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Abstract

One of the common problems with peatlands is the infertile nature of the soil, therefore, farmers

need to possess adequate knowledge on land evaluation techniques within a limited period to grow

crops in this region optimally. Therefore, this research aims to design and build a computerized system

to evaluate the suitability of land for rice cultivation by using the matching method based on FAO

guidelines. This study develops a web application that enables users to store the various characteristics

of the land and easily output suitable information with limiting factors. A total of 14 data inputs with

22 land characteristics parameters were used in the system trial phase. The result showed that the system

testing results when compared with the manual calculations, obtained a 92.86% level of accuracy.

Therefore, further research is needed on the use of the application on land suitability evaluation for

growing other types of crops apart from lowland rice. In addition, the input parameters can be adjusted

based on future land suitability evaluations, with the system developed to evaluate the criteria and pave

the way for future research development in the field.
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Introduction

Along with the surging world population, there
comes a continuous increase in demand for new
technologies with shortages of land or waterlogged and
facing specific soil and climate challenges [1]. In
Indonesia, agricultural demand for arable land,
specifically for rice cultivation has led to the search for
suitable soils, which can be obtained through efficient
measures, such as the use of technology in evaluating
land suitability.
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Furthermore, the limited amount and lack of suitable
unutilized uplands, as well as the increasingly attractive
nature of available peatlands and their flat topography
[2], have led to the use of peat soils as alternative
areas for rice cultivation. Subsequently, in an effort
to establish appropriate and suitable peatlands for rice
cultivation in Indonesia, a matching method has been
developed as a guide.

Land evaluation for suitability is a prerequisite
due to the unique quality and functions of peatlands
[3]. According to studies, peatlands are a delicate
piece of land whose suitability is a requirement for
achieving optimum use [4]. Therefore, the advance use
of information system is needed to determine the right
method suitable for food production and cultivation on
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peatlands. Furthermore, proper handling of peatlands
is associated with the efficient management of natural
resources which is fundamental for ensuring food
security and sustainability of the environment in the
agricultural sector [5].

According to [6], the existing challenges and
limitations regarding the availability of arable soils
make the utilization of peatlands for food cultivation a
necessity. Therefore, reliable and affordable techniques
are needed to facilitate good agricultural practices,
using the already existing innovative methods and
technologies that can be applied in the identification of
suitable cropland [7].

The evaluation of peatland to determine its
suitability in rice cultivation is necessary for Indonesia
because the country has over 14.91 million ha of
peatlands spread across the archipelago. This comprises
of over 6.44 million ha (43%), 4.78 million ha (32%)
and 3.69 million ha (25%) of the total land cover in
Sumatra, Kalimantan and Papua islands, respectively
[8]. However, irrespective of the large landmass of
peatlands, its use of agricultural purposes, such as
rice cultivation, remains limited. In 1995, a Mega Rice
Project was launched in tropical peatland of Central
Kalimantan. However, this project failed due to the
limited knowledge regarding peatland hydrology, high
water levels, the subsidence of peats, poor drainage
systems, inadequate farming technology [8], etc.
Therefore, this study aims to design and build a
computerized system that can evaluate the suitability
of land for rice cultivation, using the matching method
based on FAO guidelines. According to [9] the fertility
of peatlands is mostly determined by three property
components, namely thickness, source of inundating
water, and type of mineral soil below the peat. These
three-property components are easily identified through
the use of modern technological systems. Furthermore,
the suitability of peatland for food -cultivation is
important due to its ability to increase peat depth, as
well as the distance from the main river. It also leads
to low fertility because water is a basic component in
many processes on earth and its permanent presence
in the landscape leads to the emergence of many
unique and valuable habitats such as peatlands [10] and
contributes to numerous soil nutrients.

The assessment of land suitability for agriculture
is a complex, multidisciplinary and multi-criteria
process, which considers the source of topography,
climate, availability of water resources for irrigation,
soil capability and current management practices
including land use and cover [11]. Furthermore,
adequate knowledge of the right strategies to improve
the deficiencies of land is also needed to prevent less
optimal productivity of crops. Subsequently, land
evaluation knowledge accessible by farmers and related
parties needs to be obtained and availed in a short
period [12]. Various criteria can be used to evaluate land
suitability for agricultural use such as by considering
several factors including agricultural methods, data

availability, evaluation accuracy, environmental
characteristics of the study area, and crop types [13].
Therefore, the use of a non-computerized process of
land evaluation is likely to take a long time assuming
a lot of data need to be processed. This research also
focuses on understanding environmental problems felt
by farmers and contributing their knowledge to relevant
authorities in the area for better planning and decision-
making towards the use and conservation of resources
[14].

Land suitability in this study is determined using
the matching method, which is based on the Food and
Agriculture Organization (FAO) guidelines being the
organization’s internationally mandated to handle issues
associated with food [15]. The matching method is often
used to evaluate land suitability due to its simple flow
and limiting factors. This technique can also be directly
programmed into a computer application that does not
require much training. Therefore, based on the above
insights, this study developed a web-based system
capable of handling the problem of determining land
suitability automatically. It is expected that with this
system, various parties related in the agriculture sector,
particularly in peatland rice cultivation can be quickly
facilitated and ecasily used to evaluate land suitability.

Conceptual Review

Several studies have been conducted on systemic
land suitability evaluation. For instance, the research
conducted by Habibullah and Winiarti [12] analyzed a
web-based decision support system using the similarity
method with 10 land characteristics. In addition, a
matching method that compares land characteristics as
parameters measured in the field and laboratory was
used to evaluate land suitability with classes compiled
based on plant growth requirements to determine
minimum limiting factors [16].

According to [17], the quality of land used in
agriculture affects the productivity of the crops
cultivated. Rice production in Indonesia has
continuously increased every year. For instance, from
2015 to 2016 there was a 5.25% increase from by
75 million tons to 79 million tons, with a decrease in
productive land from 53.41 hectares to 52.36 hectares
due to the unbalanced cultivation strategies utilized
[18]. Therefore, it is necessary to determine the potential
and obstacles in lands, to obtain an exponential increase
in rice productivity.

Peat is an organic-rich soil consisting of the
remnants of plant material that is inadequately
decomposed [19]. Therefore, in an attempt to determine
suitable arable land, farmers tend to spend a lot of
money, time, and labor clearing the inappropriate areas
and the environment [12]. The size of the agricultural
sector in many parts of the world shows that it is the
wheel of social and economic growth. However, the
sector is currently grappling with increased food
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demand and declining land resources [20]. Therefore,
for this reason, it is necessary to determine the potential
and inhibiting factors that exist in peatlands, in order to
properly utilize it for agricultural purposes, especially
for rice cultivation, while avoiding losses.

Taechatanasat and Armstrong [21] proposed an
agricultural decision-making framework that focuses
on information flow processes. The flow process is
designed to help farmers make decisions through
information dissemination. Therefore, a system capable
of evaluating land suitability is needed to make it
ecasier for those in need of crucial information on land
productivity, such as farmers, to determine the right
suitable crops to be grown in peatlands [22]. This is
because the process of assessing and processing large
amounts of data is always carried out quickly using a
computerized process [17].

The land is a basic factor for growing crops,
therefore, the term land suitability is defined as the
ability of certain types of land to support certain uses,
which involves evaluating and grouping certain land
areas [23]. Furthermore, the potential of land for crop
cultivation is referred to as land suitability evaluation
for agriculture, which analyzes data relating to soil,
topography, vegetation, climate, water conditions and
population [24].

Table 1. Land characteristics.

Methodology

This study was carried out using land geology
variables and its characteristics as the basis for data
collection and analysis. The tools applied in data
collection comprised a computer PC running on
Windows 7 operating system. The software used to
design and develop the website was framework Laravel,
while XAMPP, MySQL and Google Chrome were used
as web servers, database application management, and
a web browser to run the applications, respectively.
Furthermore, this approach involved the use of a PC for
proper analysis of data due.

The approach aimed to ease the analysis based on
geology variables and the land cover features [25].
Data analysis was conducted using the PC to obtain the
refined components of the final analysis. In addition, the
study used secondary data acquired from the different
documents on land suitability evaluation. Table 1 shows
the analysis used to identify land characteristics, which
is an illustration of the data used in the identification
stage.

Farmers and other land users need to understand the
characteristics of developing land suitability evaluation
and identification for the appropriate use of the land.
This is because the land is neither graded as good or

Land Characteristics 1 2 3 4 5 6
Average Temperature 32,8 32,8 33 31,6 31 34,1
Rainfall 1200-1500 1200-1500 1200-1500 1200-1500 1200-1500 1200-1500
Humidity 55,7 56,5 55,5 55,7 57,8 53,5
Drainage hinderances | hinderances | hinderances | hinderances | hinderances | hinderances
SCL, SiL,
Texture CL SiL, CL SiL, CL SiL, CL SiL, CL SiL, CL
Depth effectiveness >40 >40 >40 >40 >40 >40
Peat-soil readiness sapric sapric sapric sapric sapric sapric
Ketebalan gambut <100 <100 <100 <100 <100 <100
Land formation 8,62 6,55 8,31 22,43 20,26 9,21
Saturation 0,47 0,43 2,13 0,65 0,65 0,61
Soil pH 7 6 5 5 6 6
C-organic 7,07 7,88 4,35 3,54 6,5 5,59
Salinity 0,6 0,8 0,8 0,7 0,6 0,4
Sulfidic depth >75 >75 >75 >75 >75 >75
Total N low average lo average average low
Surface rocks <3 <3 <3 <3 <3 <3
Outcrop rocks <2 <2 <2 <2 <2 <2
Erosion dangers SR SR SR SR SR SR
Slope 0-3% 0-3% 0-3% 0-3% 0-3% 0-3%
Dangers of floods FO-F1 FO-F1 FO-F1 FO-F1 FO-F1 FO-F1
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bad, best or worst, however there are different uses
for each kind or form. According to [26] management
practices are also used to determine high water levels
needed for rice cultivation. In addition, it is used to
determine the efficient transportation needed for tea,
sugar cane and palm oil, while stones and rock outcrops
are limited to conventional tools for cultivation.
Therefore, due to these various requirements, the
development of land suitability evaluation databases for
agricultural suitability identification is highly needed
in modern farming. Table 1 shows the various land
characteristics.

Table 1 describes some of the varying characteristics
considered during the land suitability evaluation
process regarding rice cultivation. Data were collected
from available theories, literature, and material on rice
cultivation in peatlands.

The data was analyzed using a suitable computer
application and processed using the matching method.
Furthermore, the analyzed data was implemented using
the trial method to test the system’s results.

Laravel

Laravel is a free, open-source PHP web framework,
created by Taylor Otwell and intended for web
application development following a model-view-
controller (MVC) architecture pattern [27]. It enhances
a user’s experience in building the web with clear
syntax and functions that saves time [28].

Laravel is one of the new PHP frameworks, with a
popular 3 version with numerous users within a short
time. The Laravel repository on GitHub has many
high ratings compared to previous frameworks such as
Symfony, CakePHP, Codelgniter and Yii [29].

Matching

The Profile Matching Method is a technique used as
a mechanism in decision making by assuming that there
is an ideal level of predictor variables that need to be
met by the subjects studied, rather than the minimum
level [30].

In the matching process, several aspects need to be
considered [31] as follows:
— Land quality in each land mapping.
— Land quality for each land use.
— Land quality rating.

The following equation is used to determine the
matching method for land suitability [32]:

Slana = min (Spar—l' ---:Spar—n)

Explanation:
S,...- Land suitability

S i Conformance value in parameter 1

S : Conformance value on parameter n

par—n

From this equation, it can be explained that the
results of land suitability are obtained from the

Classification of the suitability of the parameter class

Land suitability equation

|

Determining limiting factors

Results of the land suitability
assessment with limiting factors

v
( Done ’

Fig. 1. Data Processing Flow Chart.

minimum value on all parameters. For instance, at the
suitability value of S1, S1I, S2, S3, N, the land is not
suitable for rice cultivation.

Results and Discussion
The Flow of Data Processing in the System

Input data on the web application is processed with
the PHP programming language using the matching
method. The data processing in Fig. 1 starts when the
land characteristics are entered into the application,
followed by data classification according to the
suitability parameter class. Furthermore, the data is
entered into the minimum equation to obtain the land
suitability class, and finally, it is used to determine
the limiting factor. Input data processing in a web
application is shown in Fig. 1.

System Implementation

Fig. 2 shows the user interface display of the
application input form.

Fig. 2, shows that there are 22 input fields for land
characteristics. After filling all the required fields, the
user presses the “Process” button to determine the
suitability results of the processed land on the results

page.
System Testing Results
In testing the results of the system comparisons were

made from the results of the land suitability evaluation
report processed by the system using data from other
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Average Temperature Rainfall (mm) Humidity Drainage
Texture Soil Depth (cm) Peat thickness Peat Maturity
Soil CEC (cmol/kg) Base saturation (%) pH H20 C-organic (%)
N total P205 (mg/100g) K20 (mg/100g) Salinity (dS/m)
Sulfidic Depth (cm) Slope (%) Erosion danger Flood Danger
Surface Rock (%) Rock outcrop (%)
Fig. 2. Application Input Form Interface.
Table 2. Manually calculated system results.
Land Data System Results Manual Results
1 S3 (Temperature, Base Saturation) S3 (Temperature, Base Saturation)
2 S3 (Base Saturation, P205) S3 (Temperature, Base Saturation)
3 S3 (Temperature, Base Saturation, P205) |S3 (Temperature, Base Saturation)
4 S3 (Base Saturation, P205) S3 (Base Saturation, P205)
5 S3 (Base Saturation) S3 (Base Saturation)
6 S3 (Temperature, Base Saturation) S3 (Temperature, Base Saturation)
7 S3 (Temperature, Base Saturation) S3 (Temperature, Base Saturation)
8 S3 (Base Saturation) S3 (Base Saturation)
9 S3 (Temperature, Base Saturation) S3 (Temperature, Base Saturation)
10 S3 (Base Saturation) S3 (Base Saturation)
11 S3 (Temperature, Base Saturation) S3 (Temperature, Base Saturation)
12 S3 (Base Saturation, P205) S3 (Base Saturation)
13 S3 (Base Saturation) S3 (Base Saturation)
14 S3 (Base Saturation) S3 (Base Saturation)

studies conducted manually. The results of the manual
calculation are shown in Table 2.

Table 2 provides data regarding the computerized
and manual results, which are compared to determine
land suitability. The result showed that the only
difference is in the limiting factors, in both methods,
therefore, the level of accuracy of the system can be
calculated as follows:

data amount

—— x 1009
data tested %

13 X 100% = 92.86%
14 0 — . 0

From the above calculation, the accuracy of the
system results is 92.86%.

Conclusion

In conclusion, we have reported the results of the
development of peatland suitability evaluation systems
for web-based rice plants using the matching method
provided high accuracy results in determining the
suitability of peatlands for rice plants. From our data
testing, the accuracy of the system results is more than
ninety percent. In addition, this system provides easy
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solutions for farmers to determine the suitability of land
before growing crops.
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