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ABSTRACT 

 
One of the agricultural public commodities in 
Indonesia which still can not fulfill the domestic 
consumption needs is soybean. The objectives 
of this research were: (i) to identify the suitable 
area for soybean plantation in paddy fields, (ii) to 
assess the development of soybeans in land use 
and socio-economic context, and (iii) to plan the 
spatial plantation of soybean. A land evaluation 
for soybean was completed. IKONOS imagery 
was analyzed to delineate paddy fields, while a 
dynamic system modelling was developed 
integrating physical and socio-economic aspects. 
The research results showed that the land 
suitability class for soybean plantation in the 
paddy fields in Karawang Regency ranged from 
not suitable (N) to suitable (S2), with limiting 
factors such as temperature, fertility, nutrients 
retention, slope, erosion, rooting media and 
toxicity. Very limited arable land has been used 
actually for soybeans plantation due to low 
economic returns. The model predicts that if the 
development of soybean continues in its 
business as usual path, a deficit of soybean will 
increase in 2030. The model provides alternative 
scenarios to reduce the deficit. Prioritization was 
done spatially using the suitable land gradually. 
 
Keywords: land evaluation, land use planning, 

soybean production and consumption 
 

INTRODUCTION 
 

Indonesia is currently facing serious 
problems in terms of food supply due to high 
amount of population. The supply adequacy of 

rice as the staple food of the country is alarming 
(Dursin, 2012). The domestic demand of other 
food commodities such as beef, corn, sugar, are 
so far resolved through the import mechanism, 
which is of course worrying in terms of national 
food security (Simatupang et al., 2005; Supadi, 
2009). 

One of the commodities which is now a 
basic requirement of the people but still can not 
be fulfilled through the national agricultural 
supply is soybean. The limitation in domestic 
soybean production in recent years has led the 
government to introduce an exemption of 0% of 
soybean import duty in 2013 (Ministry of 
Finance, 2013), while in the past, this 
commodity was subject to 5% of import duty. 
Several researches (Suminartika, 2008; Hayati 
et al., 2014) indicate that the omission of import 
tariffs will result in lower prices for the domestic 
soybean and thus will cause difficulties for 
soybean farmers. Meeting the needs through 
imports may cover the short-term needs of 
soybeans in the country, but of course this 
solution is only resolving the problem 
temporarily (Simatupang et al., 2005). This is 
evident from the fact that the import has also 
experienced problems. The decline in US 
soybean production caused by crop failures due 
to bad weather in 2012 (Crutchfield, 2013) 
triggered domestic soybean price volatility in 
Indonesia. Based on this experience, the 
fulfillment of these needs through domestic 
production should be ensured. 

Soybean domestic production is currently 
an alarming fact. The data from the Indonesian 
Bureau of Statistics (1990-2013) showed that 
there was a decline in soybean plantation in the 
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last decade. As an illustration, if in 1993 
Indonesian soybean planting areas encompassed 
around 1,468,316 ha, the planting area in 2013 
was only 554,132 ha. Although the average 
productivity has successfully been improved 
significantly from 1,163 kg.ha

-1
 in 1993 to 1,457 

kg.ha
-1

 in 2013, the production decline cannot be 
avoided due to the decrease of planting area: 
only 807,568 tons of soybeans were produced in 
2013, a substantial decrease of less than half of 
the production of 1993, which was 1,707,126 
tons. 

Meanwhile, soybean consumption in 
Indonesia increased from 3.43 kg.capita

-1
.year

-1
 

in 1970s (Mursidah, 2005) to 9.97 kg.capita
-

1
.year

-1
 in 2012 (IAARD, 2012). The 851,286 

tons of local soybean production in 2011 were 
able to meet only 29% of the total national need. 
Indonesia imported then 2,087,986 tons of 
soybean to make up for the lack of 71% of 
domestic soybean (Indonesian Bureau of 
Statistics, 2011). This challenge will continue to 
grow with the increase of population. In addition 
to human consumption, soybean demand 
continues to grow along with the increasing use 
for animal feed (Anonymous, 2011). The need 
will also increase with the prospect of using this 
commodity for biofuels (Brown, 2008; Pimentel 
et al., 2009; Naylor et al., 2008; Liu and Li, 
2010). 

There are many factors that cause 
planting area to dwindle, which in turn leads to 
the decrease of production. The main cause is 
believed to be the lack of farmers’ interest to 
plant soybeans because of low economic 
returns (Amaliyah, 2013; Suyamto and Widiarta, 
2013). Efforts should therefore be made to raise 
the interests of farmers, among others, the 
identification of potential land for cultivation, 
which should be coupled with production 
incentives such as provision of attractive price 
(Adisarwanto, 2010). If soybean prices and 
trading system can be improved, it is possible to 
increase production because there are still lands 
available. The situation can be improved by 
planting soybean only in biophysically suitable 
areas in order to enhance high productivity. This 
is where we may insist on the importance of land 
suitability evaluation. The method of land 
suitability evaluation for soybean as well as for 
other commodity has been developed (FAO, 
1976; Rossiter, 2001). Since farmers play a big 
role in this matter, the improvement of the 

farmers’ income needs also to be reflected. 
Therefore, an integrated analysis taken into 
account the aspects of land availability, land 
suitability, soybean demand and supply and 
other socio-economic aspects need to be 
considered. The dynamic system modelling can 
facilitate the integration of these aspects (Liu et 
al., 2007; Ferretti and Pomarico, 2013; Russel et 
al., 2013; Turner et al., 2013). 

Karawang Regency is an agricultural 
production center. The main crops in this region 
is paddy. Soybean was generally planted as an 
alternative commodity in between two paddy 
plantation periods and thus, soybeans would not 
be a competitor for paddy. As a paddy 
production center, theoretically there are still 
vast area of paddy field to be planted by 
soybean. As an illustration, according to the data 
of Indonesian Bureau of Statistics (1990-2013), 
the paddy field area in 2011 in this regency 
encompass around 95,927.65 ha, however, 
soybean plantation in 2011 has decreased to 
only 585.16 ha in 2011, while soybean 
plantation in 1993 was 104,772 ha. Hence, the 
research was done in the context of developing 
soybean as an alternative crop rotation to 
paddy. Karawang is also an area close to the 
state capital, Jakarta, so that changes in land 
use from agricultural land to non-agricultural use 
is quite dynamic. 

The objectives of this research were to: (i) 
identify the suitable area for soybean plantation 
in paddy fields, (ii) to assess the development of 
soybeans in land use and socio-economic 
context, and (iii) to plan the spatial soybean 
plantation priority in paddy field according to 
dynamic socio-economic factors. 
 

MATERIALS AND METHODS 
 

This research was conducted in 
Karawang Regency, West Java Province (Figure 
1). The area lies between 107º02’-107º40`E and 
5º56`-6º34`S, in the north coast of Java Island. 
The regency has an area of 175,327 ha and 
consists of 30 districts. The soil is quite fertile, 
developed from volcanic parent material in the 
southern part and alluvium in the north shore. 
This region is a flat region with slope of 0-3% 
constitutes 83.6% of the area, and height of <12 
m above sea level constitutes 57.6% of the area. 
This region has a wet tropical climate, with an 
annual rainfall varying from 1,300 to 3,200 
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mm.year
-1

. The wettest month is February, with 
485 mm.month

-1
 rainfall and the driest month is 

July with 5 mm.month
-1

 rainfall. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Research location of Karawang 

Regency, West Java, Indonesia 
 

Paddy Field delineation. As the analysis in this 
study is focused on soybean planted in paddy 
fields, existing paddy field was first delineated by 
using high-resolution (1 m) imagery, IKONOS of 
2012. The delineation was done by Ministry of 
Agriculture. 
 
Land Suitability Analysis. Analysis of land 

suitability for soybean in paddy fields area was 
done using the Automated Land Evaluation 
System (ALES), according to the method 
described in Rossiter (2001), Albaji et al. (2009) 
and Widiatmaka et al. (2012). The Land 
Mapping Unit (LMU) evaluated was taken from 
previous soil mapping at scale of 1:50,000 which 
included 68 soil samples (Faperta IPB, 1993; 
Puslittanak, 1996). Twenty additional soil 
samples were conducted for this study in 2013. 
Detailed LMU is not presented in this paper due 
to page limitations. Land suitability criteria used 
was the criteria from Land Ressources 
Evaluation Project (LREP II) (Hardjowigeno and 

Widiatmaka, 2007; Ritung et al., 2007). Result of 
land evaluation was land classification into 
classes of S1 (very suitable), S2 (suitable), S3 
(marginally suitable), N1 (currently not suitable) 
and N2 (permanently not suitable). The sub-
class was indicated by abbreviation of limiting 
factors (Hardjowigeno and Widiatmaka, 2007; 
Djaenudin et al., 2003). 

The procedure of land evaluation in ALES 
were performed in several steps including 
determination of land use type (LUT), in this 
case soybean monoculture in paddy fields, land 
use requirements (LUR), land characteristics 
(LC), and analysis using decision tree. The 
software used for land evaluation was ALES ver. 
4.65e. The analysis was done by integrating 
Arc-GIS 10.1 and ALES. LCs used for land 
evaluation were stored in ALES database. The 
knowledge deriving from the expert was used to 
evaluate the suitability of each LMU. The results 
of ALES land evaluation were then transferred to 
Arc-GIS for geographic reference in order to 
depict the results in the form of map and 
tabulation. 
 Economic land suitability has also been 
done with ALES using the data of Indonesian 
Bureau of Statistics. The result was compared 
with economic land suitability of paddy field. 
Detail of the economic analysis will however not 
be presented, it can be consulted in Widiatmaka 
et al. (2012). 
 
Dynamic System Modelling. The dynamic 

system models were used to formulate, simulate 
and validate the sustainable land use for 
soybean. System dynamics is designed for 
analysis of complex physical-socio-economic 
systems (Shen et al., 2009). A detailed 
description of the methodology is presented by 
Forrester (1968). This methodology has been 
applied into various fields, including environmental 
sustainability (Forrester, 1961, 1968), 
environmental management (Mashayekhi, 1990), 
transport and land use planning (Heimgartner, 
2001; Shen et al., 2009; Luo et al., 2010), mining 
ressources (Elshkaki, 2013), land and water 
resource planning (Ford, 1996; Zarghami and 
Akbariyeh, 2012), ecological modelling (Li et al., 
2012), agricultural sustainability (Saysel et al., 
2002; Turner et al., 2013), regional planning and 
management (Guo et al., 2001). 

All system dynamic models are made out 
of three kinds of variables: stock, rate, and 
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auxiliary, and two kinds of flows, physical/material 
and information. In system dynamics, simulation 
is governed entirely by the passage of time and 
is referred to as ‘‘time-step’’ simulation (Coyle, 
1996; Shen et al., 2009). The purpose of a 
dynamic system study is to understand how and 
why the dynamic systems are generated and to 
search for managerial policies to improve the 
situation. These policies refer to the long-term, 
macro-level decision rules used by upper 
management (Saysel et al., 2002; Shen et al., 
2009).  

Soybean cultivation could be viewed as a 
system which can be modeled. The model built 
is described through causal loop (Figure 2). The 
model developed in this research consisted 
broadly of 3 (three) sub-models, namely: (i) land 
use sub-model, (ii) economic sub-model, and (iii) 
demand sub-model. In this research, the model 
was built using Powesim 8.0 software.  

In land use sub-model, the first factor to 
be considered was the "paddy field area". In this 
area, the suitability for soybean was considered; 
this includes lands currently planted with 
soybeans and unused land that has the 

potencies for soybean planting. All of these 
factors would affect the planted and harvested 
area of soybeans. 

Land use sub-model is related to the 
economic sub-model through the soybean price 
and soybean production costs. The higher the 
price of soybeans, the lower the production 
costs, or in other words, the higher the profits, 
the higher the willingness of farmers to plant 
soybeans. Many researches have indicated this 
phenomena (Prasetyo et al., 2012; Suyamto and 
Widiarta, 2013). This sub-model is also related 
to the profitability of paddy production. 

The results of the survey for this research 
showed that the higher the level of profit from 
paddy production, the lower the willingness of 
farmers to plant more soybeans. Therefore, 
factor of soybean to paddy benefit ratio affects 
the sub-model. 

The land use sub-model and economic 
sub-model are associated with the demand sub-
models. The demand for soybeans is influenced 
by the level of per-capita consumption, the 
amount of population growth and stock. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Causal loops of soybean dynamic system model 
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The model validation was performed by 
error analysis using 2 (two) parameters: (i) 
Absolute Mean Error (AME), which is the 
difference between the average value (mean) of 
the results of simulation with the actual value; 
the actual value means the value obtained from 
the actual data of Indonesian Bureau of 
Statistics, and (ii) Absolute Variation Error 
(AVE), which is the deviation of variation 
(variance) of simulation with actual variation. 
The limits of acceptable deviation were between 
1-10% (Hartrisari, 2007). 

 
AME = [(Si – Ai)/Ai]..........................................(1)  
Si = Si N, where S = simulation value  
Ai = Ai N, where A = actual value 
N = time series interval  
 
AVE = [(Ss – Sa)/Sa].......................................(2)  
Ss = ((Si – Si)

2 
N) = deviation of simulation value  

Sa = ((Ai – Ai)
 2 

N) = deviation of actual value 
 

To facilitate the formulation of policy 
alternatives, scenarios were formulated in the 
model. The scenarios were compiled according 
to type and level of intervention to the existing 
policy. In the case of soybean production in 
Karawang Regency, some considerations for the 

compilation of policy alternatives were: (i) 
whether there were sufficient suitable lands for 
soybean? (ii) If yes, where, and could such 
lands be located spatially? (ii) whether it was 
possible to give incentives to farmers in an effort 
to increase the planting area, rather than 
providing incentives to import duty exemption? 

 
RESULTS AND DISCUSION 

 
Karawang Regency as a whole is 

composed of 65 LMUs. LMU is compiled based 
on LMU components, including the soil 
classification in sub-group category, parent 
material, slope, and landform. Figure 3a 
presents the spatial distribution of soil types. 
The soil classification in this figure was grouped 
in order category (Soil Survey Staff, 2010) to 
facilitate the presentation.  

In the category of soil order (Soil Survey 
Staff, 2010), the dominant soil was Inceptisols, 
followed by Entisols. Other soils found were 
Alfisols, Ultisols and Molisols (Figure 3a). Most 
of the soils were found in the form of 
associations and complex of LMU. The mapping 
scale was at 1:50,000 (Faperta IPB, 1993; 
Puslittanak, 1996). 

       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 3. Map of: (a) soil class at sub-group categories, and (b) land cover, of Karawang Regency 

(a) (b) 
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The results of land use and land cover 
analysis are presented in Figure 3b and Table 1. 
The main land-use in Karawang was respectively 
paddy fields, residential, agricultural dry land and 
ponds. Paddy field is the largest land use, 
covering 53.9% of the total area of analysis. 

 
Table 1. Land use and land cover of Karawang 

Regency 

Nr Landuse/Land Cover 
Area 

Ha % 

1 Water Body  1,001.0  0.5  

2 Shrub  741.8  0.4  

3 Forest  6,811.3  3.6  

4 Plantation  496.0  0.3  

5 Settlement  39,706.7  20.7  

6 Dry Land Agriculture  21,016.4  11.0  

7 Paddy Field  103,093.6  53.9  

8 Pond  18,472.0  9.7  

9 Bared Land  67.2  0.0  

 

Total  191,405.9  100.0  

 
Soil samples that were used to determine 

land quality and land characteristics were 
analyzed, the summary of this analysis is 
presented in Table 2. Soil sampling locations are 
presented in Figure 4a. The actual land 
suitability map for soybean in existing paddy 
field area is presented in Figure 4b and Table 3. 
The results of the analysis of potential land 
suitability, when treatments to overcome limiting 
factors were provided, are presented in Figure 
4c. 

The results of the analysis of actual land 
suitability for soybean in paddy fields showed 
that land suitability for soybeans ranged from S2 
(suitable) to N2 (permanently not suitable). The 
total suitable land for soybean, S2 and S3 class, 
was 95,721.11 ha, out of 103,093.59 of paddy 
field area. In the S2 class, land quality which 
became the limiting factor for soybeans growth 
included r (rooting medium), n (available nutrients), 
f (nutrient retention), and t (temperature). In the S3 
(marginally suitable) land suitability class for 
soybeans, the limiting factors were r (rooting 
medium), f (nutrient retention), t (temperature), n 
(available nutrients) and x (toxicity). The land 
suitability of N (not suitable) for soybeans 
appeared with limiting factors such as r (rooting 
medium), f (nutrient retention), s (toxicity) and e 
(erosion). From these limiting factors, those 
which extensively appeared were r (rooting 
medium), n (available nutrients) and f (nutrient 

retention). The limiting factor of rooting medium 
that often arises was the soil texture. Some 
areas, especially in the northern part of 
Karawang Regency, have a relatively coarse 
texture. A low level of available P, which is a 
limiting factor of available nutrient, appeared in 
most areas, while K-exchangeable was relatively 
non-problematic. Low organic matter was a 
limiting factor on nutrient retention. 

Some limiting factors could not be 
improved by farmers because of their 
inadequate technology, for exemple the land 
quality of rooting medium which was caused by 
soil texture. The percentage of nutrient retention 
(f) which was caused by low organic-C could be 
improved through the application of organic 
manures. The availability of nutrients (n) could 
be improved through the application of P or K 
fertilizer according to the land characteristics. 

The result of the economic land suitability 
analysis showed that the value of gross margin 
received by farmers when they plant soybean in 
S2 soybean-suitable class land was only Rp. 
4,441,875.00. This value was much lower than 
the results received from paddy planted in S2 
paddy field-suitable class, which achieved a 
gross margin of Rp. 26,542,200.00. This result 
describes why soybean planting is not 
economically attractive for farmers. These results 
confirm the continuous decline in soybean-
planted area. According to the interviews with 
farmers, out of 42 respondents, 93% of them 
said that they did not want to plant soybeans 
because the yields were not worth the efforts. 
Most respondents (83%) stated that they were 
willing to plant if the government provided a 
subsidy of 5% of the price. When the subsidy 
was increased to 10%, 98% of respondents 
were motivated to plant soybeans. The 
constraint however is the willingness of the 
government to support such policy, in addition to 
the availability of the budget. 

The efforts to increase soybean production 
cannot be separated from the effort to increase 
the farmers’ income. The intensification and 
extension efforts as described above need to be 
done together with other businesses, including 
subsidies for farmers, cropping pattern 
arrangement, counseling, technical assistance 
and other efforts (Simatupang et al., 2005). 
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Table 2. Summary of analysis result of soil samples
1) 

Nr Soil Type n 
 

pH 
 Org-

C 
Total-

N 
 Available-

P 
 

Ca Mg K Na 
 

CEC 
 Al-

sat 

H2O KCl  %  Ppm   cmol(+).kg
-1

  % 

1 Alfisols 1 
 

6.2 -  1.7 0.2  -  18.8 18.5 0.8 0.5  41.8  - 

2 Entisols 3 
min 5.7 5.3  3.3 0.2  5.2  1.6 17.7 2.3 10.0  36.7  - 
ave 6.4 5.9  5.1 0.3  20.7  5.9 23.0 3.8 12.9  55.7  - 
max 7.0 6.5  7.0 0.4  48.0  14.4 29.5 6.5 15.4  88.8  - 

3 Inceptisols 33 
min 4.7 3.7  0.4 0.1  0.4  1.1 0.4 0.1 0.1  0.5  0.2 
ave 5.8 4.6  1.4 0.3  23.7  15.4 6.4 0.7 2.2  29.1  8.5 
max 7.5 5.8  3.4 0.8  95.0  28.1 16.8 4.5 23.8  99.6  35.4 

4 Mollisols 1 
 

7.4 6.4  3.2 0.4  17.0  5.7 1.6 0.3 0.1  47.4  - 

5 Ultisols 9 
min 4.0 4.0  0.6 0.1  0.3  13.0 3.4 0.2 0.7  4.4  0.1 
ave 5.6 4.9  1.3 0.4  16.3  20.5 13.2 1.0 7.5  47.2  0.4 
max 7.1 6.0  2.5 0.9  49.0  25.9 22.9 4.3 46.5  99.3  0.9 

6 
Soil Association 
(Alfisols Dominant) 

6 
min 4.4 4.0  0.5 0.1  0.2  2.0 6.6 0.1 0.3  4.2  0.3 
ave 5.1 4.2  1.1 0.3  1.8  15.9 13.0 0.4 0.7  21.5  8.2 
max 5.7 4.4  1.7 0.8  7.8  24.9 19.0 0.6 2.5  37.9  19.9 

7 
Soil Association 
(Inceptisols 
Dominant) 

15 
min 4.0 3.6  0.7 0.1  0.1  0.1 2.3 0.1 0.1  0.2  0.2 
ave 5.3 4.4  1.2 0.4  2.1  17.7 9.0 0.9 3.9  40.7  6.0 
max 6.5 5.4  1.8 0.9  9.0  42.8 26.7 8.8 32.8  99.6  25.3 

8 
Soil Complex (Alfisols 
Dominant) 

1 

 
5.9 - 

 
1.8 0.2 

 
0.3 

 
2.2 9.7 0.5 0.4 

 
38.5 

 
- 

9 
Soil Complex 
(Entisols Dominant) 

6 
min 6.0 5.0  0.3 0.1  5.0  6.1 3.9 0.2 0.1  1.8  - 
ave 6.7 5.8  4.2 0.3  18.4  11.8 13.4 2.6 19.5  29.4  - 
max 7.7 7.1  13.5 0.4  35.0  21.8 25.9 5.8 93.1  48.7  - 

10 
Soil Complex 
(Inceptisols 
Dominant) 

12 
min 4.2 3.7  0.7 0.1  0.2  2.3 0.6 0.1 0.1  2.4  0.2 
ave 5.0 4.2  1.4 0.3  7.0  10.1 4.9 0.5 0.7  30.6  7.4 
max 7.7 6.8  2.3 0.9  23.4  21.6 15.6 1.5 2.5  49.7  24.7 

11 
Soil Complex 
(Vertisols Dominant) 

1 

 
5.2 4.3 

 
1.6 0.1 

 
25.2 

 
18.5 2.5 0.2 0.3 

 
35.9 

 
0.3 

 
Remarks: 

1)
 Soil samples were taken at 0-20 cm depth 
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(a)    (b)    (c) 

 
Figure 4. Map of: (a) soil sampling locations, (b) the actual land suitability, and (c) the potential land 

suitability, for soybean in paddy fields area, Karawang, West Java Province 
 

Table 3. Actual land suitability for soybean 

Nr Land Suitability Land Mapping Unit 
Area 

Ha % 

1  S2tn 08a  89.0  0.1  

2  S2tfn 10a, 12a  490.5  0.5  

3  S3r 10b, 11b, 12b, 18b, 19b, 20b, 26a, 29b, 36b, 37b, 38b, 43b, 
44b, 46b  

21,656.7  22.6  

4  S3f 09c  364.0  0.4  

5  S3n 07b, 08b, 09a, 10c, 11c, 18a, 20a, 21a, 30a, 34a, 35a  2,565.9  2.7  

6  S3rt 21b, 23b, 24b, 27b  10,160.8  10.6  

7  S3rn 03a, 04a, 11a, 13c, 14a, 22b, 25a, 26b, 62b  20,558.1  21.5  

8  S3rf 13a, 15b, 16b, 17b, 28a, 32b, 33b, 34b, 55b, 59b, 63b, 64b, 
65b  

7,886.1  .2  

9  S3fn 19a, 40b  3,356.0  3.5  

10  S3ns 42b, 48b  134.8  0.1  

11  S3rfn 06a, 07a, 15a, 16a, 17a, 28b, 30b  20,938.9  21.9  

12  S3rfs 50b, 51b, 56b, 58b, 61b  481.6  0.5  

13  S3rfx 09b  750.6  0.8  

14  S3sef 22a, 24a, 31a, 32a, 47a  603.6  0.6  

15  S3sen 29a, 38a, 41a  118.0  0.1  

16  N1f 07c, 23a, 33a, 36a  1,121.3  1.2  

17  N2r 01a, 01b, 02a, 03b, 04b, 05b, 06b  4,372.9  4.6  

18  N2s 37a, 39a, 40a, 42a, 43a  68.7  0.1  

19  N2se 48a  3.9  0.0  

   Total 95,721.1  100.0  
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Land use planning based on a dynamic 
system was then composed from the results of 
the land suitability analysis. The scenarios 
constructed are as follows: (i) there is no 
treatment given; the area of soybean plantation 
is the same as the current area, which is a 
planted area of 872 ha in 2013, without any 
subsidies to farmers (Scenario 1); (ii) the area 
planted with soybean is equal to the existing 
area of 872 ha, however subsidies amounting to 
5 % of the price of soybeans are given to the 
farmers; with the soybean price at the current 
condition assumed at Rp. 9,000,-, making the 
subsidy as Rp. 450.- (Scenario 2); (iii) Soybean 
is planted throughout the entire land with an S2 
land suitability level (6,285.87 ha); the planning 
of plantation is set up to ensure that there is an 
increase of 2,000 ha in each 5 year, along with a 
subsidy of 5% is given to the farmers (Scenario 
3), and (iv) All suitable lands (level of suitability 
for soybean S2 and S3) are to be planted. Note 
that according to the model, taking into 
consideration that land conversion in Karawang 
Regency will occur (Widiatmaka et al., 2013), 
there will only be 51,277.98 hectares of paddy 

field plantation left out of an initial of 90,000 ha 
of paddy field in 2030. However, considering the 
capability of the government, the treatment was 
made so that there is an increase of 15,000 ha 
in each 5 year, along with a 5% subsidy is given 
to the farmers (Scenario 4). The results of the 
simulation will produce the most rational 
outcome and should be applied as the 
recommended policy. 

The results of the simulation up to 2030 
which has calculated by taking into consideration 
the increase of population, soybean consumption, 
including soybean surplus and deficit are 
presented in Figure 5 (a, b, c), where the number 
of population in Karawang Regency in 2030 will 
amount to 3,452,491 people (Figure 5a).  

With such a population, the consumption 
of soybeans at that time is predicted to amount 
to 169,165.42 tons (Figure 5b). In this regard, if 
no effort is made, there will be a deficit of 
soybean by 168,801.63 tons (Figure 5d). This 
high deficit is certainly catastrophic for the 
supply of soybeans in Karawang Regency. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Results of simulation models for: (a) population growth, (b) soybean consumption c) soybean 

production and (d) soybean deficit 
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Figure 6. (a) Result of the model according to scenario 1 (soybean production 1) and scenario 2 (soybean 

production 2); (b) budget necessary for to scenario 1 (budget 1) and scenario 2 (budget 2); (c) 
result of the model according to scenario 3 (soybean production 3) and scenario 4 (soybean 
production 4); and (d) budget necessary for scenario 3 (budget 3) and scenario 4 (budget 4) 

 
Result of the model in term of soybean 

production and the budget necessary in 4 
scenarios are presented in Figure 6. With 

Scenario 1, the soybean production in 2030 will 

only be 363.79 tons. Since the consumption in 
Karawang Regency in 2030 is 169,165.42 tons, 
there will be a deficit of soybean of 168,801.63 
tons in the regency. 

In Scenario 2, the soybean production in 
2030 will increase to become 427.04 tons. The 
increase of the production is the result of 
fertilizer intensification which results in an 
upsurge of productivity and an amelioration of 
infrastructure received from the subsidy. The 
model assumed that the budget would increase 
its productivity compared to that without subsidy. 
Scenario-2 implies that the government should 
provide a subsidy budget of Rp. 156,334,620. 

Scenario 3 is the ideal scenario, 
considering that S2 suitability for soybean is the 
best suitable soybean planting area in Karawang 

Regency. However, since there is a limited 
budget from the government, the scenario can 
only be considered if it is done gradually. With 
such a scenario, soybean production in 2030 will 
become 4,402.38 tons. The budget necessary 
for this scenario will be Rp. 1,589,014,293.76. In 
this case, the deficit in 2030 will be 164,763.04 
tons. 

In scenario 4, only 51,277.98 ha of 
suitable soybean plantation area is available. 
This value takes into account the land 
conversion rate in Karawang Regency as 
calculated in other research (Widiatmaka et al., 
2013). Similar to other scenarios, taking into 
consideration the capability of the government, 
the planting areas deliberately planned gradually 
increase every 5 years. With this scenario, 
soybeans production in 2030 will be 52,230.16 
tons with a deficit of 116,935.26 tons. The 
budget necessary for this scenario will be Rp. 
23,075,091,185.04. 
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 (a)       (b) 
 
Figure 7. Spatial priority for soybean plantation: (a) with scenario 3 of the model, (b) with scenario 4 of the 

model 
 

The validity test shows the deviation of 
the simulated result compared to the actual 
data. For the total population, in term of 
Absolute Mean Error (AME), the deviation from 
the actual data reaches 0.0047%, whereas in 
term of Absolute Variation Error (AVE), the 
deviation reaches 0.0128%. In harvesting areas, 
the deviation from the actual data is 0.0350% in 
terms of AME, whereas in term of AVE, the 
deviation is 0.0486%. For data of soybean 
production, the deviation from the actual data in 
term of AME is 0.9% while in term of AVE, the 
deviation is 2.4935%. Thus, the limit of deviation 
based on the results of this test is <10%. It can 
be concluded that based on these validity tests 
the model provided is able to simulate the 
soybean production changes that occur. 

Based on the scenarios tested, it seems 
that it is very difficult to achieve self-sufficiency 
in soybeans. Since soybean is not a native 
tropical commodity, meeting the increasing 
demand through domestic production is difficult. 

Viewing the case in Karawang Regency, using 
paddy field for soybean is still recommended, 
while it does not meet the requirements, it will 
however save the country’s foreign exchange. 
The spatial priority for soybean planting 
according to the scenario 3 and 4, which are the 
most recommended scenarios, are presented in 
Figure 7. In this figure, prioritization was done 
according to the land suitability: the higher the 
level of suitability, the more it becomes priority. 
 

CONCLUSION 
 

The results of the research showed that 
paddy fields in Karawang Regency have a 
suitability class for soybean ranging from not 
suitable (N), comprising 5,566.7 ha, marginally 
suitable (S3), 89,575.00 ha, and suitable (S2), 
579.41 ha. From the analysis, the identified 
limiting factors were temperature, fertility, nutrients 
retention, slope, erosion, rooting media, and 
toxicity. Agricultural management improvements 
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will improve land suitability level to become land 
suitability potential. Land suitability potential 
ranges from N (not suitable), which comprises 
4,445.40 ha, S3 (marginally suitable) 84,410.44 
ha, and S2 (suitable), 6,865.28 ha. From this 
available land, so far only 872 ha of arable land 
was used for soybeans plantations. Low returns 
has caused farmers to be reluctant to plant 
soybeans. The outcome of the interviews 
showed that most of the farmers are willing to 
plant soybeans, if the subsidy given is about 5-
10% of the sale price of soybean. 

There will certainly be a deficit of soybean 
in 2030 if the government policy in soybean 
planting continues as it is currently. The model 
predicts a deficit of 168,801.63 tons. If the 
government is willing to increase their budget 
support to Rp 1,589,014,293.76, there will be a 
reduction of the deficit to become 164,763.04 
tons instead; through soybean planting in an 
area with S2 level of land suitability. If the 
government can provide a budget of Rp. 
23,075,091,185.04, then the soybean supply 
deficit will be reduced to become 116,935.26 
tons. The options for the government is highly 
dependent on the willingness and budget 
availability. 

It is suggested to plant soybeans in 
biophysically suitable area. The prioritization can 
be done spatially and was presented in this 
study. This analysis shows that planning is 
essential and must start now so the situation 
does not worsen in the future. 
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