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ABSTRACT In forest and land rehabilitation (FLR), the watershed is the major unit of watershed management.
Furthermore, the watershed approach is the basis of FLR evaluations, which include evaluations of hydrology, land
erosion, and other environmental factors. Currently, sustainable FLR planning is in the development stage. The present
research was conducted to identify the erosion hazard level as a result of FLR performed on the Tambun Watershed in
Central Sulawesi, Indonesia. Analysis of the erosion hazard level was conducted using the USLE equation. The results
of this research revealed that FLR performed in a community forest and nursery, where Paraserianthes falcataria and
Palaquium obovatum trees had been planted, had not been able to reduce the rate of soil erosion. Happen increase in
soil erosion from 955.63 ton/ha/year (prior to FLR) to 1,097.52 ton/ha/year (after FLR). This was because these two
types of plants were broad-leaved. Therefore, selecting the right type of plant is necessary. In particular, needle-leaved
plants should be used in FLR activities to minimize soil erosion.
Keywords: erosion, watershed, rehabilitation, forest, land

INTRUDUCTION
Fifty four point six millions ha of forest area in Indonesia had
been degraded due to illegal logging, fires, land conversion, and
unplanned land expansion for agricultural purposes. 54.6 millions
ha out of the total forest area mentioned above had been predicted
to face degradation including the area of productive forest, conservation forest and protected forest, while 41.7 millions ha of the degraded land were land outside forest area. Forest cover play important role in reducing sediment yield (Reis et al., 2016). Land use
and land cover change were important research objects as they relate with the interaction between human activities and the natural
environment (Alkharabshehet al., 2013).
Watershed was the area where watershed management was
done to maintain the water quality (Komaruddin, 2008). The land
use around watershed affected the water quality and caused increasing in erosion sediment rate. Increases in the rate of soil erosion and increases in the total area of critical land were obvious
impacts of land shifts in land use (Pawitan, 2004). Critical land indicated with high erosion rates and further decreased water infiltration capability resulted in decreased soil fertility. The shift in the
land use and land cover change, rain falls, the kind of soil, including improper exploration of land affect the erosion rate (Chaudhry,
1988; Fu et al., 2000; García-Ruiz, 2010). Planting system, land
and water conservation, land management system and water management system need to be designed to control land erosion and
degradation (El-Swaify, 1997; Abu-Hamdehet al., 2018)
Erosion was the movement or transport of soil particles or sediments due to the pressure caused by the movement of wind or water on the surface of the ground or the bottom of the water (Poerbandono et al., 2006; Pimentel, 2006; Gitas et al., 2009). Soil erosion decreases the soil fertility and brings negative impacts on watershed in the form of environmental problems. It also threatened

the sustainability of agriculture and water quality (Bakker et al.,
2005; Panomtaranichagul and Nareuban, 2005; Pandey et al.,
2007). Along watershed environment, erosion rates were affected
by the speed of water flow and the characteristics of the sediments
(Herawati, 2010). To assess estimate the amount of soil loss from
erosion, Universal Soil Loss Equation method could be used (Gitas
et al., 2009; Pham et al., 2018). This method could be applied in
any watersheds prior to preparing conservation master plans and
enabling efficient use of resources (Bewket and Teferi, 2009).
Forest and land degradation caused decreases in land productivity as it increases the area of critical land and brings other ecological impacts.Therefore forest and land rehabilitation (FLR) programs were needed. Some important points should be considered
in planning FLRprograms and benchmarks in overcoming surface
runoff and erosion as well as improving the quality and function of
watersheds should be determined to evaluate the success of the program. Agricultural land management practices play an important
role in controlling soil erosions such as land loss that decreases exponentially due toincreases in vegetation cover (Khan et al., 2003;
Gyssels et al., 2005). It was also necessary to have proper understanding regarding basic processes and factors that influence land
degradation, especially soil erosion and other phenomena in implementing the concept, design, and implementation of productive,
stable and sustainable agricultural systems (El-Swaify, 1997).
The map of soil erosion hazard was important in erosionprone areas because it explains and displays the distribution of hazards and areas that were likely to be affected within watershed
management (Rahman et al., 2009).
Tambun watershed was administratively located in Tolitoli
District, Central Sulawesi with an area of 13,563.42 ha. The position and height of the place make the Tambun watershed function
as a buffer zone for the capital of Tolitoli Regency. The function
of this area as buffer zone in relation to the amount of critical land,
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frequent flooding and landslides makes forest and land rehabilitation (FLR) an urgent agenda. The effectiveness of FLR could be
seen in the effects of FLR programs implemented in Tambun watershed in 2011 namely community forest development, which program covered an area of 10 ha and the program done in in 2012 in
the form of reconstruction of 124 ha of community nursery.
In the implementation of watershed management and to find
out the impact of FLR watershed management in Tambun watershed, an analysis of erosion hazard level after FLR program needs
to be conducted. It was also important to analyze its effect on the
management of watersheds. Therefore, development simulations
could be arranged towards for better sustainability of Tambun watershed in the future.
This study was conducted to identify the post-FLR erosion
level in Tambun watershed, Tolitoli using the USLE equation. The
results of this research were expected to provide valuable insights
in the planning of Tambun watershed management for healthier
watershed, especially in overcoming the level of erosion hazard.

MATERIALS AND METHODS
Research Setting: This research was conducted from March
to October 2018 in Tambun Watershed, Tolitoli, Central Sulawesi,
Indonesia. As large as 10 ha of land in the location was developed
in 2011 as community forest, and in 2012, 124 ha of land was developed as community nursery.
Tambun watershed was geographically located at the coordinate of 120° 49' 52.98" E 0° 58' 27.29" N (Figure 1).
Research Method: The research was conducted in the form

Fig.1 Location of the Research
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of surveys by obtaining soil samples from the research location to
be further analyzed in the laboratory of the Faculty of Agriculture,
Tadulako University. The soil sampling technique was carried out
using purposive sampling based on the land use and on FLR land,
slope and soil conditions.
The data were then analyzed using the Universal Soil Loss
Equation (USLE) equation. Furthermore, the erosion hazard level
(TBE) was determined by comparing the actual (A) erosion to the
tolerable erosion (T). The data included time series data regarding
the last 10 years rainfall, soil physical properties, slope length, soil
and plant management.

Data Collection
The data collected in this research included primary and secondary data in the forms of description of soil properties, length
and incline of the slope, plant management system from the field
and the data regarding rainfall amount obtained from the nearest
climatology station. Furthermore, samples of whole soil and nonwhole soil were retrieved based on ring sample in order to measure
the permeability, texture, bulk density and organic contents in the
soil (Figure 2).
Creating Land Unit Map: A land unit map was prepared by
overlaying maps in the form of: geomorphological maps, rainfall
maps, geological maps, slope maps, land maps, land use maps,
slope class maps, basic maps of visual maps at 1:25,000 scale to
calculate the erosion hazard. Information on this land unit were obtained from the results of interpretation of aerial photographs,
ground checks, retrieval and sample soil information and some
other information from related institutions.
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RESULTS AND DISCUSSIONS
Land Use: Based on the results of image analysis and current
ground check, land use in the Tambun watershed after FLR consisted of primary dryland forests, secondary dryland forests, plantations, settlements, dry land agriculture, dry land agriculture
mixed with shrubs, rice fields, community nurseries, and community forest (Table 2).
Table 2

The Use of Land in Tambun Watershed after
FLR *)
Total Area

Land Use

Fig.2 Soil Sample Data Collection

Data Analysis: As instructed by Wischmeier and Smith,
(1978), erosion rate was calculated using the USLE method (Ma et
al, 2003; Cardei et al., 2009; Patil, 2018; Lin et al., 2019) as follows:
A=R*K*L*S*C*P
Remarks A: maximum amount of land loss (ton / ha / year);
R: rainfall factor; K: soil erodibility factor; LS: factor length and
slope; C: vegetation cover and plant management factors; P: soil
conservation action factor.
Based on the instructions of Mati et al, (2000) Universal Soil
Loss Equation (USLE) is used to predict the danger of soil erosion
in the Tambun, Tolitoli watershed before and after forest and land
rehabiltation, using data from erosion plots and reconnaissance
surveys. The R-factor (erosivity of rainfall) is determined by
extrapolation from the erosivity relationship to the amount of
rainfall, using data from autographic records. The K-factor (soil
erodibility) is determined using data obtained by laboratory
analysis of soil samples collected from the study site. The LSfactor (slope length and steepness) is determined from the digital
elevation model (DEM) of the basin, while the C-factor (plant and
management) is determined from vegetation cover data, obtained
from SPOT images and field surveys. The P-factor (conservation
practice) is estimated from the soil conservation map. Raster-based
Geographic Information Systems (GIS) are used to interactively
calculate soil loss and map erosion hazards.
The erosion hazard rate (EHR) was determined by comparing
potential erosion (A) with tolerable erosion (T), using this
following formula:
EHR = A / T with erosion hazard criteria according to Table
1:
Table 1

Criteria of Erosion Hazard Level *)

Classification of Erosion
Hazard (EHR)
I

Soil Loss
(ton/ha/year)
<15

Criteria
Very low

II

15-60

Low

III

60-180

Medium

IV

180-480

High

V

>480

Very high

*) Source of data: Guideline for preparing a technical plan for land
and land rehabilitation and soil conservation, forestry department in
1998

(ha)

(%)

Primary dryland forest

2,781.26

20.51

Secondary dryland forest

1,984.95

14.63

Plantation area

194.86

1.44

Settlement

145.45

1.07

Dryland agriculture

1,863.46

13.74

Mixed dryland agriculture

5,672.74

41.82

Rice fields

786.70

5.80

Community nursery

124

0.91

Community forest

10

0.07

Total

13,563.42

100

*) Source of data: Field survey and digitization of satellite imagery
maps

Land use indicated the accomplishment of regional development in terms of land productivity and the influence of human activities. Alkharabsheh et al. (2013) stated that the risk of soil erosion was strongly influenced by the use and form of land management besides it was also affected by watershed configuration (topography, shape), soil characteristics, climate conditions. Land use
strongly influenced the erosion rate in a watershed as it either reduces or increased the effect of rainfall that occurs.
Prediction of Erosion: The prediction of soil erosion (6-7
years) was administered on each land use using the USLE method
involving all factors; rainfall (R), soil erodibility (K), slope length
and slope (LS), vegetation cover and crop management (C), and
soil conservation action factor (P). The actual erosion scores after
forest and land rehabilitation in the Tambun watershed were presented in Table 3.
Table 3

Estimated values of soil loss in Tambun Watershed before FLR

Land Use

R

K

LS

C

Primary dryland forest 1358.73 0.59

9.5 0.001

Secondary dryland forest 1358.73 0.56

9.5 0.005

P

A
(ton/ha/year)

1

7.62

1

36.14

Plantation area

1358.73 0.55

3.1

0.4

0.5

463.33

Settlement

1358.73 0.29

1.2

0.2

0.1

9.46

Dryland agriculture

1358.73 0.56

6.8

0.1

0.4

206.96

Mixed dryland agriculture 1358.73 0.52

6.8

0.1

0.4

192.18

1.4

0.15

0.5

39.95

Rice fields
Total

1358.73 0.28

955.63
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As seen in Table 3, the estimated values of soil loss that occurred before FLR was 955.63 tons / ha / year (range 7.62 - 463.33
tons / ha / year), the largest erosion was 463.33 tons / ha / year
occurred in the form of plantation land use at the slope rate of 25%
-40% (steep) red yellow podsolic type. Meanwhile the smallest
erosion of 7.62 tons / ha / year be found in primary dryland forest
land use at an average slope rate of 25% -40% (steep) to> 45%
(very steep) red yellow podsolic type .
The strong erosion potential in the use of land for plantation
was due to the fact that the land was mostly planted with Syzygiumaromaticum and Theobroma cacao, making this land less capable in reducing rainwater collisions on the soil and shallow root
systems, and causing soil drainage system less effective. To control
the rate of soil erosion in this area, it was necessary to perform
mulching techniques and conservation farming systems. This idea
was supported by Keesstra et al. (2019), who also believed that
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mulch could be used as a land management practice to control the
rate of soil erosion.
In primary dryland forests, the average erosion rate was relatively smaller at 7.62 tons / ha / year. Based on the results of the
ground check, the presence of trees with various strata formed canopy strata (Figure 3). Complete canopy structure played a role in
helping to reduce the kinetic rate of rainwater falling into the canopy. Therefore, when rainwater reached the lowest canopy strata,
the size of the raindrops becomes much smaller and the kinetic energy of the rain became weaker. Although this land was on a steep
slope to very steep yet it did not have a significant effect. Litter that
falls on the surface of the soil also played a role in protecting the
soil surface from direct collisions of rainwater and could improve
soil infiltration capacity, making erosion on this type of land relatively lower. In line with Rashid et al., (2015), plant cover was the
most appropriate method to apply for soil and water conservation.

Fig.3 Primary dry land forest cover in Tambun Watershed
Table4

Estimated values of soil loss in Tambun Watershed after FLR
Land Use

Primary dryland forest

R

K

LS

C

P

A
(ton/ha/year)

1384.29 0.59 9.5 0.001

1

7.76

Secondary dryland forest 1384.29 0.56 9.5 0.005

1

36.82

Plantation area

1384.29 0.55 3.1

0.4

0.5

472.04

Settlement

1384.29 0.29 1.2

0.2

0.1

9.63

Dryland agriculture

1384.29 0.56 6.8

0.1

0.4

210.86

Mixed dryland agriculture 1384.29 0.52 6.8

0.1

0.4

195.79

1384.29 0.28 1.4 0.15 0.5

40.70

Community nursery

1384.29 0.55 3.1 0.05 0.9

106.21

Community forest

1384.29 0.55 3.1 0.01 0.75

17.70

Rice fields

Total

1,097.52

Table 4 presents the estimated values of soil loss rate that occurred in the Tambun watershed area after FLR averaged at 121.95
tons / ha / year (range 7.76-472.04 tons / ha / year). 472.04tons / ha
/ year occurred in the form of plantation land use planted with
Syzygiumaromaticum and Theobroma cacao at a slope rate of 25%
-40% (steep) red yellow podsolic type. Meanwhile the smallest
erosion at 7.76 tons / ha / year was found on primary dryland forest

land with an average attack rate of 25% -40% (steep) to> 45% (very
steep) red yellow podsolic type.
In the area of FLR (community forest and community nursery)
planted with Paraserianthesfalcataria and Palaquiumobovatum, rehabilitation activities had been not able to reduce the rate of soil
erosion from 955.63 tons / ha / year (before FLR) to 1,097.52 tons
/ ha / year (post FLR ) The enhancement in erosion rate was the
effect of FLR plants that not grow well (Figure 4) and tend to
open the canopy of plants, so erosion could occur easily. Forest
litter allowed lower plants to grow under trees to protect the soil
surface from the kinetic energy of rainwater. The presence of understorey and litter piles on the forest floor were found quite effective in reducing the kinetic energy of rainwater, preventing rainwater from directly hitting the ground surface. This condition eliminated soil grains which woulderode when surface runoff occurred
during peak discharge. This was in accordance with the statement
of Bukhari et al. (2014) that cover vegetation factors act as a protective soil against erosion forces. Headings, roots, litter and remnants of plant roots could protect the soil against erosion by reducing raindrops, inhibiting runoff flow rates and improving soil structure.
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(a)

(b)
Fig.4 The growth of FLR plants; (a) Paraserianthes falcataria, (b) Palaquium obovatum Engl

Table 3 and 4 shown enhancement in erosion after FLR from
955.63 to / ha / year to 1,097.52 to / ha / year or a difference of
141.89 tons / ha / year. The key factor in this enhancement erosion
were forest rehabilitation and land that had been planted with Paraserianthesfalcataria and Palaquiumobovatum plants hasn't grown
well and the plant canopy was not linked to one another. This view
was supported by Azmoudeh et al., (2010) and Schönbrodt et al.,
(2010) who mentioned that vegetation cover and plant species were
key factors in controlling soil erosion. Changes in land use, especially the transformation of natural ecosystem strongly affected

Fig.5 The map of erosion hazard level before FLR

soil physicochemistry and its biological characteristics besides it
also helped reducing the soil erosion.
Erosion Hazard Level: Erosion hazard level refers the level
of threat of damage caused by erosion of a land. Soil erosion could
turn into a disaster if the rate of erosion was faster than the rate of
soil formation which would gradually deplete the soil, revealing
the main material or base material. Indonesia had applied a set of
standards in estimating the rate of reasonable erosion ranging from
15-33 tons / ha / year or 1.25-2.5 mm / year. The erosion hazard
level in the observation field was found lower than the standard
reasonable erosion rate that applies in Indonesia. Based on the erosion hazard level classification according to USLE, the observed
land which had a depth of soil solum less than 30 cm was classified
within class I erosion hazard level or very high.
Based results of erosion assessment using ArcGIS, the erosion
scores varied from very low to high on all land cover, both before
FLR and post FLR. Detailed information was presented in Figure
5 and Figure 6.
Figure 5 presents the erosion hazard level before FLR which
was considered very low at erosion rate of <15 tons / ha / year occurring in primary dryland forests covering an area of 2,781.26 ha
(20.5%) and use of land for settlements covering 145, 45 ha
(1.07%). Low erosion (errosion rate 15 - 60 tons/year) included
secondary dry forest area 1,984.95 ha (14.63%) and land rice fields
use of 786.70 ha (5.80%), high erosion rate of on plantation area
194.86 ha (1,44%),dryland agriculture covering 1,863.46 ha
(13.74%), bush mixed dryland agriculture covering an area of
5,806.74 ha (42.81%).
In the post-rehabilitation area of forests and land in the Tambun watershed which were utilized as community forestsaverage
erosion hazard level was categorized low at 15-60 tons / year covering 124 ha (0.91%) and community nursery 10 ha (0.07%) categorized medium of the total Tambun watershed area (Figure 6).
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Fig.6 The map of erosion hazard level after FLR

Conclusions: FLR land (community forest and community
nursery) planted with Paraserianthesfalcataria and Palaquiumobovatum, not successfully reduced the rate of soil erosion from
955.63 tons / ha / year (before FLR) to 1,097.52 tons / ha / year
post FLR.Before and after the FLR, the erosion hazard level was
categorized very low &lt;15 tons / ha / year occurred in primary
dryland forests covering an area of 2,781.26 ha (20.5%) and use of
land for settlements covering of 145, 45 ha (1.07%), high erosion
rate 180-480 tons / ha / year occurred in of plantation area 194.86
ha (1,44%), dryland agriculture covering 1,863.46 ha (13.74%) and
bush mixed dryland agriculture covering an area of 5,806.74 ha
(42.81%).Changes in forest area function on forest and land rehabilitation activities should pay attention to the selection of vegetation types with needle-leaf plant shape, to reduce soil erosion
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