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Agricultural problems that often arise are due to a lack of suitable and strategic
agricultural land for its use, which results in poor agricultural production in the area. A
land potential index that classifies existing land potentials from high to low class can be
used to overcome this. This study aims to build an agricultural land potential index using
a geographic information system in the Regency of Aceh Tengah, Indonesia, using a
geographic information system. The method used in this research is a survey approach to
collect information in the form of rainfall data, slope, lithology, soil type, land use and
administrative maps of the Aceh Tengah Regency. The land potential index is obtained
by overlaying the slope parameters, lithology, soil type, hydrology, and susceptibility to
erosion into a land map unit that can classify it into five classes of a land potential index.
The results of this study indicate that the Regency of Aceh Tengah is included in the very
wet climate type. Maximum erosion was 1,213.6 tons per ha per year. The land potential
index with very low criteria was 23.38% (102,002.42 ha) with a slope greater than 40%.
The land potential index with very high criteria has an area of 3,807.80 ha (0.87%) with
a maximum slope of 15%. A land potential index with very high criteria was found in the
Linge, Atu Lintang, Lut Tawar, Pegasing, Bintang, Jagong Jeget, Kebayakan, Ketol, and
Celala districts with an area of 2,014.26 ha, 1,266.33 ha, 174.81 ha, 148.07 ha, 77.86 ha,
73.63 ha, 46.77 ha, 4.14 ha and 1.94 ha, respectively. Meanwhile, the land potential index

with very low criteria is found in all districts except Kute Panang and Atu Lintang.

1. INTRODUCTION

The province of Aceh, Indonesia, has great potential in the
agricultural sector. The agricultural sector in Aceh province
has great potential for rapid growth. Based on the general
description, the province of Aceh has an area of 397,512 ha of
productive rice fields, 139,049 ha of dry land agriculture,
1,001 ha of plantations, 36,597 ha of ponds, 2,270 ha of forest,
and 232 ha of grassland [1]. Agricultural resources in Aceh
province are scattered in the Regency of Subulussalam,
Singkil, Lokop City, and Pulau Banyak. Potential plantation
and forest products are spread over several areas, including
Krueng Jreu, Krueng Baro, Seulimum and Takengon.

The decrease in agricultural land from time to time and the
suitability of land use that is less attention to result in
agricultural production that is not good and not optimal. The
land potential index can be one solution to these agricultural
problems [2-4]. The land potential index has land
characteristics in the form of topography, such as various
slopes, soil types, rock types, and rainfall, which are used to
obtain land that has potential for agricultural land. Land with
potential for agricultural cultivation has criteria such as having
a flat topography with a slope of less than 3%, very low to low
erosion sensitivity, deep effective depth, good water retention
capacity, responsive to fertilization, and suitable for climate.

A land potential index is an activity that classifies existing
land potentials into specific classes, from high to low class.
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From this, information will be generated on the best potential
that can be optimally used in the land and provide the
appropriate information on the supporting technology [5-7].
The land potential index can be determined through several
parameters such as slope maps, hydrological maps, soil maps,
lithological maps, disaster risk maps, and agricultural land use
maps. Determining the land potential index will be more
efficient if presented in spatial data. The boundaries of each
potential land can be known with certainty in its spatial pattern
and, most importantly, in its absolute position. Therefore, an
efficient method is needed to process and analyze spatial and
attribute data to create a land potential index map.

A geographic information system is a device that helps in
data storage, processing data, analyzing data, managing data,
and presenting the information. Geographic information
systems can be used to create a map of the land potential index
of an area and can then be managed according to its long-term
function. Geographic information systems have been widely
used in agriculture [4, 8-10]. To date, there have been no
research results reporting the use of this geographic
information system in providing spatial data on land use
indexes in the regency of Aceh Tengah. This is very much
needed because the area has complex land characteristics
ranging from very steep slopes to sloping land topography.
Therefore, this study aims to build an agricultural land
potential index using a geographic information system in the
regency of Aceh Tengah, Indonesia. The results of this study
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are expected to help related parties and stakeholders in the
Aceh Tengah regency manage their land use, primarily
agricultural land, to maximize land use in their area.

2. MATERIAL AND METHOD
2.1 Experimental site and data collection

Research was carried out on an agricultural land potential
index using a geographic information system in the Aceh
Tengah regency, Aceh Province, Indonesia. The climate in this
province is tropical with a characteristic location far from the
seaside and tends to be in a hilly topography. This research
was carried out from July 2018 to January 2019. The research
location is presented in Figure 1. The method used in this
research is a survey conducted through secondary data
collection in relevant agencies. The data collected includes
rainfall, administrative, slope, soil type, lithological, and land
use maps. Raw data is then transformed into numerical data to
be further converted into map data using GIS.
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Figure 1. The location of Aceh Tengah regency as the object
of the research area

2.2 Determination of land potential index

The hydrological map is generated by classifying climate
types using the Schmidt-Ferguson method [11-13]. This
method compares the average percentage of dry months with
the average of wet months. The dry month is if in one month
the amount of rainfall is less than 60 mm, while the wet month
is if in one month the amount of rainfall is greater than 100
mm.

Erosion susceptibility maps are generated by combining soil
type maps, slope maps, land use maps, and rain erosivity maps,
which overlay according to their weighting using a GIS

application. Calculating the level of erosion risk in the study
area uses the Universal Soil Loss Equation (USLE) approach
using Eq. (1) [14-16].

A=RXKXLxSxCxP (1)

where, A-annual soil loss per acre, R-rainfall erosion, K-soil
erodibility, L-slope length, S-slope steepness, C-vegetation
cover, P-erosion control practices.

The potential land index is determined by assigning a score
to each secondary data parameter of the relevant agencies.
Each parameter is scored according to its effect on the land
potential of the study area [17-19]. Then all parameter scores
are added and erosion parameters are excluded. The results of
the scoring calculation are then classified as potential land
using Table 1. This study's land potential index class will at
least represent the parameters of a land slope, soil type,
lithology, land use, hydrology, erosion for protected forests,
production forests, limited production forests, mixed gardens,
plantations, settlements, wetland agriculture, dry land,
agriculture, livestock, shrubs, and national parks.

Table 1. Land potential index class [20]

Land potential class Value
Very high >22.8
High 18.5-22.7
Middle 142-184
Low 9.9-14.1
Very low <9.8
3. RESULT AND DISCUSSION

3.1 Parameter of sloping land
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Figure 2. Characteristics of the land slope map in the
regency of Aceh Tengah



The slope map of the regency of Aceh Tengah is presented
in Figure 2. The total area of the slopes with flat conditions is
3.08% of the total area of the regency of Aceh Tengah. With
moderate, relatively moderate, and moderate steep terrain,
they are 1.18%, 1.91%, and 3.81% of the total area of the
Regency of Aceh Tengah, respectively. The widest area is on
very steep land slopes, with a total of 90.03% of the total area
of the regency of Aceh Tengah.

Furthermore, the percentage of slope on the land based on
its use consists of a cultivated area of 95,844.19 ha (21.56%)
and a protected forest area of 348,688.44 ha (78.44%) of the
total area of the Aceh Tengah regency. The land use according
to the slope level refers to and follows the recommendations
of the research results of Deshmukh et al. [21]. The cultivated
area that does not require conservation measures is 6,086.55
ha (6.35%) of the total cultivated area with a slope of less than
8%. The cultivation areas that require conservation measures
for the mound terraces are 3,590.54 ha (3.75%) of the total
cultivable area with a slope range of 8% to 15%. The cultivar
area that requires conservation measures for the soil of the
bench terrace is 7,291.76 ha (7.61%) of the total cultivar area
with a slope of 16% to 25%. The cultivation area requiring
individual terrace soil conservation measures is 55,744.28 ha
(58.16%) of the total cultivated area with a slope of 26% to
60%. The -cultivated area that cannot be given soil
conservation measures is 14,951.15 ha (15.60%) of the total
cultivated area because it is located on a slope greater than
60%. According to the results of research by Liu et al. [22],
the slope condition is difficult to cultivate as agricultural land.
The rest are settlements and livestock, which have an area of
5,022.33 ha (5.24%) and 3,157.58 ha (3.29) of the total
cultivated area.
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Figure 3. Characteristics of the soil type map in the regency
of Aceh Tengah
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3.2 Parameter of soil type

The soil types found at the research site are classified as
brown forest soil, latosol, alluvial, regosol, andosol and
mediterranean soil according to the 1974 UENESCO
classification [23]. The map of soil types in the Aceh Tengah
regency is presented in Figure 3. The latosol soil is the widest
type of soil found in the Aceh Tengah regency, which is
230,166.76 ha (51.74%) of the total area. The types of
andosols, regosol, and alluvial soil have 9.97%, 5.74%, and
2.56% of the total area, respectively. According to some
literature [24-26] this type of soil is very suitable for
agricultural cultivation, especially for horticultural crops and
plantations. Mediterranean soil is the type of soil that has the
smallest area of 3,052.58 ha (0.69%) of the total area.

3.3 Parameters of lithology

The rock types found in Aceh Tengah regency include
alluvium rock, limestone rock, sedimentary rock, volcanic
rock, igneous rock, metamorphic rock, and ultramafic rock.
This type of rock is a classification commonly used as in
previous studies [27-29]. The lithological distribution map in
the Aceh Tengah regency is presented in Figure 4. The
sedimentary rock types have the largest area of 211,242.53 ha
(48.65%) of the total areca. The types of limestone,
metamorphic, volcanic, alluvium and igneous rock are 17.0%,
15.28%, 15.04%, 2.42% and 1.34%, respectively. Ultramafic
rock types are rock types that have the smallest area with a
wide difference between the two, which is 48.38%.

95°2230°E 96°390°E 95'5530°E 97" 120°E

523N
X
573N

$ICTCN
1

436N

£19300N
L
41T30N

T T T T
%' 230°E 9%5'W0E 96°5530°E 97'120°E

C"..e%eggﬁ < boundary Inset District of Aceh Tengah SCALE 1::750000

.o 0 10 20 40
AAAAA = e 0

— Big river i

o S mall river 2T 1

— Stre et
Rock type
B Avwvium il

L | igneous b

Limestone
|| Metamorphic Ed
Sedimentary &

Ultramafic
| Volcanic

Figure 4. Characteristics of the lithology map in the regency
of Aceh Tengah



3.4 Parameter of land use

The land use of the Aceh Tengah regency is divided into 12
areas, including protected forests, production forests, limited
production forests, mixed gardens, plantations, settlements,
wetland agriculture, dry land agriculture, livestock, shrubs and
national parks. The land use map in the Aceh Tengah regency
is presented in Figure 5. According to Sartika et al. [30], this
map must consider the needs of residential areas (75 m?/person)
with other needs proportionally. The largest land use is
protected forest, with 181,244.60 ha (40.67%) of the total area.
The land use with the smallest area is a mixed garden with an
area of 379.15 ha (0.09%).

3.5 Parameter of hydrology

The classification of climate types processed from rainfall
data for the research area of the Aceh Tengah regency was
carried out between 2009 and 2017 (Table 2). The average
annual rainfall for nine years is 3,378.33 mm per year. The
highest rainfall in 2017 was 4,129 mm and the smallest in 2016
was 2,790 mm. The regency of Aceh Tengah has 86 wet
months and ten dry months according to the Schmidt-Ferguson
classification [31-33]. The results of the analysis show that the
average dry month is 1.1 months while the average wet month
is 9.6. When comparing the average number of dry months and
the average wet month, the percentage index value of Q is 12%.
The Q-value index shows that Aceh Tengah regency is
included in type A climate with a Q value ranging from 0 to
14.3%.
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Figure 6. Characteristics of Hazard Erosion in the Regency
of Aceh Tengah

Table 2. Rainfall data in the Regency of Aceh Tengah

Months 2009 2010 2011 2012 2013 2014 2015 2016 2017

January 93 451 292 179 201 58 174 180 679
February 236 217 256 274 128 57 89 202 259
March 310 426 483 335 155 94 167 158 386
April 128 695 254 498 219 427 401 251 635
May 80 261 302 65 627 424 625 191 280
June 79 180 39 105 172 17 86 278 195
July 77 117 24 157 39 21 106 82 52
August 184 52 459 404 157 52 244 234 222
September 275 272 219 244 92 459 360 198 483
October 768 244 96 286 330 600 1002 170 82
November 651 366 294 849 275 296 372 486 433
December 624 341 249 320 536 445 169 360 423

3.6 Parameter of erosion

The erosion hazard in this study was obtained from
calculations using the USLE method [34-36]. The erosion
hazard distribution map in the Central Aceh Regency is
presented in Figure 6. The annual rainfall erosivity is obtained
from the average rainfall from January to December 2017,
271.80 cm per year. The risk of erosion in the use of protected
forest land is the largest, 180,047.15 ha (41.17%), in the
category of mild risk of erosion. Meanwhile, livestock is a land
that has the smallest erosion risk area, which is 0.17 ha, with a
moderate erosion risk category in conformity with the
expression listed by Chen et al. [37]. Land use in settlements
has a high erosion value of 155,947.22 tons per ha per year.
Meanwhile, land use in limited production forests has the
lowest erosion value of 92.51 tons per ha per year. The area
with the largest area experiencing erosion hazards is
268,621.27 ha, a very light category. In contrast, the area with
the smallest area is 3,300.76 ha in the medium category.



3.7 Land potential index

The results of the map of the land potential index of the
Aceh Tengah regency on a scale of 1: 750,000 are presented
in Figure 7. The land potential index map is developed by
overlaying intersections of five parameters, including slope
maps, lithology maps, soil type maps, hydrological maps and
erosion hazard maps. The development of the overlay of the
five parameters takes the form of a map unit that stores
information on the index value of the land potential of the
Aceh Tengah regency. The overlay results will provide a land
potential index value for each region in the Central Aceh
Regency area, which is then classified into land potential index
classes. The potential of the land can be classified from very
low to very high, with each value being less than 9.8 (very
low), 9.9 — 14.1 (low), 14.2 — 18.4 (moderate), 18.5 — 22.7
(high) and greater than 22.8 (very high).

The distribution of very high land potential index areas is
only found in a few districts in the regency of Aceh Tengah.
The highest level of land potential index is found in the Linge
district. Furthermore, they are in Atu Lintang District and so
on in Lut Tawar District, Pegasing District, Bintang District,
Jagong Jeget District, Kebayakan District, Ketol District and
Celala District. Districts that do not have a very high level of
land potential index include Kute Panang, Rusip Antara, Bies,
Silih Nara, and Bebesen. The study results found that the level
of land potential with the highest area was the medium land
potential index with an area of 164,788.56 ha (37.76%) and
the very low land potential index was 102,022.42 ha (23.38%).
Areas with a low land potential index have an area of
148,425.89 ha (34.01%). The high potential land index only
has 3.98% of the total land area. The remaining 0.87% of the
Aceh Tengah regency area is an area with a very high land
potential index.
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4. CONCLUSIONS

The Geographic Information System can identify and be
used to analyze the Land Potential Index in the Aceh Tengah
regency using an overlay of five parameters, namely slope,
lithology, soil type, hydrology, and erosion. There are five
classes of the land potential index in the regency of Aceh
Tengah, one of which is very low and very high. The very low
category has the largest area of 102.002.42 ha (23.38%) with
a slope greater than 40%, soil types and rock types latosol and
sedimentary and erosion susceptibility with very heavy and
moderate conditions. Although the very high category has the
smallest area of 3,807.80 ha (0.87%) with a slope of 0 — 15%,
the types of soil are brown forest soil, mediterranean soil, and
andosol, the types of rock are alluvium and volcanic, and the
susceptibility to erosion is included in the very light class. The
land potential index with very high criteria in the Aceh Tengah
regency is located in the Linge district, Atu Lintang district,
Lut Tawar district, Pegasing district, Bintang district, Jagong
Jeget district, Kebayakan district, Ketol district and Celala
district with an area of 2,014.26 ha, 1,266.33 ha, 174.81 ha,
148.07 ha, 77.86 ha, 73.63 ha, 46.77 ha, 4.14 ha and 1.94 ha,
respectively. Meanwhile, the land potential index with very
low criteria was found in all districts except the Kute Panang
and Atu Lintang districts.
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