/12/1962 [30]. It has a surface area of 
497 Km2 and a population of about 102,000 
inhabitants living in rural and urban centres [30]. 
Melong sub-division shares territorial boundaries 
with different localities i.e. Santchou municipality 
to the north; Nguti municipality to the northwest; 
Bangem municipality to the west; Nkongsamba 
municipality to the southwest; Baré municipality 
to the southeast; the Nkam river and Kékem 
municipality to the east. The climate is humid 
tropical characterized by two main seasons i.e. a 
short rainy season and a long dry season. The 
vegetation type is dominated by degraded forest 
interspersed with patches of savannah 
grassland. Soils include andosols, ferralitic and 
volcanic soils. Melong sub-division is 
characterized by a rolling topography made up of 
hills, plains and valleys. The hydrographical 
network is dense characterized by several rivers 
and streams. A diversity of flora and fauna 
species equally characterizes the locality of 
Melong. 
 

2.2 Sampling Technique  
 
To achieve the objectives of the study, 
biophysical and socio-economic data were 
collected from and secondary sources. For 
primary data collection in particular, the multi-
stage sampling procedure was followed: 
 
The multi-stage sampling technique was used as 
reported in previous studies [12,31,14]. At the 
first stage, the study area (Mungo division in 
general and Melong administrative district more 
specifically) was purposively chosen owing to the 
predominance of cocoa-based agroforestry 

systems. At the second stage, focus group 
discussions and key informant interviews were 
carried out in order to get a general picture of 
cocoa farmers’ and resource persons’ 
perceptions with respect to the cocoa-based 
agroforestry system, soil fertility indicators, and 
levels of soil fertility in cocoa-based agroforestry 
systems. The third stage involved household 
surveys during which semi-structured 
questionnaires were administered to some 300 
randomly selected cocoa farmers practicing the 
cocoa-based agroforestry system. The 
questionnaires were designed to obtain 
information regarding the socio-economic and 
demographic attributes of cocoa farmers, soil 
fertility indicators, levels of soil fertility in cocoa-
based agroforestry systems and factors affecting 
soil fertility in cocoa-based agroforestry systems. 
The fourth stage involved direct field 
measurements on cocoa-based agroforestry 
farm plots of cocoa farmers. In this phase, soil 
bio-chemical parameters were taken for 
laboratory analysis. Agricultural extension agents 
were pivotal at each of these stages because of 
their better mastery of the study area.  
 

2.3 Data Collection  
 
Secondary data (on fauna and flora, soils, 
agricultural practices of cocoa farmers, etc) were 
collected from different administrative services 
including Divisional and Sub-Divisional 
Delegations of Forestry and Wildlife, Economy 
and Regional Planning, Agriculture and Rural 
Development, Environment and Nature 
Protection; Archives of Municipal Councils found 
in the Mungo Division in general and Melongsub-
divisiont in particular;  The libraries of the Faculty 
of Agronomy and Agricultural Sciences as well 
as that of the Department of Soil Science as well 
as Forestry; Scientific articles, books and book 
chapters both offline and online; different internet 
websites. Secondary data were collected in order 
to verify and compare findings from elsewhere 
across Cameroon, Africa and the world to what 
obtains in Melong sub-division. 
 
Primary data were collected through household 
surveys, direct field measurements as well as 
direct field observations. Household surveys 
were conducted through the administration of 
semi-structured questionnaires to 300 randomly 
chosen cocoa farmers involved in cocoa-based 
agroforestry systems.  Questionnaires were 
designed in order to collect information relative to 
socio-economic and demographic characteristics 
of cocoa farmers, indicators of soil fertility, soil 
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fertility levels in cocoa-based agroforestry 
systems, as well as factors affecting soil fertility 
in cocoa-based agroforestry systems. Data 
collected from household surveys was 
triangulated with that collected through focus 
group discussions and key informant interviews 
in order to give the findings some credibility and 
scientific rigour.  
 

2.4 Data Analysis 
 

Data analysis was done on Microsoft Excel 2007 
and SPSS 17.0 making use of descriptive and 
inferential statistics. Descriptive statistics 
computed were charts, graphs, tables as well as 
percentage indices, while analytical/inferential 
statistics computed were Spearman’s correlation, 
chi-square test statistic, and logistic regression 
analyses. Mostly non-parametric tests like chi-
square and discrete choice regressions like the 
logistic regression were used because the data 
were mainly qualitative. The inferential statistics 
were used to examine the non-cause-effect and 
cause-effect relationship existing between 
different independent variables and soil fertility in 
cocoa-based agroforestry systems. 
 

3. RESULTS 
 

3.1 Cocoa Farmers’ Perceived Indicators 
of Soil Fertility in Cocoa-Based 
Agroforestry Systems  

 

Cocoa farmers’ perceptions of the indicators of 
soil fertility in cocoa-based agroforestry systems 
were varied (Table 1). 
 

From Table 1, it seen that the most perceived 
indicators of soil fertility by cocoa farmers in 
cocoa-based agroforestry systems were cocoa 
yields (100%), soil colour (90%), indicator plant 
species (75%), presence of soil macro-
organisms (80%), indicator weed species (65%), 
growth rate/vigour of the cocoa plant (70%),  and 
level of compaction of the soil (50%). Chi-square 
test statistic (X2 = 15.92, p<0.05) revealed that 
there was a statistically significant difference in 
cocoa farmers’ perceptions of soil fertility 
indicators in cocoa-based agroforestry systems. 
 

3.2 Cocoa Farmers’ Perceptions of Level 
of Soil Fertility in Cocoa-Based 
Agroforestry Systems  

 
Cocoa farmers’ perceptions of the level of soil 
fertility in cocoa-based agroforestry systems 
differed (Table 2). 

Table 2 showed that most cocoa farmers 
perceived the level of soil fertility in cocoa-based 
agroforestry systems to be between average 
(29%) and low (43%). Very few cocoa farmers 
perceived that soil fertility level in cocoa-based 
agroforestry systems was very high (5.3%). Chi-
square test statistic (X

2 
= 38.42, p<0.05), 

revealed the existence of a statistically significant 
difference in cocoa farmers’ perception of the 
level of soil fertility in cocoa-based agroforestry 
systems. 
 

3.3 Factors Influencing Soil Fertility in 
Cocoa-Based Agroforestry Systems 

 
Correlation and regression analyses showed the 
existence of a direct and inverse non-causal and 
causal relationship respectively between several 
explanatory variables and soil fertility in cocoa-
based agroforestry systems (Table 3). 
 
From Table 3, it is noticed that explanatory 
variables such as fertilizer/manure application, 
diversity of tree species in the cocoa agroforests,  
diversity of soil macro-fauna in the cocoa 
agroforests, and density of soil macro-fauna in 
the cocoa agroforests, all had a statistically 
significant (p<0.05) direct non-causal and causal 
relationship with soil fertility in cocoa-based 
agroforestry systems. Meanwhile, explanatory 
variables such as age of the cocoa farm, density 
of cocoa plants in the cocoa agroforests, and 
application of agrochemicals in the cocoa 
agroforests, all had a statistically significant 
(p<0.05) non-causal and causal relationship with 
soil fertility in cocoa-based agroforestry systems. 

 
4. DISCUSSION 
 
4.1 Perceived Indicators of Soil Fertility 

by Cocoa Farmers in Cocoa-Based 
Agroforestry Systems 

 
The most perceived indicators of soil fertility by 
cocoa farmers in cocoa-based agroforestry 
systems were cocoa yields, soil colour, indicator 
plant species, presence of soil macro-organisms, 
indicator weed species, growth rate/vigour of the 
cocoa plant, and level of compaction of the soil. 
This goes to show that these indicators are 
foolproof indicators that have been ingrained in 
the psyche of cocoa farmers from time 
immemorial. Studies carried out across 
Cameroon and other parts of Africa have shown 
that farmers perceived different indicators of soil
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Table 1. Indicators of soil fertility in cocoa-based agroforestry systems 
 
Soil fertility indicator Frequency (n) Percentage (%) X

2
 p-level 

Cocoa yield 300 100 15.92* 0.041 
Soil colour 270 90 
Indicator weed species 195 65 
Indicator plant species 225 75 
Soil macro-organisms 240 80 
Soil texture 135 45 
Soil compaction  150 50 
Growth rate/vigour of cocoa plant 210 70 
Others (humus) 30 10 

* Significant at 5% probability level 

 
Table 2. Level of soil fertility in cocoa-based agroforestry systems 

 
Level of fertility Frequency (n) Percentage (%) X

2
 p-level 

Very high 16 5.3 38.42* 0.000 
High 25 8.4 
Average 87 29 
Low 129 43 
Very low 43 14.3 
Total 300 100   

* Significant at 5% probability level 

 
Table 3. Factors affecting soil fertility in cocoa-based agroforestry systems 

 
Explanatory variable Correlation 

coefficient (r) 
p-level Logistic regression 

coefficient (B) 
p-level 

Age of cocoa farm -0.56* 0.000 -1.47* 0.019 
Fertilizer/manure application 0.64* 0.000 2.01* 0.000 
Diversity of tree species in the 
system 

0.50* 0.000 1.22* 0.026 

Density of tree species in the 
system 

-0.79* 0.000 -2.55* 0.000 

Density of cocoa plants -0.73* 0.000 -2.31* 0.000 
Application of agrochemicals -0.51* 0.000 -1.24* 0.023 
Diversity of soil macro-organisms 0.68* 0.000 2.04* 0.000 
Density of soil macro-organisms 0.65* 0.000 2.01* 0.000 
Likelihood ratio X

2
   113.52 0.000 

Pseudo R
2
   0.446  

Number of observations   300  
* Significant at 5% probability level 

 
fertility [20,25,32–35]. However, most of these 
studies were carried out in other agricultural 
systems. This study by focusing on the cocoa-
based agroforestry system has filled a research 
gap. 
 

4.2 Cocoa Farmers’ Perceptions of Level 
of Soil Fertility in Cocoa-Based 
Agroforestry Systems  

 
Most cocoa farmers perceived the level of soil 
fertility in cocoa-based agroforestry systems to 
be between average and low. Very few cocoa 
farmers perceived that soil fertility level in cocoa-
based agroforestry systems was very high. On 

the basis of cocoa farmers’ perception, there is 
clear evidence that soil fertility in cocoa 
agroforests has declined drastically. This could 
be attributed to poor agricultural practices like 
excessive application of agrochemicals which kill 
soil organisms – soil engineers contributing to 
soil fertility enhancement, as well as aging farms 
and poor management of cocoa farms. Although 
agroforestry systems provide many ecosystem 
services – one being soil fertility enhancement 
[1–2,5–6], the declining soil fertility levels in 
cocoa-based agroforestry systems could be 
attributed to poor management of the cocoa 
farms as well as poor agricultural practices taken 
up by most cocoa farmers. 
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4.3 Factors Influencing Soil Fertility in 
Cocoa-Based Agroforestry Systems 

 
Correlation and regression analyses showed the 
existence of a direct and inverse non-causal and 
causal relationship respectively between several 
explanatory variables and soil fertility in cocoa-
based agroforestry systems. It was noticed that 
explanatory variables such as fertilizer/manure 
application, diversity of tree species in the cocoa 
agroforests, diversity of soil macro-fauna in the 
cocoa agroforests, and density of soil macro-
fauna in the cocoa agroforests, all had a 
statistically significant direct non-causal and 
causal relationship with soil fertility in cocoa-
based agroforestry systems. This implies that an 
increase in fertilizer/manure application, diversity 
of tree species in the cocoa agroforests, diversity 
of soil macro-fauna in the cocoa agroforests, and 
density of soil macro-fauna in the cocoa 
agroforests, leads to an increase in soil fertility in 
cocoa-based agroforestry systems. This could be 
attributed to the fact that all these factors 
contribute towards adding more nutrients to the 
soil, which goes a long way to enhance the 
fertility of the soil. Studies carried out across 
Cameroon, Africa and other parts of the world, 
on different agricultural systems (cocoa-based 
agroforestry systems inclusive) have shown that 
soil fertility is enhanced by factors such as 
fertilizer/manure application, diversity of tree 
species in a farming system, diversity and 
density of soil macro-fauna in a farming system 
[4–5,16,20,33,36–41]. However, few of these 
studies were done in cocoa-based agroforestry 
systems, which was the research gap this study 
sought to fill.  

 
Meanwhile, explanatory variables such as age of 
the cocoa farm, density of cocoa plants in the 
cocoa agroforests, and application of 
agrochemicals in the cocoa agroforests, all had a 
statistically significant non-causal and causal 
relationship with soil fertility in cocoa-based 
agroforestry systems. This implies that an 
increase in the age of the cocoa farm, density of 
cocoa plants in the cocoa agroforests, and 
application of agrochemicals in the cocoa 
agroforests leads to a decline in soil fertility in 
cocoa-based agroforestry systems. This could be 
attributed to the fact that as cocoa farms age, 
fertility declines naturally; while as density of 
cocoa plants increases, there is competition for 
nutrients which leads to a reduction in soil 
fertility; the excessive application of 
agrochemicals kills soil organisms which are the 

engineers working to keep the soil fertile,                 
hence a drop in soil fertility. Studies have shown 
that poor farm management and poor agricultural 
practices lead to a decline in soil fertility in all 
agricultural systems [27,42–45]. In cocoa-              
based agroforestry systems, little or nothing has 
been done so far to examine the factors       
affecting soil fertility. Thus, the findings of this 
paper are very timely as they come in to fill a 
research gap. 

 

5. CONCLUSION 

 
Soil fertility decline is a major palaver plaguing 
agriculture across the world. Soil infertility has 
led to falling crop yields for both food and cash 
crops precipitating both poverty and food 
insecurity. Poor agricultural practices have often 
been blamed for declining levels of soil fertility. It 
was within this framework that this study was 
carried out to assess soil fertility levels in cocoa-
based agroforestry systems in the Littoral region 
of Cameroon. The study’s findings revealed that 
the most perceived indicators of soil fertility by 
cocoa farmers in cocoa-based agroforestry 
systems were cocoa yields, soil colour, indicator 
plant species, presence of soil macro-organisms, 
indicator weed species, growth rate/vigour of the 
cocoa plant, and level of compaction of the soil. 
Most cocoa farmers perceived the level of soil 
fertility in cocoa-based agroforestry systems to 
be between average and low. It was noticed that 
fertilizer/manure application, diversity of tree 
species in the cocoa agroforests, diversity of soil 
macro-fauna in the cocoa agroforests, and 
density of soil macro-fauna in the cocoa 
agroforests influenced soil fertility positively, 
implying that an increase in these factors leads 
to an increase in soil fertility. Age of the cocoa 
farm, density of cocoa plants in the cocoa 
agroforests, and application of agrochemicals in 
the cocoa agroforests influenced soil fertility 
negatively, implying that an increase in these 
factors leads to a decline in soil fertility. Thus, it 
is recommended that there should be more 
organic fertilizer/manure application, more 
diversity of tree species in the cocoa agroforests, 
and more measures to ensure the diversity and 
density of soil macro-fauna in cocoa-based 
agroforestry systems. 
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