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In Nigeria, cocoa is an important cash crop that contributes to wealth creation and poverty alleviation. 
This study combined a Geographic Information System (GIS) application and Multi-Criteria Evaluation 
(MCE) to assess land suitability for cocoa cultivation.  Based on the FAO rating standard Landsat ETM 
(2002) and Landsat 8 (2015) images, AsterDEM data, rainfall data, soil map, and the administrative map 
of Idanre were processed, classified, and reclassified into four (4) suitability classes. Different weights 
were generated through Analytic Hierarchic Process, based on the crop requirements. The result of the 
GIS-MCE analysis shows that 71.34 % (1401.79533 km²) of the study area are moderately suitable, 
26.48% (520.31876 km²) marginally suitable, and only 2.18% (42.83591 km²) is not suitable for cocoa 
production. The results shows that the major limiting factors for good cocoa production and yield were 
poor land use management and insufficient rainfall.  
 
Key words: Cocoa, land suitability, urbanization, satellite images, Geographic Information System (GIS), multi-
criteria evaluation. 

 
 
INTRODUCTION 
 
Cocoa is among the leading export crop in the world with 
a world production of 4,645 thousand tones for the year 
2017/2018 (ICCO, 2018). On a global scale, Africa 
remains the largest cocoa producing region accounting 
for 75.9% of the world cocoa production in 2017/2018, 
followed by America (17%), and Asia and Oceania 
(7.1%).  According  to  Afoakwa  (2014),  cocoa  is  grown 

mostly in humid tropic areas such as Central and South 
America, Asia and Africa. The introduction of cocoa to 
West Africa after its discovery in the Amazon basin has 
resulted in its commercial cultivation and production in 
Nigeria. Cocoa has therefore contributed to the generation 
of cash income and revenue for the nation, and creates 
employment for the citizens. 
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According to FAO (1985), land suitability for agricultural 
use is the process of assessing land potentials for 
specified type of crop. It gives information on the 
limitations and advantages of a land and guides 
decisions on efficient use of land resources. Thus, it is 
fundamental to attribute the most favorable land to a 
particular crop, and to use the land according to its 
biophysical potentialities (Amin, 2013). An assessment of 
soil among other important factors such as rainfall and 
the existing land management practice system is required 
to determine the suitability of an area for agricultural 
purpose. Fertile soil is an essential factor that cocoa yield 
depends on (Jiska et al., 2015), and it varies from 
location to location. Information on soil texture is 
important in land suitability evaluation, as it is a soil 
property that determines its retentive capacity for nutrient 
and water, necessary for a healthy plant growth (Halder, 
2013).  

The use of Geographic Information System (GIS) and 
relevant ancillary data can provide relevant information 
about land suitability, and help with site selection and 
production of land suitability map for a particular land 
use. This is possible by combining different spatial data 
and/or information in Multi-Criteria Evaluation (MCE) to 
map crop suitability areas for cultivation (Kuria et al., 
2011). The combination of GIS with MCE can help 
decision-makers to better the quality of their decisions by 
making them more specific, logical and adequate. GIS 
enables the assessment of the factors and MCE regroups 
them into land suitability criteria. The purpose of MCE is 
to assess factors and weigh each according to its 
importance, relative to other factors on the growth 
conditions for crops (Perveen et al., 2007). The output of 
a MCE is the production of suitability maps, which are 
used to determine the best location for the cultivation and 
production of a particular crop. 

This study is aim at studying some land suitability 
criteria in cocoa cultivation in Idanre Local Government 
Area. Idanre is known as the major cocoa producing area 
in Nigeria. This is due to its fertile soils made up of a 
good distribution of sand and clay. As mention by Udo 
(2001), Idanre is composed of a variety of basement that 
gives rise to ferruginous soils that have high clay content. 
Sandy soil and other minerals washed down the valley 
form an alluvial clayey soil favorable for good cocoa 
growth. Between January and July the temperature 
averages 78 and 83°C, respectively and cool breeze 
reigns within this period. The humidity which is always 
high in January rises up to 80% in July. This peculiar 
equatorial climate facilitates cocoa cultivation and 
explains the town's reputation as one of the main centers 
of cocoa production in Nigeria. Despite its fertile soils and 
good climate, the growth rate of that cash crop has 
declined in the phase of production and cultivation. The 
decline was attributed to the poor quality of the soils. Soil 
nutrients under cocoa have reduced enormously through 
cultivation  and  harvesting  over  a  long  period  of  time, 

 
 
 
 
thus, affecting the capacity of soils. Non replacement of 
nutrients lost such as iron, Nitrogen, Phosphorus, by 
fertilizers decreased the production rate of cocoa. 
Climate change is another factor affecting cocoa 
cultivation and production during dry and rainy season. 
Climate changes can also alter bio-physiological 
processes of the crop and the development rate of pests 
and insects, which may reduce yields (Codjoe et al., 
2013). In addition, 60% of areas have been under 
cultivation for more than 40 years, thus reducing the 
productivity. Thus, with the view to improve its production 
through the efficient use of land resources the specific 
objectives are (i) to assess the land use dynamic over the 
period of thirteen years; (ii) to ascertain the factors 
affecting cocoa cultivation; and (iii) to generate a land 
suitability map for cocoa cultivation.  
 
 
Study area 
 
Geophysical characteristics 
 
Idanre Local Government Area of Ondo State is located 
between Longitude 5°0’0’’ and 5°40’0’’ East of the 
Greenwich Meridian and Latitude 6°50’0’’ and 7°10’0’’ 
North of the Equator (Figure 1). Idanre occupies an area 
of 1964.95 km² in spatial coverage.   
 
 
Physical characteristics 
 
The landscape of the study area is characterized by 
lowlands and rough hills (Adefila, 2013). Most of the 
study area is composed of the great variety of basement 
complex rocks, giving rise to ferruginous soils that have 
high clay content and of good retentive capacity (Udo, 
2001). Soils are an end product of chemical weathering 
of the granite rocks. The sand adjudged salty, mingles 
with clay soil to form dark brown color, which is very 
fertile for agricultural activities. The equatorial climate of 
the area facilitates good cocoa growth. Humidity in the 
area can reach 80% in July, whereas, temperature rises 
up to 83%.  
 
  
Socio-economic characteristics 
 
The population is about 176,372 at the 2006 census. 
Idanre is mostly composed of the Yorubas. However, 
there are many local dialects spoken such as the Ekitis, 
Akokos, Owos, Ondos, Akures, Ikales and the Ilajes. 
Agriculture is the mainstay of the economy and means of 
livelihood of the population. The major industrial cash 
crops are cocoa, palm and kola-nut. Idanre is naturally 
blessed with wide cultivable land, good for production of 
several food and cash crops. The subsistence food crops 
include cocoa, yam, cassava, plantain, beans, maize and  
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Figure 1. Map of Idanre. 

 
 
 
varieties of vegetable. However, Idanre is well known for 
cocoa production that serves as a source of income.  
 
 
MATERIALS AND METHODS 

 
Data types, sources and preparation 

 
The  data   used  for  analysis  included  the  administrative  map  of 

Idanre: Bands 4, 3 and 2 (that is, near infrared, red, and green) of 
Landsat Enhanced Thematic Mapper (ETM) of 2002; and bands 5, 
4 and 3 (that is, near infrared, red, and green) of Landsat 8 of 2015. 
Both Landsat types have spatial resolution of 30 m and were 
downloaded from the Global Land Cover Facility (GLCF) archive. 
The soil map of Nigeria at 1:300,000 scale was obtained from the 
Nigeria Geological Survey. Rainfall data (1998 to 2007) was 
received from Ondo State Development Project (Tunde, 2011); and 
AsterDEM data with 30 m resolution was downloaded from the 
United  States  Geological  Survey (USGS) archive. All the datasets  
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Figure 2. Soil triangle (Source: www.nbcsd.org). 

 
 
 
were regularized into the same coordinate system and projected to 
WGS 1984 UTM Zone 31N. The multiple bands of each Landsat 
data type were further stacked into a single image respectively, 
using the ERDAS Imagine Software. Using the ArcMap software, 
two sub-images of the study area were created from the stacked 
Landsat ETM (2002) and Landsat 8 (2015) images, respectively. 
 
 
Land use and land cover classification  
 

Unsupervised thematic classification was performed on the two 
sub-images to generate the land use and land cover information on 
the study area and to identify the changes that occurred over a 
period of thirteen years. The Google Earth image of the study area 
was downloaded and used to carry out the accuracy assessment 
and correct the unsupervised classification. The land use and land 
cover classes identified in both images were classified into four land 
use classes: Built up, cultivated area, forest, and rock.  
 
 

Change detection 
 
The average rate of change over a period of thirteen years was 
analyzed using the formula expressed as:  
       

LULC = LULC2 – LULC1                (1) 
 

Where, LULC = change in land use and land cover types; LULC2 
= current extent of a particular land use and land cover type, and 
LULC1 = previous extent of a particular land use and land cover 
type  
 
 
Factors affecting cocoa cultivation  
 

Soil types  
 

The soil  of  the  study area was extracted from the Nigeria soil map 

 
 
 
 
in ArcMap. Five types of soil were identified and the soil textural 
triangle (Figure 2) was used to determine the proportion of sand, silt 
and clay of each type of soil. Based on the soil texture requirement 
the best soil for cocoa cultivation was determined.  

 
 
Slope  

 
The slope information was obtained from Digital Elevation Model 
(DEM). The shapefile of the study area was overlaid on the 
AsterDEM data and the clip tool was used to extract the relevant 
portion of the AsterDEM imagery falling within the boundary of the 
study area. The extracted image was corrected using Focal 
Statistics tool. The DEM was then converted to slope using Surface 
Analyst tool in GIS environment.  

 
 
Rainfall   

 
Rainfall data for the study area was interpolated using Inverse 
Distance Weight (IDW) Method expressed as:  

 

  
  ( )  

∑     ( )   
   

                               (2) 

 
Where d is the distance between the sampled points, pi the power 
parameter, and n the number of sample points used for the 
estimation.  

 
 
Land suitability map 

 
Weighted spatial factors in multi-criteria evaluation 

 
Based on the climatic, soil and land requirements for cocoa 
production (Table 1), a specific level of suitability was defined for 
each factor and used to generate the criteria map for each factor. 
The factors were reclassified according to the FAO rating standard 
for land suitability into 4 different classes of suitability (Table 2). 
Different weights were generated through Analytic Hierarchic 
Process (Saaty and Vargas, 1980). The purpose of weighting was 
to determine the importance of each factor relative to the effects of 
other factors on cocoa cultivation and yield. This involves assigning 
a value to the criterion based on their relative importance. The 
process often involves expert’s opinions, indigenous knowledge 
and comparison of existing land use with location specific 
characteristics. All the reclassified maps were overlaid in ArcGIS 
and Weighted Overlay tool was used to generate the final suitability 
map for cocoa cultivation in the study area.  

 
 
RESULTS AND DISCUSSION 
 
Land use land cover 2002  
 
The identified features include built-up, cultivated area, 
forest, and rock, based on the USGS classification 
scheme (Figure 3). The classification result of 2002 
image showed that built-up occupied 3% (58.9485 km²) 
of the study area, cultivated area 10% (196.495 km²), 
forest 84% (1650.558 km²), and rock 3% (58.9485 km²) 
(Table 2). The area was dominated by forest, showing 
that   it  is  still fairly  vegetated.  The  growth  rate  of  the  

https://www.google.com/url?sa=i&source=imgres&cd=&ved=2ahUKEwje6b-L3aDhAhXw2OAKHeDmDxIQjB16BAgBEAM&url=https%3A%2F%2Fwww.nbcsd.org%2Fcms%2Flib%2FPA01001217%2FCentricity%2FDomain%2F116%2FSoil%2520Texture%2520Soil%2520Activity.pdf&psig=AOvVaw2BQ5ARppOP3vD49yMEKBoJ&ust=1553721303250628
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Table 1. Climatic, soil and land requirement for cocoa (Kappo et al., 2014). 
 

Cocoa requirement S1 S2 S3 N1 

Average annual temperature (°C) 25 - 28 28 - 32 32 - 35 35 - 37 

Average annual rainfall (mm) 1600 - 2500 1400 - 1600 1200 - 1400 1000 - 1200 

Average annual relative humidity 40 - 65 65 - 75 75 - 85 85 - 95 

Soil texture Fine, slightly fine, medium  Slightly coarse Coarse 

Coarse materials % <15 15 - 35 35 - 55 >55 

Nitrogen >1.8 1.5 1.0 0.5 

Phosphorus    <0.02 

C.E.C-clay (Cmol/kg) >24 20 - 24 16 - 20 12 - 16 

Base saturation % >50 45 - 50 40 - 45 35 - 40 

pH 6.0 - 7.0 5.5 - 6.0 <5.5  

Organic matter % 2.5 - 3.5 2.0 - 2.5 1.5 - 2.0 1.0 - 1.5 

Slope (%) <4 4 - 8 8 - 16 16 - 20 
 

S1 = Highly suitable; S2 = Moderately suitable; S3= Marginally suitable; N1= Not suitable. 
 
 
 

Table 2. FAO framework land suitability classes. 
 

Suitability order Suitability classes Significance 

Orders (suitable) 

S1 (Highly suitable) 
Land having no significant limitations to sustained application of a given 
use. 

  

S2 (moderately suitable) 
Land having limitations, which in aggregate are moderately severe for 
sustained application of a given use. 

  

S3 (marginally suitable) 
Land having limitations, which in aggregate are severe for sustained 
application of a given use and will so reduce productivity or benefits 

   

Order N  

(not suitable) 
N (Not suitable) 

Land, which has qualities that appear to preclude sustained use of the 
kind under consideration. 

 
 
 

population and urbanization was still low since built up 
occupied only 3% of the study area, resulting in only 10% 
of the study area being used for farming. 
 
 

Land use land cover 2015 
 

Features identified in the 2015 image were classified into 
built-up, cultivated area, forest, and rock (Figure 4). The 
result shows that built up covered the study area by 6% 
(117.897 km²), cultivated area 19% (373.3405 km²), 
forest 72% (1414.764 km²), and rock 3% (58.9485 km²) 
(Table 2). The result also revealed that the area was 
mainly occupied by forest (72%). The majority of the area 
was still in a high vegetated form, while 6% of the study 
area was occupied by built-up, showing an increase in 
human population that has increased farm land to 19% of 
the study area.  
 
 

Change detection between 2002 and 2015 
 

LULC dynamics are important indicators of the  prevailing 

land management practices by human population in a 
specific area (Audrey et al., 2016). Change detection is 
the process used to measure how the attributes of a 
particular area have changed over time. It often involves 
a comparison between two or more images, and has 
been used to evaluate deforestation (McRoberts and 
Walters, 2012), urban growth (Hegazy and Kaloop, 
2015), farm land (Poongothai et al., 2014) and land use 
and land cover changes. The result of the change 
detection shows a decrease of 12% (235.794 km²) in 
forest, an increase of 3% (58.9485 km²) in built up, and 
an increase of 9% (176.8455 km²) in cultivated area 
(Table 3). As mentioned by Nuwagaba and Namateefu 
(2013), one of the major effects of land use and land 
cover dynamics is deforestation. The conversion of forest 
into urban area destroyed fertile area that could have 
been used for cocoa and other related farming activities 
(Musa and Odera, 2015). Vegetation is the only land 
cover that experienced negative absolute change (Olaniyi 
and Atalor, 2018). Human installation has altered the 
possibility of restoration of those areas to forest lands 
(Delgado  et  al., 2015). The LULC changes took place at  
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Figure 3. LULC in 2002. 

 
 
 

 
 

Figure 4. LULC in 2015. 
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Table 3. Difference in LULC (2002 - 2015). 
 

Classified thematic features 2002 (%) 2015 (%) Difference (%) 

Built up 3 6 + 3 

Cultivated area 10 19 + 9 

Forest 84 72 - 12 

Rock 3 3 - 

Total 100 100 - 

 
 
 
the expense of other land cover types. Built up and 
agricultural development for cash production are the main 
reason for LULC dynamics (Gonga et al., 2018) and they 
took place at the expense of forest (Shi et al., 2018). This 
was acknowledged by Sharma et al. (2015) who noted 
that areas quickly shift into built up due to fast 
urbanization. Man intervention has exercised a great deal 
of pressure on land use, which has drastically reduced 
fertile land, thus, leading to a decrease in crop yield. As 
population is increasing, the demand for forest and land 
for urban expansion and agriculture also increases. 
Deforestation also has a huge negative effect on the 
properties of the soil, such as, decrease of organic matter 
content and nutrients depletion; accelerated land 
sensitivity to degradation; and loss of resources and 
ability to stabilize the environment. Agriculture, and 
especially cocoa farming being the main activity in the 
study area, serves as a source of income and means of 
livelihood to the people who are predominantly farmers. 
Therefore, the need to ensure food security and supply 
the need of the growing population, has led to the 
conversion of forest into farmland. This was 
acknowledged by Oyinloye and Oloukoi (2012) where it 
was observed that an increase of 10.77% per year in 
cultivated area for food production was needed to feed 
the rapidly increasing population. Land resource will be 
limited due to high demand of agricultural product and 
increasing population pressure (Yadav et al., 2012). FAO 
(2016) defines land cover as the observed bio-physical 
cover on the earth’s surface, whereas land use is the 
designated usage of the land cover. Land use and land 
cover (LULC) change is one of the most important 
variables in determining gradual change in the 
environment, which may result from rapid population 
growth, which is capable of affecting some fertile 
agricultural areas, and in turn hampers agricultural 
production. This aligns with the statement of Cheruto et 
al. (2016) that land cover and land use changes and 
socio-economic dynamics have a strong relationship. As 
the population grows, the need for farm land and built up 
area grows correspondingly, in order to meet the 
demands of the growing population. The result of all 
these has definite impact on the soil and suitability of the 
land. Thus, timely information on LULC is necessary in 
order to plan the use of land and manage humans’ 
overexploitation. 

Soil, slope, and rainfall requirements for cocoa 
 
Types of soil within the study area 
 
The result of the soil analysis of the study identified five 
types of soil including clay loam, loamy sand, sandy clay, 
sandy clay loam, and sandy loam (Figure 5). The 
proportion of silt, clay, and sand in percentage of each 
type of soil is shown in Table 4. FAO standard was used 
to determine the most suitable soil for cocoa cultivation, 
which includes sandy loam, sandy clay loam, and sandy 
clay. This is due to the good distribution of clay, sand, 
and silt in each type of soil that promotes aeration, root 
penetration and water retention. Loamy sand is not 
favorable for cocoa cultivation due to the highest 
percentage of sand (80%) that can cause leaching 
despite the fact that they have good drainage; and the 
lowest percentage of clay (20%) which is not sufficient to 
retain water for the plant and hold moisture. Clay loam 
soil is favorable for cocoa cultivation but at a medium 
level due to the highest percentage of clay (65 %) that 
does not promote good aeration. The result of the soil 
texture obtained aligned with the findings of Afolayan, 
(2016) that identified similar texture in the study area.  

Information on soil texture is important in land suitability 
evaluation. Texture is one of the most important 
properties of soil that determines the availability of water 
and nutrient to plants. Changes in soil texture with depth 
can have a great impact on root penetration. Sand, silt 
and clay generally make up the soil texture classes and 
refer to relative sizes of the soil particles. Ideal soils for 
cocoa cultivation are soils which have equal proportion of 
sand, silt, and clay sized particles. The impact of each 
type of soil on the suitability of the site for cocoa is 
interrelated. Texture is very important for water retention 
during the dry season. Cocoa requires a deep well 
drained soil with a high nutrient content. Cocoa soils 
should have a clayey soil texture with sandy clay loam 
and sandy clay to ensure an adequate moisture supply 
during the dry month. Clayey soils increase the vigor of 
the tree and have a higher content of nutrients and 
organic matter as they tend to have a high positive 
correlation with chemical fertility. Sandy soils promote 
aeration, good drainage, and penetration of root, but 
have a very low capacity for moisture retention. 
According to Zuidema et al. (2005), loamy soils that are  
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Figure 5. Soil map of Idanre. 

 
 
 

Table 4. Proportion of the soil texture in percentage. 
 

Type of soils Clay (%) Sand (%) Silt (%) 

Sandy loam 40 60 30 

Sandy clay loam 40 60 15 

Sandy clay 50 50 10 

Clay loam 65 35 35 

Loamy sand 20 80 10 

 
 
 
rich in iron and potassium will promote best yields 
especially under good distribution of rainfall.  
 
 
Slope of the study area 
 
Slope is expressed in percentage and used to identify 
hilly and low terrain. The result of the slope which was 
obtained from the DEM (Figure 6) indicates that the slope 
ranged from 0 to 198%, where the lowest lies between 0 
and 8%, and the steepest is between 46 and 198% 
(Figure 7). The majority of the area is under 46%, which 
is the area characterized by flat and gently sloping 
lowlands. Those areas are more favorable for cultivation 
management. All the fertile soils washed away by rain 
from the hilly areas are often found in the lowest ground, 
making those areas more favorable for cultivation. 
However, areas between 0 and 8% are close to the river 
and are more subject to flood despite the fact they are 
fertile. The remaining part of the area above 46% is 
characterized by mountains and hills, and is therefore not 

so good for cocoa cultivation, hilly areas being very 
sensitive to nutrient runoff. As the slope of land 
increases, the amount of production reduces and the 
percentage in production increases as the slope 
decreases.  In areas where the slope is steep, it is 
difficult to manage land and grow cocoa, as it is more 
time consuming and incurs high agricultural cost. 
Andersen et al. (2004) confirms that areas where efficient 
agriculture is not possible are areas where the slope is 
steep and therefore, constitutes a limiting factor for 
cultivation. Akinci et al. (2013) recognized slope as one of 
the spatial elements that reduces machinery and 
management applications such as drainage and 
irrigation, thus affecting agricultural production negatively. 
Soil thickness, fertility and depth are also affected by the 
increase in slope percentage, thus, hampering on the 
expected yield. As mentioned by Koulouri and Giourga 
(2007) erosion occurs more on area with a steep slope 
that increases the quantity of sediment carried away. To 
use the agricultural land efficiently and achieve high yield, 
it is therefore  necessary to evaluate and  understand  the  
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Figure 6. DEM of Idanre. 

 
 
 

 
 

Figure 7. Slope of Idanre. 

 
 
 
slope of the area. Slope is an important factor in land 
management for agricultural practices (Van  Asselen  and  

Verburg al., 2012) and a factor that is used to assess the 
performance    and    suitability    of    land    for   farming, 
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Figure 8. Rainfall map of Idanre. 
 
 
 

influencing land use decisions (Buday and Lacko-
Bartošová, 2013). 
 
 
Rainfall 
 
A rainfall condition is of greater impact in ascertaining the 
crop productivity for agriculture and rainfall interact 
together. Thus, to improve the crop yield it is necessary 
to know the average rainfall of the area that should be 
well distributed over a year in order to have good effect 
on cocoa yield. The result of the rainfall showed an 
annual average of 1207.3 mm (Figure 8). Tunde (2011) 
identified alterations in the climate of the study area as 
the factor of changes in cocoa yield, cocoa being highly 
correlated to rainfall. This tends to have negative effects 
on the cocoa yield and reduce the productivity. Cocoa is 
very sensitive to drought and as mentioned by Hermann 
et al. (2010), drought during the establishment phase 
results in high cocoa seedling mortality. Ojo and Sadiq 
(2010) identified rainfall as the major factor responsible 
for cocoa decline, contributing to the reduction of 
productivity. Amount of rainfall distribution is very critical 
to cocoa production. Annual rainfall above 2,500 mm will 
lead to leaching and impoverishment of the soil, and will 
increase diseases. If the soil physical and chemical 
properties are suitable and rainfall is not adequate, cocoa 
production will be affected. 

Reclassification of factors  
 
Reclassified LULC  
 
All the features identified in the classified Landsat image 
which included built up; cultivated area, forest, and rock 
were reclassified into three classes of suitability (S1, S2, 
and N). Forest was classified as highly suitable for cocoa, 
and cultivated area as moderately suitable. Whereas built 
up and rock were classified as not suitable for cocoa 
cultivation. The result of the reclassified land use and 
land cover shows that 72.3% (1420.65885 km²) of the 
study area is highly suitable, whereas 19.23% 
(377.859885 km²) is moderately suitable and 8.47% 
(165.0558 km²) not suitable for cocoa cultivation (Figure 
9).  
 
 
Reclassified soil  
 
Five types of soil were identified in the study area 
including clay loam, loamy sand, sandy clay, sandy clay 
loam, and sandy loam (Figure 5). According to the FAO 
framework the soil texture for cocoa cultivation for a 
highly suitable area is said to be fine, slightly fine and 
medium, slightly coarse for a marginally suitable area, 
and coarse for a not suitable area. Therefore all the soils 
types  were  reclassified  into three suitability classes (S1, 
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Figure 9. Reclassified LULC. 

 
 
 

 
 

Figure 10. Reclassified soil. 

 
 
 
S2 and N). Sandy loam, sandy clay loam, and sandy clay 
appears to be the most suitable soil for cocoa, while clay 
loam is moderately suitable, and loamy sand not suitable 
for cocoa cultivation. The result of the reclassified soil 
shows that 70.76% (1390.39862 km²) of the study area is 
highly suitable, 0.62% (12.18269 km²) moderately suitable 
and   28.62%   (562.36869  km²)   not  suitable  for  cocoa  

cultivation (Figure 10).  
 
 
Reclassified slope  
 
The FAO slope recommended for cocoa cultivation 
ranges between  0  and  20%  classified  into 4 classes of 
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Figure 11. Reclassified slope. 

 
 
 
suitability: less than 4% for the highly suitable area, from 
4 to 8% for the moderately suitable area, from 8 to 16% 
for the marginally suitable area, and 16-20 % for the not 
suitable area. Based on the FAO standard the slope of 
the study was reclassified into three classes of suitability 
(S2, S3 and N). The slope ranging between 0 and 8% 
was classified as moderately suitable, between 8 and 
21% marginally suitable, and between 21 and 198% not 
suitable for cocoa cultivation. The result of the 
reclassified slope shows that 56.8 % (1116.0916 km²) of 
the study area is moderately suitable, 35.4% (695.5923 
km²) marginally suitable and 7.8% (153.2661 km²) not 
suitable for cocoa cultivation (Figure 11).  
 
 
Reclassified rainfall 
 
Rainfall is one of the major factors affecting cocoa 
cultivation. The average annual rainfall of the study area 
was 1207.3 mm (Figure 8). According to the FAO 
standard, the average annual rainfall for cocoa is said to 
be 1600 to 2500 mm for the highly suitable area, 1400 to 
1600 mm moderately suitable area, and 1200 to 4000 
mm marginally suitable area. The rainfall of the study 
area is therefore classified as marginally suitable for 
cocoa cultivation (Figure 12).  
 
 
Weighted overlay of the spatial factors and land 
suitability 
 
Weight was generated through Analytic Hierarchic 
Process (A.H.P) for all the reclassified factors in  order  to 

determine the importance of the effects of each factor 
relative to other factors on cocoa cultivation and yield. 
The result of the generated weight attached to each 
factors shows that soil is the most important factor on 
which cocoa depends, as it accounts for 59 %, followed 
by rainfall (23%), cultivated area (11%), and slope (7%) 
(Table 5). The result of the land suitability analysis for 
cocoa cultivation shows that 71.34% (1401.79533 km²) of 
the study area is moderately suitable; while 26.48% 
(520.31876 km²) is marginally suitable and only 2.18% 
(42.83591 km²) of the study area is not suitable for cocoa 
cultivation (Figure 13). The suitability classes of the study 
are the same as the classes obtained by Kappo et al. 
(2014). The result reveals that almost all the study area is 
favorable for cocoa cultivation. This confirms the findings 
of Ajayi et al. (2010) who identified Idanre as the highest 
cocoa producing local government in Nigeria. This is due 
to the capacity of the area to sustain that particular crop. 
Cocoa is the most cultivated crop in Idanre and the main 
farming activity that provides cash flow to the population.  
 
 
Conclusion 
 
This study identified clay loam, loamy sand, sandy clay, 
sandy clay loam, and sandy loam as the major soil types 
in the study area. Other land suitability parameters such 
as rainfall and topography affect the suitability of the land 
for cocoa cultivation. The integration of the land use and 
land cover shows the majority of the study area is 
moderately suitable for cocoa. However, cocoa cultivation 
faces some challenges and is hampered by some factors 
such   as   insufficient   rainfall   and   unsustainable  land  
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Figure 12. Reclassified rainfall. 

 
 
 

 
 

Figure 13. Suitability map for cocoa cultivation in Idanre. 
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Table 5. Factors and weight for cocoa. 

Factor 
Cocoa 

Weight (%) Weight (%) 

Soil 0.5856 59 

Rainfall 0.2338 23 

Land use/land cover 0.1065 11 

Slope 0.0741 7 

Total 1 100 

 
 
 
management practices, such as unplanned urbanization.   
 
 
Recommendations 
 
In view of the main limiting factors of good cocoa 
production and yield being unplanned urbanization that 
destroyed some fertile areas, and insufficient rainfall, the 
study recommends that government should have a good 
urban plan in order to control the use of land by the 
growing population, and preserve the fertile areas and 
areas under farming from destruction. The government 
should also create awareness on rainfall changes and the 
coping strategies by educating the farmers on 
sustainable cocoa management program. Farmer should 
create a cooperative to obtain more support and finance 
for their cocoa farming. Since cocoa constitutes one of 
the most exported crops that provide cash flow, the 
government should invest more on cocoa to sustain the 
production. However, further studies should be carried 
out on cocoa production by combining all the factors used 
in this research, including land use and land cover, 
rainfall, slope, and soil physical properties, with the socio-
economic factor, chemical properties of soil, and 
temperature to improve the accuracy of the results.  
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