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Abstract - Soil erosion should be considered as important areas of 1,080,500 hectares. Since 2014, the hedhave

factor in achieving sustainable agriculture systenbecause it
leads to land degradation and damage to natural
environment. In Gunung Mas regency, land use planng
integrated with land use policy need to be formulad
because of the availability of land resource thataver almost
1,007,165 hectares or 93,21% of total administrates area.
The lands is mostly dominated by upland typology wh
various slope classes. Thus, the highly precipitaim occur in
this tropical region lead to soil erosion if properland use and
conservation management are not implemented. Thesgties
about soil erosion in the tropics is very limitedm Indonesia,
especially in Gunung Mas regency. The objective athis
study was to to provide basic information about sbierosion
risk based on level of erosion risk including spadil land
classification as part of geographic information sgtem (GIS).
Erosion prediction model of USLE was used in thistady as
basic consideration for agricultural land use planing
development. The result of erosion risk predictionwas then
integrated into agricultural land use policy in order to
provide land use allocation and recommendation. Theesult
of evaluation using USLE’s soil erosion predictionshowed
that there are 5 classes (class | to V) of soil @ion risk in
Gunung Mas regency. More than a half of this regionis
classified into class V. It implies that these areahave highest
potential to soil erosion risk with assumed soil ks > 480
ton/hectares/year. Spatially, distribution patternof this class
is broad areas occur at middle part spreading to tb northen
part with total areas 566,837 hectares (52.46%). Ehcritical
factors that can generate soil erosion include slomy lands
and highly rainfall. The dominant landform in these areas is
steep slopes to very steep with slope classes 284énd 41-
60%. Considering soil risk level and classificationthe areas
with slopes classes <2%; 2-8%; and 9-15% can thebe
allocated for agriculture purposes. Agricultural land region
that suitable for cultivation comprise 33.16% (35827
hectares) of total areas.

been utilized for agriculture including etstate asly
73,335 hectares or 6,79% of total areas of adirdrige
region [8]. Land use planning integrated with lanse
policy can then be formulated for the remainingaarthan
cover almost 1,007,165 hectares (93,21%).

Increasing competition on land in the future shadotd
taken into account in landuse planning and poligy.
regional level of province in Central Kalimantamnd

become a scarce resource increasingly because it is

directly affected by human intervension especidtly
agriculture and estate. One of several impacts tdue
opening land for agricultural purposes include sodsion
because it leads to land degradation and damaugtucal
environment. In addition to land use changes,|éeldinds
become scarcer due to erosion [39]. Land use pabcy
then be formulated to allocate agricultural langioe
including conservation areas and preservation ateas
keep them in theirs natural condition.

Soil erosion should be considered as importanbfant
achieving sustainable agriculture system. The adpad
erosion should be integrated into land management i
order to protect agricultural land productivity abdng
the soil erosion which affects the structure oflssoi
adversely under control, as well. In the most greexe
the lands are cleared and opened for agricultural
expantion, erosion will occur while at the samel soi
fertility will decrease [32]. Further excessive som
therefore results in significant topsoil lossesadiag to
declines in agricultural productivity [17], [25].

In Gunung Mas regency, the lands is mostly domihate
by upland typology with various slope classes. Thhs
highly precipitation occur in this tropical regidead to

soil erosion if proper land use and conservation
management are not implemented. Soil conservation a
integral part of land use planning is technological
innovation to support sustainable land use by avipg
land quality and reducing land degradation [28].

The need of landuse planning become apparent amce Data and information about soil erosion risk isnthe
area has opportunity to be developed because of tHggently required in land use planning especially t
availability of land resources. Opening the lands f Prevent environmental damaging that can affectasuet
agriculture, therefore, requires specific programish land use and productivity. The stut_jles about srod;_len in
appropriate policy in order to achieve sustainabi® tropics have been conducted in the Southeastbs
agricultrure system. Gunung Mas regency located HtiS Very limited in Indonesia, especially in GurguMas
tropical region below equator line has potency ® b'égency, Central Kalimantan [34]. One of the most
further developed because of its land resource wital IMpPortant data related to erosion that is requinedand

use planning include land classification based oit s
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erosion risk. It can provide basic information abeail Where:
erosion risk classification according to its leg€kerosion. * E is mean annual soil loss
Farming system based on conservation recognised as * R is the rainfall erosivity index
‘good agricultural practice’ practices might have « K is the soil erodibility index
beendemonstrated to considerably reduce soil loghea * LS are the factors of slope length (L) and slope
other part but it is usually only adopted afterl soosion steepness (S) and are combined in a singleindex
has been identified as a significant problem [16]the * C is the crop factor/nature of plant cover
case of Gunung Mas regency, the existency of nlatura * P is the conservation practice factor used
land resource should be protected through apptepria to manipulate the LS factor

agricultural land use planning. Moreover, data and The application of remote sensing (RS) technol®y i
information on conservation practices are rareected used to obtain land satelit imageryand interpratatata
systematically and stored centrally. especially for current land use land cover data.
This study was then conducted in order to providgido Furthermore, geographic information sistem (GIS)
information about soil erosion risk based on leeél technology is used to integrate the resulting data
erosion risk including spatial land classificatias part of spatial format for further analysis. GIS is alsedigo
geographic information system (GIS). Erosion prieolic generate digital elevation model (DEM) for terrand
model of USLE was used in this study as basi@andform analysis purpose. Based on deskwork sty
consideration for agricultural land use plannindield verification, both qualitative and quantitagi

development. descriptive analysis is then used to decide sppléaining
systematically.
II. M ETHODOLOGY The data sets required in this study involving |zamnd

climatic data. Basically, they are required to deiae

The sudy area was focussed in Gunung Mas regenégftors within USLE model. The RS procedure use
Central Kalimantan province, Indonesia (Figure The IMmagery data obtained from Landsat 8 with acqusiti
study area was selected mainly in the view of sgacé  time November to December 2015. While for DEM
erosion risk data and potential widely land avaligb analysis, it use SRTM 30 meters data. Other retevan
Basic theory used in this study is the use of emision SPatial data for GIS procedure include soil mapsfal
risk prediction model of Universal Soil Loss Eqoati disribution ~ map, agroclimatic ~zone map, and
(USLE). The USLE formula as proposed by Wischmeigidministrative maps. Overlay technique and on-scree
and Smith [40] is then implemented to determiné Issi digitation were used within GIS environment. Each

prediction that represent soil erosion risk level. specific data represents factors required to impfegm
USLE matematical mode Table 1). Schematically, an
The equation of USLE is given by the expression: overvi_ew of general procedure in this metodology is
E=RKLS.CP., described at Figure 2.
Table 1: Data requirement for USLE matematical ehod
No Factor within USLE mod Specific data sour:
1 Erosivity Rainfall distribution map; agroclimatic zone r
2 Soil erodibility Soil map:
3 Slope and length gradie DEM,; slope mag
4 Crop and vegetatic Land cover ma
5 Conservation practi Land cover and present land use
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analysis calculate that sloping land with slopesla25%

is 407.400 Ha or 37,70% of total area of Gunungs Ma
regency. This area should then be taken into atcoun
landuse planning because the areas are particalarlgk

. of erosion.
The dominant soil found in Gunung Mas consist of 3
5 soil orders involving Ultisols, Inceptisols and Bots

with following great groups: Tropudults, Dystropgpt
Tropaquepts, Tropopsamments and Ustipsamments [37].
In relation to erosion, soil type has contributitm the
value of soil erodibility that represents bothcagibility

of soil to erosion and the amount and rate of ruf8].
Based on spatial analysis, the major soil greatigrof
Gunung Mas regency is Tropudults covering 705,512
P romce hectares (65.29%). Most of the upland soils ofddls are
highly weathered, acidic, infertile and poorly targd [2].

In general, acid humid tropical soils found in thégency
dominated by low activity clays which compact esalbe
=) in the subsurface and are susceptible to erosipecesly

on sloping lands [21], [24]. The aspect of consgoma
should be then taken into account in agricultuzabl use

01" 39 45.84" S
01739 4664'S

14707 5998°E

Fig 1. The(rhl-ﬁ-r; of location of study

planning.
: The climate condition of Gunung Mas regency is
-L dsat 8 Soil . . . .

¢ e generally determined by its geographical positionttoe

RS proced . —— GISprocedure —— equator [23]. It is charaterized by a rather cansta
—48 data of land and cl H Cl . . .
st G cfendand clnete 'ma"‘cmaps ‘ temperature throughout the year, high humidity argh
l precipitation. Based on Oldeman climate classificat

SRTM 30 meters - Other relevant . . g .
USLE model implementation data this area is classified into zone A and B1 [26]n&@\ that

Qultatve and quentitve _ cover in the central to northern part has conseeutiet
descriptionanalysis T [ Spatalanalysis (GIS procedure) months >9 months. While in the southern parts,
/ consecutive wet months is 7-9 months. The number of
[ Aorcutral nd usepamnig | consecutive dry months for the whole areas is ©8ths
) in a year. Local climate station reported that nemb
Spatial land use recc fation; land management and conservation practice management annual rainfall varies between 2.864 and 3,577 mm.

Related rainfall to climate has closely relatiopsto soil
erosion. The stronger rain within an areas, theenzord
faster water erosion occurs [29], [30], [35].

Fig. 2. An overview of procedure

lll. R ESULTS AND DISCUSSIONS In general, based on land and climate data, the mos
_ _ important factors influencing soil erosion and land
A. Land and Climate Information degradation as well in Gunung Mas regency incluolees

Geographicaly, Gunung Mas regency located beloand higly rainfall. Since raindorps falling on titends
equator line with coordinate position 218’ 46.55” E to  break down soil surface structure and detach pestithe
114 01’ 59.98" E and 0017’ 7.51” S to 0139’ 46.64” S sloping lands also controll overland flow and evosj9].
(Figure 1). The major landform found in this regenc The evaluation of land and climate was conducteatder
consist of hilly to mountainous. They are founctemtral to provide factors required for USLE calculatiorclsias
to northern parts with various slope classes irimgh®- rainfall erosivity, soil erodibility, slope lengthand
15%; 16-25%; 26-40%; 41-60; and >60%. While in theteepness.
southern parts, flat to undulating plains are fowith B, Existing Landuse
dominant slope classes < 2 and 2-8%. Existing landuse represents land cover informatirt

Slope, as part of landform, in addition to deteriype can influence soil erosion risk. During the raires
of agriculture [3], it can also determine level bsion precipitation falls, the first defense that vegetat
risk withn an areas because slope, as morpholoigicalr, provides against erosion is raindrop interceptid].[
result in overland flow so it should be consideiredand Remote sensing technology integrated with GIS vezsiu
use especially in agriculture planning [12]. Sopbed to produce land cover data based on informationiged
Baird [31] reported that on slopes of 25 to 4Qcpet, itis by Landsat 7 ETM+. As a results, it is shown thie
not uncommon to have soils with only A and C hanio region of Gunung Mas regency is mainly covered by
This is because erosion is taking place at a asteshough forest. Both tertier tropical forests and shrubgec@lmost
to allow only a shallow Al horizon to form. Moreoyen 1 059,877 hectares or 98,09% of the region. Whike t
slopes and uplands, drainage is usually sufficint remaining areas have been used for agriculturaislan

produce well aerate, oxidized soils with brightereld B estate and settlement with total areas 20,623 fescta
horizons and low organic matter contents. The GIS
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(1.91%). Both agricultural lands and estate aratet C. TheLeva of Soil Erosion Risk
surrounding the settlement areas which is scatteredThe predominant aspects of environmental biophysic
spatially. Shifting cultivation as traditional faing is still  that predispose soil erosion in Gunung Mas regency
applied by mostly local community. include sloping lands and highly rainfall conditiofihe
In this study, the evaluation of existing land dsat lands are mainly covered by forest so that cukigtdands
reflect vegetation’s cover percentage with spetifiever may be neglected. It can then be assumed thatetisn
and management is then associated with supp@st still in safe condition naturally. However, the
conservation pratice [15], [33]. Land cover mag éield information of soil erosion prediction for land use
verification is then used basic information. Theule of planning should be provided in order to develops thi
evaluation contribute the factor of cover managemen region while at the same time preserve its natural
conservation practice within USLE calculation. Hoe®e  condition.
based on field observation, assuming no supportThe result of evaluation using USLE’s soil erosion
conservation practice in the study area, it was thet prediction show that there are 5 classes of so#ien risk
used in calculations. in Gunung Mas regency. Classification of soil evosiisk
including criteria and coverage areas spatiallypat of
GIS is shown at Table 2 and Figure 3.

Table 2:Land classification of soil erosion risk in Gunuwgs regency

Soil erosion risk clas Criteria of soil losd? Areas
(ton/hectares/year) (hectares (percentagt

| <1t 155.29¢ 14,37

I 15-6C 69.57: 6,44

1 60-18C 31.99: 2,9¢

v 18C-48C 256.80: 23,71

\Y >48( 566.83 52,4¢
1,080,501 100,0(

®'Source: Komaruddin [20], Departemen Kehutanan [DBEktorat Jenderal Reboisasi dan
Rehabilitasi Lahan [14].

At natural condition, based on prediction value of
USLE, more than a half of this region is classifiatb f/
class V. It implies that these areas have highasingpial to /
soil erosion risk with assumed soil loss > 480 : =7
ton/hectares/year. Spatially, distribution patterh this [ g /g
class is broad areas occur at middle part spreddirige o
northen part with total areas 566,837 hectaresA@a). 4 D 3
The critical factors that can generate soil erosimude ( i 2
sloping lands and highly rainfall. The dominat leomch in £ e N
theses areas are steep slope to very steep wige slo : h >
classes 26-40% and 41-60%. : : %
On the other side, the lowest percentage of sosien ‘, ' / ol
is fall into class Ill. It ocuppies only 31,992 Iees
(2.96%) with assumed soil loss 60-180 ton/hectpeas/
Spatially, this areas are located along the maiersi at

oot a0 00

Q.

\
=

GRS

010000 S

01* 3000 s

slope class < 2% where human settlement and agniall - S e 2 :
practice exist. Although the lands have been opdoed . L B

agriculture without conservation practice, they are =~ ™*%F s

cultivated using minimum tillage with traditionadriing Fig. 3. The map of soil risk erosion in Gunung Mas
system called sifthing cultivation.In this region, regency

agricultural activities is practiced for subsistearposes ) )
only. Because human population density is only aieu D- Agricultural Land Use Planning
people/knd, this traditional farming is an ideal solution Appropriate land use planning is required since the
for agriculture in the humid tropics [10]. Normalfallow region has opportunity to be developed. Becauseit
periods after opening the lands are long enougksiwre destroy or conserve ecosystem services, proper land
both soil fertility and vegetation so that naturapllocation should be determined based on potential
environment can still be preserved. ecosystem service to balance of their protecti@i. [B
this study, using GIS technology, agricultural land
allocation was determined through overlaying thep rofa
soil erosion prediction to the map of slope classifon
that have been dveloped.
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Regarding level of soil erosion risk in Gunung Magslrainage network can also be developed to overcome

regency, the main factor that influence agriculturarunoff during prolounge

practice and soil erosion prevention is slopehtud be
considered when drawing up plans for any agricaltur
practices. Futhermore, slope should be consideced
minimize risk from soil erosion including its impgacsuch
as decreasing soil fertility.

rainfall season. On the
floodplains mostly located surrounding river streamwith
slope class <2%, food crop of wet paddy rice can be
dultivated during wet season and harvested in elgan.

On steeper slopes, perennial tree crops with otnegrs

beneath have the potential to reduce erosion [BBg

The suitable slope classes for farming activitiss iestate crops can then be planted together withahronop

respectively <2%; 2-8%; 9-15%; and 16-30% [22],]]18
[5]. In the case of Gunung Mas regency, the sldpssc
16-30% is categorized into class V in soil erosisk
level which is highest degree of soil erosion rigk.
addition, steeper slope is also not suitable fograjing
machinery during agricultural practice and consionaas
well.

Considering widely enough land availability in Gagu
regency, the areas with slopes classes <2%; 2-8869a

through alley cropping system, the planting ofatest
crops in two or more sets of single or multiple sowith
food crops cultivated in the alleys between thesraf
estate crops [38]. Several crops specific to locaand
prime commodities that can be introduced involveber,
oil palm, and coffee (perennial/estate crops) wtide
annual crops, mostly they include wet paddy riqggamd
rice, maize, soybean, and cassava. In the futenesral
soil erosion management programs that may be in¢exst

15% can then be allocated for agriculture purposesiclude contouring, terracing, strip cultivation,nda
Agricultural land region that suitable for cultii@t subsurface drainage [16].
comprise 33.16% (358,327 hectares) of total areas.
Geographically, these lands are mainly locatediurthgern
part with spatial distribution pattern in the foofa region
(Figure 4). The lands with slope classes <2% ai®862
are located at river stream areas both main rieers
branch rivers. While for slope class 9-15%, thegupy
highlands areas with gently topography (Figure %l an
Figure 6).

Specific land use policies therefore can, be foatad
in order to utlize these lands. Basic extensifarat
programs can be priority for land use planningeathan
intensification program because of the availabildf
lands. However, because there are 3 groups of slope
classess i.e. <2%; 2-8%; and 9-15% further
recommendation is then required in order to achive
sustainable agriculture system. The land with stdasses
<2% and 2-8% can be considered suitable for agui@ll
land use because of very slight to negligible ktidn.
Flooding is sometimes a problem on this land bexitus
often adjacent to major rivers and streams [1%eDland
management that is required include improving soil
fertility; improving soil structure especially fotand
developed from sandy soil and other inputs dependin
each crop growth requirements. At regional leveflening
to agroecological zone system and land use
recommendation in Central Kalimantan the lands with
their slope classes can be allocated for annuap cro
including food crops. While for slope class 9-158te
lands are suitable for perrenial crop and estabp ¢8],
[7], [4].

The aspects of erosion control, however, should be
taken into account during agricultural practice.e@pg
the lands allow erosion occur since the absence of
protective surface residue cover, especially duttiregstart
of the rainy season, before canopy development [1].
Erosion become more intensive on sloping land anenw
the runoff occur, the risk of erosion become pao&dif2 7],
[11]. Appropriate land management and erosion obntr
should be then determined specific to location. 3éiting
of planting periods can refer to season in order to
anticipate splash erosion during heavy rainfalladidition,

Symool

1080500 10000

Fig. 4. Th'eur“nap of agric'L‘JIt[JraI land aIIdcétiorGunung
Mas regency
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Fig. 5. Spatial distribution of slope class
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V. CONCLUSIONS 1ol
Gunung Mas regency consist primarily of 5 (fiveggsd 19
of soil erosion risk. based on prediction value o%

USLE, more than a half of this region is classifieth
class V with assumption soil loss > 480[12]
ton/hectares/year. Spatially, distribution pattefrihis
class is broad areas occur at middle part spreading
the northen part with total areas 566,837 hectares
(52.46%). While the lowest percentage of soil enosi [13]
is fall into class lll. It ocuppies only 31,992 tees
(2.96%) mostly located along the main rivers apslo
class < 2% with assumed soil loss 60-18014]
ton/hectares/year.

Regarding level of soil erosion risk in Gunung Mas
regency, the main factor that influence agriculturgis)
practice and soil erosion prevention is slopehtusd

be thebn considered when drawing up plans for any
agricultural practices. 16]
The land with slope classes <2% and 2-8% can be
considered suitable for agricultural land use asfigc
for food crops While for slope class 9-15%, thedimn
are suitable for perrenial crop and estate crop

On steeper slopes, perennial tree crops with cover
crops beneath have the potential to reduce erostom. [18]
estate crops can then be planted together withahnn

[17]

. . 9
crop through alley cropping system, the plantirig ]
estate crops in two or more sets of single or iplelti
rows with food crops cultivated in the alleys betwe
the rows of estate crops. 20]
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