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Cacao (Theobroma cacao L.) has long been cultivated in various agro-ecology of 
Indonesia. Therefore, information is needed about suitable land for optimal cocoa 
development. This research was aimed to analysis land suitability of land for cacao 
production using integrated analysis which was biophysics and economics. This 
research was carried out in the cacao-producing districts in South Sulawesi Indonesia 
that classified as humid tropics region. The research was using an integrated 
quantitative land suitability evaluation method based on the parametric approach using 
the square root method and benefit-cost analysis. The soil data collected from 30 sites 
using purposive sampling and cacao yield interviewed from 60 farmers including the 
crop management in each site. The study results showed that 50 % of the sampling area 
is moderately suitable (S2) and 50% of the area is marginally suitable (S3) for cacao.  
These research have found some chemical and physical soil characteristics as limiting 
factors including soil pH, CEC, soil depth, coarse fragments, and soil texture and that 
can still be improved. The Pearson’s correlation analysis showed the significant 
correlation between land suitability index (LSI) with cacao yield (r=0.930, p<0.05), and 
the economic feasibility analysis showed that the B/C ratio of the cacao cultivation in 
this area was feasible (>1) that ranged from 1.5 to 2.5.  The biophysically (LSI) and 
economically (BCR) analysis were showing a strong correlation where indicated with 
coefficient correlation (r) = 0.869, p<0.05). Land potential can be estimated based on 
LSI values integrated with economic analysis (BCR).  
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Introduction 
 
In Indonesia, cacao is one of the prime plantations 
crops that grow along the tropical zones of 
Indonesia. Indonesia is the top three of the main 
cacao-producer in the world after Cote d’Ivore and 
Ghana (Mattyasovszky, 2018), but recently, the 
Indonesian cacao production becomes decrease 
until 12% in 2018 (https://www.pertanian.go.id/, 

2019). In this study, land suitability evaluation will 
emphasize the biophysical analysis of land for 
certain crop commodities which will ultimately 
determine the level of land productivity.  Land 
evaluation is the process of estimating land 
potential to provide alternative land uses 
(Manikandan et al., 2013). The results of the land 
suitability assessment based on biophysical 
(climate, soil), socio-economic suitability and 
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appropriate management support will provide 
optimal and sustainable results (Samanta et al., 
2011; Rabia and Terribile, 2013; Seyedmohammadi 
et al., 2016).  For LSI analysis will involve many 
land characteristics that control the capability of 
the land for specific purposes. Performing land 
suitability evaluation and generating maps of land 
suitability for different land-use types (Albaji et al., 
2009) will facilitate to reach sustainable 
agriculture (Rabia and Terribile, 2013; Dengiz and 
Usul, 2018). According to Rabati et al. (2012), the 
accurate assessment methods (including 
biophysics, socio economic) will give better results 
and consequently support for improved 
management plan. This study examines land 
suitability evaluation for cacao in the humid 
tropics of Indonesia using an integrated 
quantitative approach based on the parametric 
approach and economic analysis. 
 
 

Materials and methods 
 
This research was carried out on District of 
Bantaeng, one of the cacao produce-area in South 
of Sulawesi, Indonesia (Fig. 1.)  The study 
employed the integrated quantitative approach to 
analysis the land potential. Land suitability 
evaluation for cacao was performed using the land 
suitability index (LSI) analyzed with square root 
method (Khiddir, 1986) using equation (1) as 
below: 

 Eq. (1) 
Where LSI is land suitability index, Rmin is 
minimum land characteristic rating and A, B, C etc. 
are other ratings besides the minimum rating. 
The suitability classes are defined according to the 
value of LSI by Sys et al. (1991) as expressed in 
Table 1. 

Table 1. LSI values for different suitability class. 

LSI  Suitability class Definition 
100-75 S1   Highly suitable 
75-50 S2   Moderately suitable 
50-25 S3   Marginally suitable 
25-0 N    Unsuitable 

Source: Sys et al. (1991)   
                            
 

 
Fig. 1: Study Area at Sulawesi Island, Indonesia. 

 
The simple economic analysis of cacao in the study 
area using benefit-cost ratio (BCR). The benefit-
cost ratio (BCR) is calculated as benefits divided by 

costs: 
 

…………Equation (2) 
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Where, Bt is the benefit at time t and Ct is the 
measure of costs at time t. If the BCR > 1, then the 
project might be feasible. 
 
This study covers survey activities and laboratory 
analysis, guided by Landon (1984). For soil 
classification using soil taxonomy system by Soil 
Survey Staff (2014).  Field surveys were collected 
the actual performance of cacao that represents a 
wide range of physical environments within the 
study area that supported by interviewing cacao 
farmers each soil profile site. The correlation 
analysis between the LSI and the value of BCR with 
the actual cacao yield obtained in the field were 
carried out using Pearson's correlation analysis with 
correlation coefficient value (r)= 0<r<1.c 

Results and discussion  
 

Climate and terrain of study area 
 
According to Oldeman (1977), climate type of the 
study area classified as B2 type with 9 wet months 
and 2 dry months.  The Oldeman was determined 
the climate types based on the month of the 
consecutive wet and dry consecutive month as well, 
when precipitation over 200 mm is a wet month 
and less than 100 mm is a dry month.   

 
Several types of land use can be founded in the 
study area, including agroforestry cacao-based, 
cacao monoculture, shrubs, and dryland agriculture. 

 

 
Fig. 2: The average of precipitation at study area (2009-2018). 

 
Based on the soil taxonomy system (Soil Survey 
Staff, 1975; 2014), soils in the study site classified 
as Inceptisols, Alfisols, and Ultisols which were 
spread throughout the Bantaeng Regency. 
Inceptisols were found in the undulating area from 
the sandstone parent material. Alfisols were found 
in drier regions and form in alluvial in the flat 
regions. Ultisols were found in a more humid area, 
flat-wavy topography from the alluvial parent 
material. Alfisols are characterized by clay 
accumulation in the subsoil (argillic horizon), 
accumulation of high-activity clays (CEC >24  cmol  
kg-1 clay) and high base saturation (>50 %) while 

Ultisols have argillic with base saturation <50% 
(Soil Survey Staff, 2014). According to FAO (2015), 
Ultisols and Alfisols ordo characterized by the 
development of structure, frequently with shiny 
aggregate faces (Fig. 3b and 3c). They formed from 
ultrabasic rocks or sediments derived under 
relatively intense weathering conditions in humid 
tropical regions. Therefore, many low activity 
clays, Fe-hydroxides and Al-hydroxides found it in 
this area. The dominant texture is clay loam or clay 
and the common structure are angular and/or sub-
angular blocky. Fig. 3 shows the soil profile found 
in the study area. 
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Fig. 3: (a) Inceptisols; (b) Alfisols; (c) Ultisols. 
 
 

Land suitability evaluation 
 
Land suitability analysis at 30 sites using the square 
root method showed that LSI ranges from 32 to 58 
which classified as S3 and S2 respectively (see Table 
2). Some soil characteristics become limiting factors 
for cacao in this area were climate, CEC, C-organic, 

soil texture, topography and soil pH. Based on Sys 
et al. (1991); (Rabia and Terribile, 2013); (Hopkins, 
2007), the S1 (highly suitable) class refers to 
optimal yields (more than 75% of optimal, the S3 
class to marginal yields (yields between 40 percent 
over and 10 percent below marginal), S2 has 
intermediary yields and has lower yields. 

 
      Table 2.  LSI  and subclass of study area. 

Site LSI Subclass Site LSI Subclass 
1 58 S2c,f 16 34 S3f 
2 55 S2c,t 17 32 S3t,s 
3 53 S2c,f,t 18 55 S2c,f 
4 49 S3f,w 19 41 S3f,t 
5 47 S3f,s,w 20 43 S3f,s 
6 46 Sc,f,t 21 54 S2c,t 
7 45 S3s,t 22 56 S2c,f 
8 52 S2c,f 23 58 S2c,f 
9 47 S3f 24 56 S2c,w 
10 47 S3f,t 25 40 S3f,t 
11 58 S2c,f, s 26 36 S3f,t 
12 47 S3f,t 27 58 S2c,s 
13 56 S2c 28 58 S2c,f 
14 38 S3f,s 29 56 S2c,t 
15 37 S3f 30 32 S3f,w 

Note: c: climate; f: soil fertility; t: topography; s: soil physics; w: wetness 
 

In Table 2, the LSI values for the study areas 
ranging from 32 to 58 indicate that the study area 
has marginal land suitability classes to be 
moderately suitable for cocoa. This is in line with 
the results of cacao obtained, ranging from 0.5 to 
1.0 (t ha-1) (see Table 3) which is still below the 
value of the optimal yield. According to Bindraban 

et al. (2000); Verdoodt and Ranst (2003), in 
situations of potential crop production, the level of 
potential production can be achieved if plants are 
planted in a condition of adequate water and 
nutrient supply, pests and disease control 
(controlled). Temperature, radiation, CO2 and 
genetic characteristics of plants will determine the 

3a 3b 3c 
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rate of plant growth. In situations of potential crop 
production, the level of potential production can be 
achieved if the plants are planted in a condition of 
sufficient water and nutrient supply, pest and 
disease control (controlled). Temperature, 
radiation, CO2 and genetic characteristics of plants 
will determine the rate of plant growth.  
Furthermore, to support the suitability analysis of 

cocoa land in the study area, an economic 
feasibility analysis of cocoa farming was collected 
from 60 cocoa farmers. The analysis shows that the 
average BCR value in the study area ranges from 
0.7 to 2.5 (Table 3) which means that cocoa 
farming in the study area was partly classified as 
feasible because it has a BCR > 1 and is not feasible 
because the BCR <1 (Shively, 2013). 

       
      Table 3. BCR, cacao yield and LSI of the cacao cultivation at the study area. 

Site LSI Cacao yields (t ha-1) BCR Site LSI Cacao yields (t ha-1) BCR 
1 58 1.0 2.4 16 34 0.5 1.0 
2 55 0.9 2.0 17 32 0.5 1.0 
3 53 0.8 2.0 18 55 0.9 2.5 
4 49 0.8 1.2 19 41 0.6 1.0 
5 47 0.7 1.1 20 43 0.5 1.2 
6 46 0.7 1.0 21 54 1.0 2.4 
7 45 0.6 1.1 22 56 1.0 2.5 
8 52 0.9 1.9 23 58 1.0 2.5 
9 47 0.6 1.2 24 56 0.8 2.0 
10 47 0.6 1.1 25 40 0.6 1.0 
11 58 1.0 2.5 26 36 0.5 1.0 
12 47 0.6 1.1 27 58 1.0 2.3 
13 56 0.9 1.9 28 58 1.0 2.2 
14 38 0.6 1.0 29 56 0.9 2.1 
15 37 0.5 1.0 30 32 0.5 1.0 

 

 
Correlation analysis between LSI with 
cacao yield and BCR 
 
The Pearson’s correlation analysis between LSI 
and cacao yields showed that a positive significant 

relationship as indicated by the Pearson’s 
correlation coefficient r = 0.930*; p<0.05 (Fig. 4).  
The correlation analysis results indicate that along 
with the increase in LSI values, it was accompanied 
by an increase in cacao yields.   

 

 
Fig. 4: The correlation between LSI with cacao yield. 



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(2), 7-13  
 

 

R. Neswati et al. (2020) / Integrated land suitability analysis of cacao (Theobroma cacao L.) using parametric and economic 
approach 

 

12 

The results of the analysis show the LSI values at 
all observation sites are classified as S3 (marginal 
suitable) and S2 (moderately suitable) where 
according to Sys et al. (1991) and Rabia and 
Terribile (2013) marginal yield reflected the level 
of productivity and the total profit was in 
equilibrium with total expenses. If the optimal 
yield for cacao is 2 t ha-1 (Sys et al., 1993), then 
cacao predicted yield for marginal is 0.8 (t ha-1), 
which means BCR = 1 (Zali Vargahan et al., 2011), 

and for moderately suitable (S2) is 1.5 t ha -1. To 
determine the correlation between LSI and BCR 
in all units using Pearson correlation analysis was 
performed as shown in Figure 5. The analysis 
showed that the value of r = 0.869 * (p <0.05) 
which means there are strong correlations 
between LSI and BCR at the study site.  This 
means that along with the increase in the value of 
LSI it will also be accompanied by an increase of 
cacao yield. 

 
 

 
Fig. 5: The correlation between LSI with BCR. 

 
 

Conclusion 
 
Land potential can be estimated based on LSI 
values integrated with economic analysis (BCR). 
The LSI analysis results showed the location of the 
study had the potential to produce cacao> 0.8 t ha-1 
with a BCR value ≥ 1.  The results of the analysis of 
potential development areas for cacao cultivation 
show that are suitable (at S2 and S3 classes) with 
land suitability index ranged from 32 to 58.  
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