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Vegetation is essential in minimizing erosion, which causes soil degradation. This study analyzed the 
effect of vegetation types on erosion in Endanga watershed, Southeast Sulawesi from July 2014 to 
August 2015. Endanga watershed is a part of Konaweha watershed, which is located in 04o5’20” – 
04o9’46” South and 122o14’49” –122o16’42” East with an area of 1,353.67 ha. The research site was 
selected purposively because Endanga watershed has an essential contribution in supplying water to 
the Konaweha watershed. The erosion observation was done in experimental plots with the size of 22.1 
meters long and 2 meters wide with 9 % slope. Experimental plots were made on various types of 
vegetation, namely: forest, bush, palmoil, pepper, upland rice, corn monoculture, intercropping (corn + 
peanut), and no vegetation. Measurements were carried out every day after the rain that caused runoff. 
The runoff and erosion results were analyzed statistically using analysis of variance followed by LSD test 

with = 0.05.The amount of erosion on the different types of vegetation in the descending order is as 
follows: No vegetation (323.46 t.ha-1y-1) >upland rice (48.27 t.ha-1y-1)>palm oil(18.64 t.ha-1y-1) >corn 
monoculture (14.58 t.ha-1y-1)>intercropping of corn and peanuts (8.88 t.ha-1y-1) >peppers (6.25 t.ha-1y-

1)>bush(3.39 t.ha-1y-1) >forest (0.86 t.ha-1y-1). The types of vegetation that have the best ability to 
minimize erosion are forest, bush, pepper, and intercropping.  
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INTRODUCTION 

The rapid population growth and urbanization 
in the developing country has caused a growing 
demand for food, which leads to the increasing 
need for agricultural lands (Southgate, 2009; 
Satterthwaite et al,. 2010). This raises the 
demand to open new land by converting forest 
into agricultural land (Gibbs et al. 2010; Byerlee et 
al., 2014). However, land clearing for agriculture 
often does not consider soil and water 
conservation principles;therefore, the area is 
degraded due to increased erosion (Blum, 2013; 
Nearing et al., 2017). 

The decreasing number of vegetation affects 
the amount of runoff and erosion. The effect of 
vegetation on runoff and erosion is determined by 
its ability to cover the soil surface (Xu et al., 2013; 
Zhang et al., 2015). A good ground cover 
vegetation such as thick grass or jungle will 
eliminate the effects of rain and topography on 
erosion (Deng et al. 2009; Arsyad, 2010). 
Vegetation can protect the soil surface from the 
collision of raindrops (Zhang et al., 2010; 
Vásquez-Méndez et al., 2010), which prevents 
dispersion or destruction of soil aggregates. 
Land degradation caused by erosion in the 
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upstream of a watershed will adversely affect both 
the area and the off-site. The upstream will 
experience decreased productivity of land, 
reduced farmer's income, and the formation of 
critical land. Meanwhile, the downstream area will 
face sedimentation, water pollution, drought, and 
flood (Tefera and Sterk, 2010; Ren et al.2011; 
Schoonover and Crim, 2015). 
The sustainability of agricultural business in the 
tropical region is significantly determined by the 
deterioration of land quality due to erosion. 
Banuwa et al. (2008) and Arsyad (2010) explain 
that the rate of soil erosion on farmland with 3–
15% slopes in Indonesia is high, ranging from 
97.5–423.6 t ha-1. In fact, many farmlands are on 
a slope of more than 15%; thus, the rate of 
erosion is extremely high. 

Endanga watershed is a buffer for the 
sustainability of the Konaweha watershed (Leomo 
et al., 2016; 2018), which supports the water 
needs of various areas and plays a role as flood 
controllers. However, the quality of forest areas in 
the Endanga watershed is degrading due to 
increased flooding in the area, which threatens 
the sustainability of the water system. In addition, 
Endanga watershed needs serious attention since 
most of its area is on the slope of 15-40%, with an 
extremely high rate of erosion (Leomo, 2016). 
Therefore, it is essential to analyze the rate of 
erosion of various types of vegetation in Endanga 
watershed, Southeast Sulawesi. 
 
MATERIALS AND METHODS 

The study was conducted at the center of the 
Endanga watershed in Southeast Sulawesi.  It is 
located at 0405’20”- 0409’46” South and 
122014’49” - 122016’42” East with an area of 
1,353.67 hectares. The dominant soil type is 
inceptisols. The study was conducted from July 
2014 to August 2015. Materials used include zinc 
plate, wood, PVC pipes, erosion reservoir, and 
plastic sample bags. Meanwhile, instruments used 
were rain gauges, measuring cups, clinometers, 
meters, and scales. 
Experimental plots were made on various types of 
vegetation, namely: forest, bush, palmoil, pepper, 
upland rice, corn monoculture, intercropping (corn 
+ peanut), and no vegetation. Each type of 
vegetation was planted onthree plots as 
replicates;thus, there were 24 experimental 
erosion plots. Each plot was 22.1 meters long and 
2 meters wide with 9 % slope. An erosion 
container or "soil collector" was placed at the 
bottom end of each plot. Measurements were 
carried out every day after the rain that caused 

runoff. Rainfall data at the study site was obtained 
by direct measurement using an ombrometer. 
Rainfall and erosion measurements were done 
every day at 7:00 am. 
The forest and vegetation were observed in the 
natural and good state (covering more than 80 %). 
Palm oil and pepper observed in this study aged 
four years old. Meanwhile, the planting distances 
of upland rice, corn, and peanuts were 40 cm x 20 
cm, 80 cm x 40 cm, and 40 cm x 20 cm, 
respectively. Upland rice,corn, and peanuts were 
planted twice during the period of the study.  
The erosion observation was conducted for eight 
months (November 2014 to July 2015). No rain 
occurred in August 2014, and in July 2015,the rain 
only occurred on one day with 28 mm rainfall. To 
find out the amount of eroded soil,firstly the 
volume of runoff was calculated by measuring the 
volume of water and soil mixture in the soil 
collector. Next, the mixture was stirred until 
homogenous, then 1 liter of the mixture was taken 
as a sample. The sample then put into an oven at 
105oC to get the dry weight, which was done in 
the laboratory of Department of Soil Science, 
Faculty of Agriculture,University Halu Oleo 
Kendari. The dry weight of the sample then 
multiplied by the total volume of runoff to obtain 
the total amount of erosion. The effect of different 
types of vegetation on the amount of eroded soil 
was statistically analyzed using ANOVA, followed 

by LSD test with = 0.05. 
 
RESULTS 

The effect of different types of vegetation on 
erosion  

The results show that different types of 
vegetation had different effects on erosion (Table 
1). The highest erosion occurred on the plot with 
no vegetation, reaching 323.46 t.ha-1y-1 while the 
lowest was obtained in the plot with forest, 
reaching 0.86 t.ha-1y-1. This suggests that forest is 
effective in reducing the amount of eroded soil, 
whereas in the land without vegetation, soils are 
easily eroded by raindrops because of the 
absence of vegetation that reduces the rain kinetic 
energy. The ability of forests to minimize the 
amount of erosion can reach 376 times compared 
to land without vegetation (Leomo, 2016). 
However, the forest area in the Endanga 
watershed cannot be maintained forever due to 
population growth, where the increasing needs of 
the people create a conversion of forests to other 
land uses that are less able to minimize erosion.
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Table 1. The effect of types of vegetation on erosion in Endanga watershed, Southeast 
Sulawesi  

 
Type of vegetation Erosi (t ha-1y-1) 

Forest 0.86 e 

Bush 3.39 e 

Palm oil 18.64 c 

Pepper 6.25 de 

Upland rice 48.27 b 

Corn 14.58 cd 

Intercropping (Corn + Peanuts) 8.88 de 

No vegetation (Control) 323.46 a 

Note: Numbers followed with the same letter had no significant difference at LSD test with =0.05 

 
The high amount of soil eroded in upland 

rice caused by the upright plant structure and 
the limited number of saplings; therefore soil 
surface between the plants becomes open,and 
consequently, it is less able to withstand the 
rain kinetic energy and runoff. 

Annual crops, such as palm oil and 
pepper, affected the amount of erosion 
differently. The erosion of the land with palm 
oils was greater than the land with peppers 
because the large canopy and spacing of palm 
oils make them less able to cover the surface. 
The land with the lower percentage of surface 
covered by vegetation will have the higher 
erosion rate (Nunes et al., 2011; Panagos et 
al., 2015). Cultivation of intercropping crops 
and plantation crops, such as peppers, in the 
Endanga watershed is an appropriate choice 
as it can reduce the amount of eroded soil so 
that the soil productivity can be maintained. 

The relation among rainfall, vegetation 
type, and erosion  

 The role of vegetation in reducing 
erosion was not the same for each vegetation 
type. Vegetation that covers the soil surface 
tightly and produces a lot of litter has lower 
erosion compared to the land without 
vegetation. The relationship between rainfall 
and the amount of eroded soil on different 
types of vegetation are shown in Figures 1-2. 

Rainfall significantly affects the amount of 
erosion.The amount of eroded soil tends to 
increase as the number of rainfall increases. 
Rainfall has the ability to cause erosion, but 
vegetation has the ability to minimize the 
impact of rainfall on the amount of erosion. 
Constantly closed soil (Figure 1a ) produces 
lower soil erosion regardless of the rainfall. 
There was an interesting pattern on 
experimental plots with forest, at the beginning 
of the observation; the rainfall was directly 
proportional to the erosion, i.e., increased 
rainfall also raised the erosion. However, over 
time the rainfall showed no similarity with the 

amount of eroded soil.Even though the rainfall 
increased, the erosion remained low. 

Forest with tight growth and many litters 
on the surface was the most effective 
vegetation to reduce erosion.With the monthly 
rainfall in a range of 28.0–412.6 mm, the 
erosion was only 0.005–0.354 t.ha-1. 
Meanwhile, the land with no vegetation (Figure 
2d) produced a considerable amount of 
erosion in the range of 0.232–116.579 t.ha-1. 

Bush (Figure 1b) had the same pattern of 
relationship between rainfall and soil erosion. 
If the rainfall increases, the erosion also 
increases. However, the amount of eroded soil 
was significantly smaller than the land without 
vegetation. The erosion of the bush was in the 
range of 0.016 – 0.873 t.ha-1 with the same 
rainfall. The growth of the bush is not as good 
as forest, but the resulting litter is also low. A 
change in land use from forests to agricultural 
land creates an increase in the erosion rate.  

Annual crops, such as palm oil and 
pepper, are less able to minimize erosion. The 
results show that the rainfall was directly 
proportional to the erosion of palm oil and 
peppers (Figures1c and 1d). However, the 
erosion of the palm oils (0.016–5.809 t.ha-1) 
was higher than peppers (0.007–2.485 t.ha-1). 
Palm oils have a large canopy and spacing, 
and there is no cover crop between plants. 
Meanwhile, peppershave protective crops that 
function as stakes to prevent bending, which 
also reduce the rain kinetic energy; thus, 
lowering the amount of erosion. The 
percentage of the covered surface is inversely 
proportional to the erosion rate (Bruthans et 
al., 2008; Ramos et al., 2016; Von Bennewitz 
and Aladro, 2017).   

 Lands with upland rice, corn 
monoculture, and intercropping of corn and 
peanuts had high erosion rate, but not as high 
as the land with no vegetation. The amount of 
eroded soil in this vegetation was directly 
proportionate to the rainfall (Figures 2a, 2b, 
2c).  
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Figure 1.The relation between rainfall and erosion on forest (a), bush (b), palm oil (c) and 

peppers (d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure2.The relation between rainfall and erosion on upland rice (a), corn monoculture (b), 
intercropping corn and peanut (c) and no vegetation (d) 
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These three types of vegetation cover the 
surface in a short time due to short plant life, and 
there is a period of land-cultivation-planting. 
Upland rice field had erosion ranged from 0.031–
23.31 t.ha-1. The high erosion is caused by upright 
plant structure and the low number of saplings so 
that there was open area among the crops that is 
prone to the destruction of soil aggregates by 
rainfall. Meanwhile the land with the corn and 
peanuts intercropping had a lower erosion 
(ranged from 0.025–4.228 t.ha-1) than the upland 
rice. The low erosion is caused by the tighter 
cover from the intercropping of corn and peanuts. 
The effectiveness of vegetation in limiting runoff 
and erosion is influenced by canopy height, 
canopy area, vegetation density, and root density 
(Kim et al. 2008; Di et al., 2010). The lower and 
closer the vegetation, the more effective the 
vegetation in protecting the soil against erosion 
(Vannoppen et al., 2015; Miri et al., 2017) 
because it will decrease the terminal speed of the 
raindrops (Leenders et al., 2011, 2014; 

Davidson‐Arnott et al., 2012), thereby reducing 
the rain kinetic energy. 

Based on the erosion pattern on different 
types of vegetation, there was a tendency that 
annual crops produced less erosion than food 
crops. Forest is the best vegetation to reduce the 
erosion rate through the decrease in the amount 
of erosion (Zuazo and Pleguezuelo, 2008; 
Panagos et al. 2015). However, to accommodate 
the increasing population, some forest area is 
expected to be converted to agriculture in the 
future. For the agricultural system, the 
intercropping system is very effective in reducing 
the erosion. The land with upland rice and no 
vegetation had the largest amount of erosion.  

CONCLUSION 
The results show that the type of vegetation 

had a very significant effect on the amount of 
erosion. The amount of erosion on the different 
types of vegetation in the descending order is as 
follows: No vegetation (323.46 t.ha-1y-1) >upland 
rice (48.27 t.ha-1y-1)>palm oil(18.64 t.ha-1y-1) >corn 
monoculture (14.58 t.ha-1y-1)>intercropping of corn 
and peanuts (8.88 t.ha-1y-1) >peppers (6.25 t.ha-1y-

1)>bush(3.39 t.ha-1y-1) >forest (0.86 t.ha-1y-1).  Soil 
productivity in the Endanga watershed can be 
maintained by reducing erosion through the use of 
an intercropping agricultural system or 
agroforestry system that combine annual and 
seasonal crops.  
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest”. 
 
ACKNOWLEGEMENT 

The authors extend their gratitude to the 
Rector of Halu Oleo University, the Dean of 
Agriculture Faculty and Head of Soil Science 
Laboratory for providing the facilities to carry out 
this study. We would also like to show our 
gratitude to the farmers who participated in this 
research 

 
AUTHOR CONTRIBUTIONS 

SL designed and performleed the experiments 
and also wrote the manuscript. SG, LS, SG  and 
MHD analyzed the data and reviewed the 
manuscript.  All authors read and approved the 
final version. 
 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Arsyad S, 2010. Konservasi Tanah dan 

Air.EdisiKedua. IPB Press. Bogor. 
Banuwa IS, Sinukaban N, Tarigan S, Darusman 

D, 2008. Land Capability Evaluation of Upper 
Sekampung Watersheds. J Tanah Trop. 13 
(2):145-153  

Blum WEH, 2013. Soil and land resources for 
agricultural production : General trends and 
future scenarios-A worldwide perspective. 
International Soil and Water Conservation 
Research. 1(3):1-14. 

Bruthans J, Asadi N, Filippi M, Vilhelm Z, Zare M, 
2008. A study of erosion rates on salt diapir 
surfaces in the Zagros Mountains, SE Iran. 
Environ Geol. 53:1079–1089. DOI 
10.1007/s00254-007-0734-6.  

Byerlee D, Stevenson J, Villoria N, 2014. Does 
intensification slow crop land expansion or 
encourage deforestation? Global Food 
Security, 3:92–98. 

Davidson-Arnott  RGD,  Bauer BO, Walker IJ,  
Hesp PA, Ollerhead J, Chapman C, 2012. 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Leomo et al.,                                                                             Effect of vegetation types on soil erosion 

 

Bioscience Research, 2018 volume 15(3):1688-1694                                                            1693 

 

High frequency sediment transport 
responses on a vegetated foredune. Earth 
Surface Processes and Landforms, 37:1227-
1241 

Deng  H,  Zhang B, Yin R,  Wang H, Mitchell SM,  
Griffiths BS,  Daniell TJ, 2009.  Long-term 
effect of re-vegetation on the microbial 
community of a severely eroded soil in sub-
tropical China. Plant Soil 328:447–458. 

Di B, Zeng H, Zhang M, Ustin SL, Tang Y, Wang 
Z,  Chen N, Zhang B, 2010. Quantifying the 
spatial distribution of soil mass wasting 
processes after the 2008 earthquake in 
Wenchuan, China: A case study of the 
Longmenshan area. Remote Sensing 
Environment. 114:761–771.  

Gibbs HK, Ruesch AS, Achard F, Clayton MK, 
Holmgren P, Ramankutty N, Foley JA, 2010. 
Tropical forests were the primary sources of 
new agricultural land in the 1980s and 
1990s. Proceedings of the National Academy 
of Sciences of the United States of America, 
107(38), 16732–16737. 
http://doi.org/10.1073/pnas.0910275107 

KimC, Shin K, Joo KY, Lee KS, Shin  SS, Choung 
Y, 2008. Effects of soil conservation 
measures in a partially vegetated area after 
forest fires. Science of the Total 
Environment, 399:158-164. 

Leenders JK, Sterk G, Van Boxel JH, 2011. 

Modelling wind‐blown sediment transport 
around single vegetation elements. Earth 
Surface Processes and Landforms, 
36(9):1218–1229. doi: 10.1002/esp.2147. 

Leenders JK, Sterk G, Van Boxel, JH, 2014. Wind 
erosion reduction by scattered woody 
vegetation in farmers’ fields in northern 
Burkina Faso. Land Degrad. and Dev. 
27(8).https://doi.org/10.1002/ldr.2322 

Leomo S, 2016. Model of Soil and Water 
Conservation Treatment in Endanga 
Watershed, Southeast Sulawesi. 
Dissertation.Halu Oleo University. Kendari. 
Indonesia.  

Leomo S, Ginting S, Sabaruddin L, Tufaila M. 
2016. Estimation of erosion hazard level 
using universal soil loss equation (USLE) 
method in Endanga Watershed, Southeast 
Sulawesi, Indonesia. Advances in 
Environmental Biology, 10(1):101-106. 

Leomo S, Ginting S, Sabaruddin L, Tufaila M, 
Muhidin, 2018. The land use patterns for soil 
organic carbon conservation at Endanga 
watershed Southeast Sulawesi Indonesia. 
International Conference on Agriculture, 

Environment, and Food Security.  IOP Conf. 
Series: Earth and Environmental Science 
122 (2018) 012034 

 
Miri A, Dragovich D, Dong Z, 2017. Vegetation 

morphologic and aerodynamic 
characteristics reduce aeolian erosion. 
Scientific Reports, 7, 
12831.http://doi.org/10.1038/s41598-017-
13084-x 

Nearing MA, Xie Y, Liu B, Ye Y, 2017. Natural and 
anthropogenic rates of soil erosion 
International Soil and Water Conservation 
Research 5:77-84. 

Nunes AN, de Almeida AC, Coelho COA, 2011. 
Impacts of land use and cover type on runoff 
and soil erosion in a marginal area of Port. 
Applied Geography 31:687-699. 

Panagos P, Borelli P, Meusburger K, Alewell C, 
Lugato E, Montarella L, 2015. Estimating the 
soil erosion cover-management factor at the 
European. Land Use Policy,  48:38–50. 

Ramos JC, Bertol I, Barbosa FT,  Bertól C, Mafra 
AL, Miquelluti DJ, Júnior JM, 2016. Water 
erosion in surface soil conditions: runoff 
velocity, concentration and D50 index . Sci. 
Agric. 73(3):286-293. 
http://dx.doi.org/10.1590/0103-9016-2015-
0110. 

Ren S, Liang Y, Sun B, 2011. Quantitative 
Analysis on the Influence of Long-term Soil 
and water conservation Measures 
Harnessing on Runoff and Sediment Yield of 
Watershed.  Procedia Environmental 
Sciences, 10:1732-1740. 

Satterthwaite D, McGranahan G, Tacoli C, 2010. 
Urbanization and its implications for food and 
farming.Philosophical Transactions of the 
Royal Society B: Biological Sciences, 
365(1554): 2809–2820. 
http://doi.org/10.1098/rstb.2010.0136.  

Schoonover JE, Crim JF, 2015. An introduction to 
soil concepts and the role of soils in 
watershed management. J. of Contemporary 
Water Research & Education. 154 
(1).https://doi.org/10.1111/j.1936-
704X.2015.03186.x 

Southgate D, 2009. Population Growth, Increases 
in Agricultural Production and Trends in Food 
Prices. The Electronic Journal of Sustainable 
Development 1(3):29-35. 

Tefera B, Sterk G, 2010. Land management, 
erosion problems and soil and water 
conservation in Fincha’s watershed, western 
Ethiopia. Land Use Policy, 27:1027-1037.  



Leomo et al.,                                                                             Effect of vegetation types on soil erosion 

 

Bioscience Research, 2018 volume 15(3):1688-1694                                                            1694 

 

Vannoppen W, Vanmaercke M, De Baets S, 
Poesen J, 2015. A review of the mechanical 
effects of plant roots on concentrated flow 
erosion rates. Earth - Science Reviews. 
150:666-678. DOI: 
10.1016/j.earscirev.2015.08.011 

Vásquez-Méndez R,  Ventura-Ramos E,  
Oleschko K,  Hernández-Sandoval L, Parrot 
J, Nearing MA, 2010. Soil erosion and runoff 
in different vegetation patches from semiarid 
Central Mexico. Catena 80:162-169.  

vonBennewitz E, Aladro J,  2017. The effects of 
rainfall intensity and rock fragment cover on 
soil hydrological responses in Central Chile.  
Journal of Soil Science and Plant Nutrition. 
17(3):781-793. 
http://dx.doi.org/10.4067/S0718-
95162017000300017. 

Xu Q, Wang T, Cai C, Li Z, Shi Z, Fang R, 2013. 
Responses of runoff and soil erosion to 
vegetation removal and tillage on steep 
lands. Pedosphere.  23 (4): 532-541.  

Zhang GH, Liu GB, Wang GL, Wang YX, 2010. 
Effects of vegetation cover and rainfall 
intensity on sediment-associated nitrogen 
and phosphorus losses and particle size 
composition on the Loess Plateau. Journal of 
Soil and Water Conservation. 66(3):192-200.  

Zhang L, Wang J, Bai Z, Ly C, 2015, Effects of 
vegetation on runoff and soil erosion on 
reclaimed land in an opencast coal-mine 
dump in a loess area. Catena 128:44-53.  

Zuazo VHD, Pleguezuelo CRR, 2008. Soil-erosion 
and runoff prevention by plant covers. A 
review : Agronomy for Sustainable 
Development, 28 (1): 65-86.  

 
 
 
 
 
 
 
 
 


