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Abstract 
This work assessed the impact of land use and land cover (LULC) change on 
the socio-economic conditions of the inhabitants in the Mount Bambouto 
Caldera from 1980-2016. To achieve this, three time series satellite images; 
Landsat Thematic Mapper (TM) (1980), Landsat Enhanced Thematic Mapper 
(ETM) (2001), and Landsat 8 Operational Land Imager (OLI) (2016) scenes 
were employed to investigate the changes in LULC. The use of satellite images 
was supplemented with individual interviews, discussions with focus groups 
and key informants, and direct field observations. Five categories of LULC 
classes were identified namely: thick woody vegetation (natural forest and oil 
palms), light vegetation (croplands), savannah (grasslands), buildings (settle-
ments), and bare grounds. The results showed that between 1980 and 2016, 
croplands, buildings and bare lands increased by 4%, 0.43% and 5.7% respec-
tively while savannah/grassland and natural forest decreased by 4.4% and 
5.8% respectively. Household survey revealed soil fertility decline and lack of 
credit schemes to be major constraints to crop production. Many religious 
holidays contribute to seasonal food shortages and the community faces a host 
of socio-economic and institutional challenges. Consequently, majority of 
households are destitute, live in abject poverty; which is an indication of the 
need for interventions by government and other development stakeholders to 
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tackle the problems of soil fertility, land use change and food insecurity. 
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1. Introduction 

Concerns of land use and land cover (LULC) change and soil fertility problems 
in agricultural systems in Africa are factors that pull the attention of many re-
searchers, and have been winning the interest of top policy makers in recent 
times [1] [2]. Human population pressure has primarily been the centre of 
blame for the widespread land use and land cover change and its associated en-
vironmental implications [3] [4] [5]. In developing countries like Cameroon, 
about 80% of the populace almost solely depend on natural resource exploitation 
for livelihood, and with increasingly competing demands for the utilization, de-
velopment and sustainable management of land resources, LULC changes are 
very intensive and preoccupying [6]. LULC changes such as conversions of 
grasslands to croplands, fallowing croplands, and the change of infertile crop-
lands to oil palm plantations are being practised as mitigative measures against 
the negative impact of soil fertility decline in Cameroon [7]. Although fertiliser 
application is recommended and practised by many farmers, improved fallow 
remains a preferred management strategy by many farmers to restore soil fertil-
ity as it is considered to be an affordable alternative [2] [6] [8]. In areas of high 
crop production potential, the land area for oil palms and cocoa plantations is 
rapidly expanding into productive croplands and natural forest. The expansion 
in favour of plantation crops is inspired by economic returns for livelihood en-
hancement and usually at the expense of agricultural lands and natural forest 
stands [7]. The high demand for palm oil in cities for consumption and biomass 
energy production and improved price of cocoa at the world market in recent 
years have further exacerbated the transformation of current natural forest, wet-
lands and marginal lands into plantations [9] [10]. As a result, land use change is 
gaining importance as land conversion practices are becoming more frequent in 
many parts of the country.  

Remote Sensing (RS) with high-resolution satellite data has in recent times 
become widely and frequently applied in studies to establish land cover changes, 
obtain data on degradation levels of natural resource stocks (forests and wet-
lands, urbanization rates, agro-activity intensity), and other anthropogenically 
induced changes [4] [5] [11]. Unfortunately, such bio-physical approaches 
would not yield information as to the why of such changes. If land use and land 
cover studies would be understood, the inhabitants and their socioeconomic 
conditions, their preoccupations, livelihood strategies, perception on land, and 
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other implications of socio-political, cultural, and biophysical nature and insti-
tutional factors must be given keen attention [12]. Therefore, for any meaningful 
study on sustenance of natural endowments, incorporation of the local experi-
ences of members of the setting, key informants and focus groups in the com-
munity will provide information on past, present and expected future land use 
and land cover changes [13]. There is need to go interdisciplinary and examine 
possible methods for integrating LULC and social research. This justifies the in-
tegration of remote sensing and household survey as important tenets to en-
hance the study of the dynamics of changes in land use and land cover patterns 
and to obtain rapid, economically viable, reliable, and accurate results [13] [14]. 
According to Maro [12], one merit of using qualitative research in social science 
and survey research methods to understand local perceptions of land use change 
is its attempt to answer the questions “why change occurs” and “so what”. Using 
individual semi-structured interviews with local farmers to understand the rela-
tion between national and local perceptions of environmental change in central 
Northern Namibia, Klintenberg et al. [15] observed that a combination of local 
and scientific knowledge provides a more useful assessment of land use and land 
cover change and its implications for local land-users and managers. Hence, in-
tegration of information from household surveys and data on land use and land 
cover changes obtained from remote sensing provides a vivid understanding of 
the causes and processes of LULC changes [16]. 

Studies related to LULC changes in Cameroon are rare, with most focusing on 
urban areas of the country [17]. There is a dearth of information on LULC 
change detections using remote sensing and GIS in different parts of the high-
lands of the country. Therefore, the objective of this study was to assess LULC 
changes from 1980-2016 and its implications on socioeconomic conditions and 
perceptions in the Mount Bambouto Caldera of the Western Highlands of Cam-
eroon. 

2. Materials and Methods 
2.1. Study Area  

The Mount Bambouto Caldera, located between latitudes 5˚44' and 5˚36'N and 
longitudes 9˚55' and 10˚07'E, and extending from an altitude of 200 m to 2700 m 
above sea level, is typical of a multi-agricultural production system in the west-
ern highlands of Cameroon (Figure 1 and Figure 2). It receives between 2000 - 
3000 mm of rainfall annually and the mean monthly maximum and minimum 
temperatures are 32˚C and 17˚C, respectively [18] [19]. This area is thus classi-
fied under Agroecological Zone IV in Cameroon (humid forest with monomo-
dal rainfall) with two seasons; the long and heavy rainy season which runs from 
March to October, and a short dry season extending from November to Febru-
ary. As a consequence of heavy rainfall, the area is prone to geohazard perturba-
tions, specifically frequent landslides that result in loss of vegetation, property 
and lives [19]. Recently, the landslide swarms of 20th July 2003 within  
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Figure 1. Location map of the Mount Bambouto Caldera (Wabane subdivision) in the 
western highlands of Cameroon.  
 
the Caldera destroyed farmland, natural vegetation, settlements and caused a 
death toll of 23 persons and thousands of individuals displaced [20]. This per-
petual events result in different land use options by the people as survival strat-
egy and necessitates a comprehensive appraisal of LULC in the area. 

The United Councils and Cities of Cameroon reported the population of the 
Mount Bambouto Caldera Area (Wabane Subdivision) by 2011 at 62,000 in-
habitants with a population density of 35 persons per km2 [21]. The population 
is distributed into three geographic zones in village third class chiefdoms namely 
Agong, Fonenge, M’mouck Leteh, Atsualah, Magha, and Fomenji in the mon-
tane savannah zone, Bamumbu Central and the Banteng Area in the middle 
zone, and the Folepi, Bechati, Banti, Egumbo, Besali, Bangang, and Nkong in the 
forest lowland zone (Figure 2). This study site is predominantly inhabited by  

https://doi.org/10.4236/ars.2018.71003


F. A. Toh et al. 
 

 

DOI: 10.4236/ars.2018.71003 29 Advances in Remote Sensing 
 

 
Figure 2. Topography and village settlements in the Mount Bambouto Caldera of the western highlands of Cameroon.  

 
farmers belonging to the “Mundani” ethnic group, and over 95% of the inhabi-
tants rely on agriculture for sustenance. 

The Soils in the Mount Bambouto Caldera have a pH range of 5.2 to 6.1, with 
soils in the montane savannah zone being more acidic than those in the sub-
montane and lowland areas [20] [22]. Organic matter content ranges from 7 - 15 
g∙Kg−1 with the montane savannah soils nutrient richer than the lowland forest 
soils [23] [24]. Nutrient availability is averagely high in the entire area which is 
characterized by soils of volcanic origin. The tropical grassland and forest that 
had previously dominated the vegetation has gradually been replaced by crop-
lands, settlements/agroforestry, and oil palm/cocoa plantations. Major crops 
grown in the Caldera are oil palms, cocoa, oranges, coconuts, plums, mangoes, 
plantains, bananas, cocoyams, maize, kolanuts, potatoes, carrots, cabbages, leaks, 
and garlics for consumption or commercial purposes. However, the area is av-
eragely marked by a high external input-output farming system, with potato and 
cocoyam yields that exceed 5 tons per hectare in the montane savannah and 
submontane/lowland belts respectively. Relative to other parts of Cameroon, this 
enclave study site is amongst the most neglected areas in terms of agricultural 
innovation and infrastructural development, having very little governmental and 
non-governmental institutional support for the improvement of the livelihoods 
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of the community. Interspersing the croplands in the study area, mosaic natural 
forests that belong to a tropical rainy afromontane forest characterize the land-
scape and some serve as sacred groves that host the deity of the people.  

2.2. Land Use and Land Cover Change Studies 

The principal data source of land use land cover classification and change analy-
sis was remotely sensed data through a series of Landsat imagery. These included 
Landsat Thematic Mapper (TM), Landsat Enhanced Thematic Mapper (ETM) 
and Landsat Operational Land Imager (OLI) scenes of the year 1980, 2001, and 
2016 respectively. These data sets were obtained from the University of Dschang, 
Cameroon Data Gateway of the Laboratory of Environmental Geomatics data-
base. All the Landsat images were for the same month (December). The process in-
volved imagery acquisition, processing and interpretation. Finally, ground-truthing 
for data validation was carried out through extensive and random field visits to 
cross-check the interpreted data with existing features and verifies the accuracy 
of interpreted data. Random stratified sampling of some land use and land cover 
categories like settlements, bare ground, croplands, woody vegetation and sa-
vannah were checked. Erroneous interpretations such as palm and cocoa planta-
tions engulfed by woody vegetation and rain-fed agriculture with trees over-
shadowed by woody forest were noted for correction.  

The reference data for the 2016 image for each land use land cover was col-
lected from survey visits, topographic maps, and raw images. However, the ref-
erence data for the 1980 and 2001 images was collected through visual interpre-
tation of the raw data of the Landsat images of the respective years, supple-
mented by field visits and purposive interviews of the elderly people in the study 
area. 

2.3. Household Surveys  
Sampling and Survey Approach 
A household survey for socio-economic attributes and perceptions on land use 
and land cover change was carried out in two phases: July 2016 and July 2017, 
and adopted a purposive sampling approach in selecting sites for the study. This 
approach was used because of the peculiar agricultural systems employed in this 
study area (horticultural crop production and animal rearing systems in the top 
plateau savannah setting, and perennial food cropping and plantation systems in 
the middle and lower belts). In the first survey in July 2016, field observations 
were carried out to obtain background information on farming systems, land 
uses and the peoples’ perception on land exploitation and management systems. 
During the survey, preparation and pre-testing of structured questionnaires was 
also done. In the second phase, the information gathered was used to re-design 
and administer 270 structured questionnaires for the collection of qualitative 
and quantitative data. Semi-structured face-to-face individual interviews, discus-
sions with five focus groups and key informants (Figure 3) were used to gener-
ate information on land use types, soil fertility status, current soil management  
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(a) 

 
(b) 

Figure 3. Focus group discussions in the Mount Bambouto Caldera of the western high-
lands of Cameroon. (a) Bangang Chief Palace and (b) NKong Chief Palace.  
 
practices and related challenges, and the socioeconomic conditions of the people 
living in the study area. 

From the peasant associations, 28 households were randomly selected for in-
terview. Heads of the selected households, who are implicitly the decision mak-
ers and responsible for farm management were interviewed. Questions covered a 
wide range of socioeconomic issues and particularly those pertaining to house-
hold size, land size, land use types and changes that have occurred over time, 
and also perception about land use change with regard to the expansion of crop-
ping and agroforestry systems. More so, unstructured interviews were carried 
out with four knowledgeable key informants recommended by the local farmer 
associations (Common Initiative Groups) including the Sub-divisional Delegate 
for Agriculture, the Director of Community Development, and some local tradi-
tional rulers. Field visits were conducted for ground truth checking and confi-
dence building. 

2.4. Data Analyses  

The Geographic Information System (GIS) data was projected to the Universal 
Transverse Mercador (UTM) system, zone 37N and datum of World Geodetic 
System 84 (WGS 84), ensuring that there was consistency between data sets 
during analysis. The images were analysed by utilizing data image processing 
techniques in ERDAS image and ArcGIS © 10.0 software. The identity and loca-
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tion of some of the land use and land cover types such as grassland, crop/agricultural 
land, natural forest, settlements/agroforestry, and cocoa/palm plantations of the 
area were known based on the a priori knowledge of the research team and with 
ground truth data, a supervised signature extraction with maximum likelihood 
was used in the analysis. The pixel oriented classification with maximum like-
lihood method was used because it delivers better results than the minimum 
distance method [25]. The change analysis was conducted using post image 
comparison technique [26]. Ground-truthing was complemented with topo-
graphical maps of the area as well as field visits, interviews with individual and 
elderly people in the area. Rural settlements are scattered and associated with 
agroforestry and hence, settlements and agroforestry were classified together. The 
classified images were compared in two periods: 1980-2001, 2001-2016. Values 
were recorded in hectares and percentages. The percentage LULC changes were 
calculated using the equation:  

Final Year Area Initial Year Area%LULC Change 100
Initial Year Area

−
= ×  

The household survey data was analysed using a statistical package for the so-
cial sciences (SPSS) version 20 (SPSS Inc., 2008) software. Descriptive statistics 
such as cross tabulation, frequencies and percentages were then employed to 
summarize the data.  

3. Results and Discussion 
3.1. Land Use Land Cover  

The major land use land cover types identified include grasslands (savannah), 
croplands (light vegetation), settlements (Buildings) and agroforestry (thick 
woody vegetation), oil palm/cocoa plantations (thick woody vegetation) and fal-
low/natural forest (thick woody vegetation) as portrayed by the satellite images 
(Figures 4(a)-(c)). The figures show the trend of land use land cover change 
which is increasing in deforestation in preference to other land uses. The maps 
indicate drastic LULC changes over a period of 36 years of analysis. In 1980, for-
est was the dominant land use land cover type in the area. However, subsequent 
years were accompanied by a gradual and drastic decrease in the forest surface 
coverage as arable land and settlements consistently increase with population 
and the demand for diverse products and higher standards of living. This pushed 
farmers to increasingly convert part of their forest land to other land use types, 
particularly the opening of new farms and extension of existing ones. 

As evidenced from the remotely sensed data, the proportionate spatial cover-
age of each LULC for 1980, 2001 and 2016 and the LULC changes from 1980 to 
2001 and 2001 to 2016 are summarized in Table 1. In all three images, the 
dominant land cover remains thick woody vegetation that represents natural 
forest and fallow lands, palm/cocoa plantations, agroforestry around homes or 
in farms. Following this land cover in magnitude is light vegetation, which 
represents croplands or fields. It is also followed by savannah or grasslands,  
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(a) 

 
(b) 

https://doi.org/10.4236/ars.2018.71003


F. A. Toh et al. 
 

 

DOI: 10.4236/ars.2018.71003 34 Advances in Remote Sensing 
 

 
(c) 

Figure 4. Satellite images of the Mount Bambouto Caldera of the western highlands of Cameroon showing land use land cover 
change. (a) 1980; (b) 2001; and (c) 2016. 

 
Table 1. LULC changes from 1980 to 2001 and 2001 to 2016 showing area changes in hectares (Ha) and percentage LULC changes 
in the Mount Bambouto Caldera of the western highlands of Cameroon. 

Land use 
land cover type 

1980 2001 2016 1980-2001 2001-2016 

Area/ha % Area/ha % Area/ha % 
Change in 

area/ha 
% 

change 
Change in 

area/ha 
% 

change 

Natural Forest/Oil Palms 
(Thick Woody Vegetation) 

21441.8 68.8 21079.1 67.6 19642.0 63.0 −362.7 −1.2 −1437.0 −4.6 

Grassland (Savannah) 2950.6 9.5 1700.9 5.5 1590.6 5.1 −1249.7 −4.0 −110.3 −0.4 

Light  
Vegetation/Croplands 

6359.2 20.4 7053.3 22.6 7603.4 24.4 694.1 2.2 550.1 1.8 

Buildings 6.1 0.02 79.0 0.3 133.9 0.4 72.9 0.23 54.9 0.2 

Bare Ground 412.2 1.3 1257.3 4.0 2199.9 7.1 845.0 2.7 942.7 3.0 

Total 31170 100 31170 100 31170 100 0 0 0 0 
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which represent areas overwhelmingly dominated by grasses and sometimes in-
termingled with shrubs. 

Bare grounds consists of various uncovered surfaces such as rock surfaces or 
recently cleared or burnt areas, only second to the least LULC which is build-
ings/settlement. The trend observed was: thick woody vegetation > light vegeta-
tion > grasslands/savannah > bare grounds > buildings/settlement. The percent-
age changes in LULC were generally greater for the period from 2001 to 2016 
than the period 1980 to 2001. A succinct comparison of the land use land cover 
changes for the said years is also presented in Figure 5. Thick woody vegetation 
and grasslands/savannah were observed to decrease over the years while light 
vegetation/croplands, bare grounds and buildings/settlements increase. 

In 1980, the total land surface cover was composed of natural forest and oil 
palms (woody vegetation), grasslands (savannah), croplands (light vegetation), 
buildings, and bare lands in the ratios 68.8%, 9.5%, 20.4%, 0.02%, and 1.3% re-
spectively. By 2001, natural forest and oil palm/cocoa plantations, grassland (sa-
vannah), cropland (light vegetation) buildings and bare lands occupied 67.6%, 
5.5%, 22.6%, 0.3%, and 4.0 % of the total land area, giving LULC change per-
centages of −1.2%, −4.0%, 2.2%, 0.23%, and 2.7% respectively from 1980 to 2001  
 

 
Figure 5. Comparison of Classified LULC from Landsat TM 1980, ETM 2001, and Land-
sat 8 OLI 2016 Imagery of Mount Bambouto Caldera of the Western Highlands of Cam-
eroon.  
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(Table 1). The negative values indicate a decrease in LULC change, the positive 
values indicating an increase in the LULC change. By 2016, natural forest and oil 
palms/cocoa plantations became 63.0%, grassland (savannah) 5.1%, croplands 
(light vegetation) 24.4%, buildings 0.4%, and bare lands 7.1%, with correspond-
ing LULC change percentages of −4.6%, −0.4%, 1.8%, 0.2%, and 3.0%. In gen-
eral, a comparison of the figures for 1980, 2001 and 2016 shows an increasing 
trend for bare lands, buildings and croplands, which are highly influenced if not 
totally orchestrated by anthropogenic activity. On the other hand, savannah and 
thick woody vegetation are on a decrease and this can equally be ascribed to in-
creased exploitation of land resources, particularly the conversion of grasslands 
and natural forest to croplands, settlements and agroforestry, and the extension 
of palm/cocoa plantations.  

Changes in land use patterns are triggered in the study area by different fac-
tors including better sources of income and duration of yield of proceeds from 
such preferred sources of income. Eleni et al. reported that planting trees espe-
cially eucalyptus on farmlands is considered by many farmers of the North 
Western Highlands of Ethiopia as a good source of income in a relatively short 
period of time [27]. The growth in croplands at the expense of other land uses 
observed in this study site has also been reported in numerous studies [11] [28] 
[29] [30] where the expansion of croplands and eucalyptus plantations at the 
expense of grasslands has been remarkable. However, this study revealed an in-
creasing trend in bare grounds against other land use types, which is in line with 
Tekle and Hedlund [31] who reported increases in the sizes of open areas and 
settlements at the expense of shrub lands and forests in Kalu District, Southern 
Wello. 

3.2. Household Survey  

Two hundred and seventy (270) questionnaires were administered to 62% and 
38% of men and women respectively spread across the age range of 20 to 70 years 
in the study area (Figures 6(a)-(c)). Also, 61% and 39% of the twenty-eight (28) 
interviews conducted were on men and women respectively. This trend of more 
men being interviewed than women can be explained by the fact that most 
women shy away from strangers, preferring the men to give such vital informa-
tion about the community. More so, a greater fraction of the women are rela-
tively less literate than the men and this makes them lack confidence in address-
ing matters of academics [32]. Information on questionnaire respondents such 
as civil status, household size, occupation, educational level, duration of stay in 
the community, social status, land size and land use was collected. More than 
80% of the questionnaire respondents were aged between 20 and 60 years, which 
is the most active age group while less than 5% were above 70 years old. The ob-
served population trend is a common phenomenon across the country and cor-
roborates data on population stratification in Cameroon with 56% between 15 - 
64 years and 3% above 65 years [21]. 
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Figure 6. Distribution of questionnaires administered and interviews conducted during 
the study in the Mount Bambouto Caldera of the western highlands of Cameroon.  
 

From the number of people interviewed, 90% were married and the main oc-
cupation of the people in the study site was farming. The average farm size per 
household was 2 ha and the maximum size recorded was 10 ha. Over 85% of the 
respondents were people of elementary education and early marriage is common 
in the Mount Bambouto Caldera, a factor that accounts for the high percentage 
of couples recorded. Farm size is determined by land tenure, and constrained by 
the hilly topography and enclave nature of the terrain. Similar results were re-
corded by Peter et al. [33] who opined that small farm sizes in Ethiopia are at-
tributed to the mountainous and rocky state of the phytogeography of the coun-
try. 

The key informants implicated in the study were the Director of Community 
Development for Wabane, Delegate of Agriculture for Wabane, the Mayor of 
Wabane, and some traditional rulers and elders. Direct field observations by the 
research team and focus group discussions conducted on important stakeholders 
like farmers’ common initiative groups confirmed questionnaire responses on 
predominant land uses and agricultural management practices (Table 2), which 
included farming, agroforestry, and grazing/animal rearing. Such stakeholder 
groups consulted included the Wabane Cocoa Farmers’ Cooperative Society, the 
Wabane Palm Oil Producers’ Cooperative Society and the Mmock Potato Farm-
ers’ Cooperative Society.  
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Agricultural management methods and forest exploitation over the past ten 
years (2005-2015) in the study area were recorded and summarized in Table 2. 
following the different geographical zones identified in the Mount Bambouto 
Caldera, which are marked by similar land use practices. In the montane savan-
nah zone, submontane middle and tropical lowland regions, the agro-methods 
were principally dominated by shifting cultivation and mixed cropping, and 
mixed cropping with or without the use of agrochemicals respectively. It was 
observed that the distinctiveness of crops, methods of cultivation, agrochemical 
inputs, agroforestry, and trend of farming was in response to the altitudinal geo-
graphic variation of land. Farmed land surface area was found to be on the in-
crease in response to increasing human population, particularly in the savannah 
montane zone where horticulture marked by monocultures of Irish potato, car-
rots and licks constitute the principal lucrative activity that has provided em-
ployment to the youth and drastically reduced rural exodus. 

Agroforestry in the montane savannah zone is predominantly silvopasture 
with goats, sheep, cattle and the planting of eucalyptus, pine and cypress trees 
around homes for various uses including wind breaks, fence, and shade trees and 
the provision of timber and fuel wood. The lucrative farming activities have 
heightened the competition for land among inhabitants, particularly as most 
young men stay back in the village to do farming. Farming in the submontane 
zone is both for subsistence and economic gains with palm and cocoa planta-
tions serving as the principal economic crops. In the tropical lowland zone, 
farming is largely palm/cocoa plantations mixed with subsistence agriculture. 
The importance of these plantations is seen in the engagement of the youthful 
population, as justified by their reluctance to go out of the village in search of 
jobs. Increase in farming surface area is only gradual, an indication of a low rate 
of population growth or diversification of occupation and economic activities. 
Agrisilviculture agroforestry system is practised mainly around settlements and 
to a lesser extent in farms, with one important function being shade trees par-
ticularly in the dry season when intense sunshine and high temperatures are of-
ten recorded. Animal grazing and rearing are conspicuously absent and the de-
creasing forest stock due to farming can be attributed to population growth and 
the quest for higher living standards. 

3.3. Household Survey 

Table 3 summarizes statistics of some household characteristics of the sample 
respondents. The average family size of the sample respondents was 7.8 persons. 
The average age of the sample farmers interviewed was 42.8 years while the farm 
size averages for poor and better-off farmers were 2.1 and 4.9 hectares respec-
tively. 

The farm size owned by the respondents varies from a minimum of about 0.5 
hectare to a maximum of 10 hectares. It is worth noting that 53% of the respon-
dents owned less than 4 hectares of land. Also, 29% and 71% of the respondents  
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Table 3. Mean and standard deviation of some household characteristics in the Mount 
Bambouto Caldera of the western highlands of Cameroon. 

Household Characteristics 
Wealth class† 

Total 
Poor Better-off 

Family Size  6.2 ± 2.41 9.1 ± 1.97 7.8 ± 2.40 

Age of Interviewee  40.1 ± 10.1 47.3 ± 9.8 42.8 ± 10.2 

Farm Size/ha  2.1 ± 1.30 4.9 ± 2.01 3.3 ± 2.11 

Average Area under oil 
palms*/ha  

2.1 ±1.18 4.3 ± 1.87 2.9 ± 2.11 

Average area under cocoa/ha 1.3 ± 1.02 2.5 ± 1.68 1.9 ± 1.05 

Average area under  
cropland/ha 

1.1 ± 1.01 2.3 ± 1.70 1.5 ± 1.03 

Average grazing area£/ha  500 ± 200 800 ± 200 650 ± 200 

Note: Family size refers to all persons per household resident at home during the interview, Farm size con-
sists of all land held in one or more parcels and includes cropland, grassland, and fallow land and/or oil 
palm farm. *It excludes community/association owned oil palm plantations. †Wealth class: poor = respon-
dents who suffer seasonal food shortages and have limited capacity to invest on farm land, better-off = re-
spondents relatively at better positions, rarely face food shortages and have the capacity to purchase agri-
cultural inputs (seeds and agrochemicals). £Grazing area estimated by both the poor (persons who cannot 
afford grazing) and better-off (those who can afford grazing). 
 

were illiterate and people who are able to read and write respectively. Without 
considering community owned oil palm plantations, average area of land de-
voted for oil palms varies from 0.50 hectares for poor farmers to 6.0 hectares for 
better-off farmers.  

Figure 7 presents results of sample respondents in prioritizing crop produc-
tion constraints. Poor farmers ranked soil fertility decline (39.2%) followed by 
shortage of land (32.1%) as the main constraints to crop production. Whereas, 
better-off farmers ranked soil fertility decline (56.3%) and lack of credit (28.9%) 
as among the priority problems for crop production in the area. Overall, regard-
less of wealth class, 47.8% of the respondents declared soil fertility decline as the 
major obstacle to crop production in the area. This can be explained by the fact 
that farmers are poor and their desire to buy commercial fertilizers and other 
agrochemicals is hampered by lack of credit schemes. Accordingly, 22.4% of the 
total respondents mentioned the unavailability of credit schemes for purchase of 
agricultural inputs as one of the major obstacles to crop production. As a result, 
farmers adopt other options such as fallowing, conversions of grassland or forest 
land to cropland and infertile cropland to oil palm plantations as alternative 
measures against soil infertility problems in the area. 

The fundamental reasons for the conversion of either cropland to oil palm 
farms or grassland/forest land to cropland in the study area include the demand 
for palm oil, decrease in productivity of land, and the generation of income for 
better living standards for a constantly growing population through the sale of 
palm oil and other agricultural produce. The main perceived causative factors of 
land use change from grassland to cropland, natural forest to palm plantation or  
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Figure 7. Crop production constraints prioritized according to wealth class in the Mount Bambouto Caldera of the western high-
lands of Cameroon. 
 

cropland to oil palms are not only related to land degradation and lack of finan-
cial capacity, but also to multiple benefits of horticulture and/or oil palms for the 
community such as food supply and provision of employment that curbs rural 
exodus. Indeed, past socio-economic evaluations of oil palms in Cameroon con-
firmed that the planting of trees made a substantial contribution to the income 
of households [32]. 

Farmers’ responses in prioritizing constraints to livestock production accord-
ing to wealth class are presented in Table 4. The most frequently cited and seri-
ous problem to livestock production in the area is shortage of livestock feed 
(42.6%) and low productivity of local breeds (31.3%). Shortage of livestock feed 
was more pronounced on poor farmers (55.8%), whereas low productivity of lo-
cal animals was more pronounced on better-off farmers (43.1%). 

Even though livestock feed shortages are a general problem in Cameroon, the 
case of the Mount Bambouto Caldera Area is amongst the most conspicuous as a 
result of rapid conversion of previous grasslands to either cropland or settle-
ment, even as the demand for livestock increases with population growth.  

The productivity of farmers in the study area is also greatly impacted upon by 
their religion and customs. Table 5 portrays the total number of holidays ob-
served in a month together with the percentage proportion of respondents at-
testing to such days that farmers do not engage in farming activities. This con-
sequently affects their output negatively. This is so because farmers in the area 
are either Christians or followers of the native custom and therefore obliged to 
observe a good number of religious holidays on which they are customarily pro-
hibited from undertaking any cropping activities. Hence, 64%, 25% and 11% of 
the sample respondents do strictly observe these holidays for 16, 12 and 8 days in  
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Table 4. Respondents’ prioritization of livestock production constraints in the Mount 
Bambouto Caldera according to wealth class.  

Main Constraint 
Wealth Class† 

Poor/% Better-off/% Total/% 

Shortages of Livestock Feed  55.8 29.4 42.6 

Low Productivity of Local Breeds  19.6 43.1 31.3 

Animal Disease and Parasite  9.8 18.6 14.2 

Lack of Credit Schemes 8.8 6.4 7.6 

Shortages of Labour  6.0 2.5 4.3 

Total  100.0 100.0 100.0 

 
Table 5. Religious and related holidays observed each month during which farmers do 
not undertake farming activities in the Mount Bambouto Caldera of the western high-
lands of Cameroon. 

Category 
Religious Holidays  

Observed/Week 
Religious Holidays  
Observed/Month 

Percentage of 
Farmers 

1 02 08 11 

2 03 12 25 

3 04 16 64 

 
a month, respectively. 

On the other hand, a very fascinating part of this study is that majority of the 
poor farmers interviewed reported to suffer from seasonal food shortages be-
tween 1-3 months in a year (mainly between crop planting and just before har-
vesting). In general, it was observed that the religious holidays constrain labour 
availability for cropping during the peak demand period, and therefore, is di-
rectly responsible for the current food insecurity problem in the study area 
amongst other constraints. 

4. Conclusions 

Remote sensing and GIS analysis results revealed a gradual but very significant 
decrease in the surface area of grasslands and natural forest from 1980 to 2016 
that was accompanied by an increase in the surface area of croplands, settle-
ments/agroforestry, and bare lands in the same period. Steady population 
growth, the quest for diverse products in order to diversify incomes sources, and 
soil fertility decline over time exacerbated by constant landslides in the rainy 
season are the propelling factors behind farmers changing part of their land to 
other forms of land use. The declining soil fertility, which is primarily caused by 
soil erosion and regular cultivation coupled with the lack of financial capacity 
for its restoration account for the majority of the household food insecurity in 
the area. Therefore, the way forward in soil fertility management in this area 
would require the application of technologies that add nutrients to the soil. Such 
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technologies should be complemented by measures that reduce nutrient losses, 
particularly, through runoff and soil erosion on steep slopes and practices that 
hinder mass movements.  

Due to the proximity of the study area to major markets (surrounding towns 
of Dschang, Bafoussam, Mbouda and Bamenda), building public-private part-
nerships around market-oriented oil palm production and horticultural food 
crops in general can be an entry point for encouraging investment in the use of 
external nutrient inputs to improve soil fertility and boost agricultural produc-
tivity. The cultural practice and enforcement of too many religious holidays in 
the study area reduce the availability of labor and so contributes directly to the 
seasonal food shortages experienced in the community. This points to the need 
for government and local officials to intervene through discussions with reli-
gious leaders and community elders to reduce the number of religious holidays 
in the area. 

The results of this study provide compelling evidence that the local commu-
nity in the study area is faced with a host of social, economic and institutional 
challenges which need to be properly addressed in seeking solutions to the prob-
lems of food insecurity in this area. Therefore, we highly recommend the in-
volvement of interdisciplinary stakeholders and policy framework in a bid to re-
vert the current dire situation, looking from both the biophysical and social 
perspectives. In particular, education and capacity building of the local inhabi-
tants with different and novel agricultural technologies will not only tackle the 
problem of food security but also greatly contribute to environmental protection 
in the future. 
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