ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d250235

BIODIVERSITAS
Volume 25, Number 2, February 2024
Pages: 753-761

Surface runoff in varying forest cover types in Jangkok Watershed,
Lombok Island, Indonesia

MARKUM*, FIRMAN AL RAHMAN?
IMagister Program of Environment and Natural Resources Management, Post Graduate Program, Universitas Mataram. JI. Majapahit No. 62, Mataram
83125, West Nusa Tenggara, Indonesia. Tel./fax.: +62-370-7506625, Yemail: markum.exp@unram.ac.id
2Department of Biology Education, Faculty of Education and Teacher Training, Universitas Islam Negeri Mataram. JI. Gadjah Mada Jempong No. 100,
Mataram 83127, West Nusa Tenggara, Indonesia

Manuscript received: 6 December 2023. Revision accepted: 23 February 2024.

Abstract. Markum, Rahman FA. 2024. Surface runoff in varying forest cover types in Jangkok Watershed, Lombok Island, Indonesia.
Biodiversitas 25: 753-761. Forests in the Jangkok Watershed play an important role in controlling ecological functions and hydrological
cycles in Lombok Island, West Nusa Tenggara, Indonesia. This research aims to evaluate the amount of surface runoff in the Jangkok
Watershed by looking at various types of forest cover, namely Primary Forest (PF), Disturbed Forest (DF), Candlenut Agroforestry
(CA), Mahogany Woodlot (MW), Multistrata Agroforestry (MA) and Simple Agroforestry (SA). The research area was located at
altitudes between 250-650 meters above sea level with a slope of 7-43%. Data collected on each type of forest cover included:
vegetation characteristics, surface runoff, slope and rainfall. The result shows vegetation cover in the studied area varies from moderate
to very dense with coverage ranging from 50-90%. The vegetation in PF, DF and MA are characterized by very diverse vegetation,
while that in UM, CA and SA it is quite homogeneous. The amount of Surface runoff coefficient varies across forest cover types with
PF being the lowest (0.6-1.4%), followed by DF (0.6-1.7%), MA (0.6-1.7%), MW (0.6-2.1%), SA (1.0-2.2%) and CA (1.8-4.3%).
Factors that are considered influential in determining the magnitude of surface runoff at the research location are the physical properties
of the soil, rainfall intensity, vegetation type, structure and density, and land slope. The findings of this study suggest that more complex
vegetation has important role in minimizing surface runoff, highlighting the importance of preserving and protecting this forest type to

maintain hydrological function of watershed.
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INTRODUCTION

Forest plays an important role as a regulator to maintain
hydrological functions and cycles in watershed (Chaubey et
al. 2021). The importance of forest in hydrological system
can be indicated by the high rate of soil infiltration and
high soil biological activity (Basche and DelLonge 2019;
Suprayogo et al. 2020), and the abundance of plant roots
and the thickness of litter (Liu et al. 2018), making it is
easier for rainwater to flow into deeper soil layers (van
Noordwijk et al. 2020). Soil infiltration rates are strongly
influenced by land use, density of ground cover vegetation
(Amiri et al. 2023), rain intensity (Hou et al. 2019; Ren et
al. 2020), interception of rain by the plant canopy,
rainwater hitting power, landscape drainage and soil
structure (Leung et al. 2018; Noldeke et al. 2021). The
higher soil infiltration rate can cause less water to flow as
surface runoff (Zhao et al. 2018; Ren et al. 2020; Wang et
al. 2020).

Conversion of forest into other land uses can cause
changes in watershed hydrology (Demissie 2022; Dogan
and Karpuzcu 2022). The decreasing vegetation cover due
to such conversion increases the energy of rainwater falling
onto the ground and thereby increases surface runoff (Le
Bissonnais et al. 2018; Chen et al. 2020), causing damage
on the soil surface. The loss of forest cover also results in
the decrease in soil macroporosity and infiltration rate of

rain water, decreasing the quality of soil physical properties
(Hernandez-Crespo et al. 2019). In the long run, the
reduction of hydrological functions of watershed due to
forest conversion might enhance the risks of soil erosion,
landslide and flood.

The more water that flows in the form of surface runoff,
the less water that infiltrates into the soil. Increased surface
runoff also increases the loss of topsoil (Dos Santos et al.
2017; Fortugno et al. 2017), as well as soil organic content
and nutrients (Wolka et al. 2021; Sadeghi et al. 2022). The
actual condition of surface runoff in an area is one of the
factors that need to be considered in watershed planning
and management because the level of surface runoff has an
impact on the condition of forest cover, which has
implications for management strategies and programs (L.i et
al. 2022). Land use change from forest into non-forest
lands has its own characteristics which can be indicated by
differences in plant species diversity (Helen et al. 2019;
Srivastava et al. 2020), plant density (Peters et al. 2019;
Felipe-Lucia et al. 2020), carbon stocks (Law et al. 2018),
soil organic content (Ramesh et al. 2019; Soleimani et al.
2019). Such differences ultimately influence the amount of
surface runoff (Anand et al. 2018; Guzha et al. 2018).

One of the areas that has an important ecological role
on Lombok Island, Indonesia is the Jangkok Watershed,
where the forest area based on the decision of the Minister
of the Environment of the Republic of Indonesia with
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SK.304/MenLHK/PDASHL/DAS.0/7/2018 has an extent
of 20,571 ha. Nonetheless, this watershed is pressured by
conversion from forest into various land uses, resulting
changes in vegetation cover. In the period of 14 years
(1995-2009), natural forest in Jangkok reduced by 22%
(8087 ha), while secondary forest increased. There was also
increase on shrub, settlement and crop area by 25%, 28%
and 35%, respectively (Markum et al. 2013). Previous
research on this area have been focused on biodiversity
(Shavira et al. 2020), plant species diversity and carbon
stocks in various types of forest cover (Markum et al.
2013), and the social economy and the ecological function
of the Sesaot forest (Markum et al. 2021). No study has
been conducted to look at the impacts of forest changes on
surface water runoff in the Jangkok Watershed.

Therefore, this study aimed to evaluate the amount of
surface runoff in various types of forest vegetation cover in
the Jangkok Watershed, Lombok Island. In doing so, we
investigated several variables related to vegetation cover,
namely forest vegetation type, density of vegetation, slope,
rainfall, soil texture and soil organic content. We expected
the results of this study can be used to develop strategies to
support sustainable natural resource management in
Jangkok Watershed and Lombok Island to more broadly.

MATERIALS AND METHODS

Study period and area

The research was carried out in November 2022-
January 2023. The research location was in Jangkok
Watershed (116°20°-116°31’E and 8°43°-8°49°S) which has
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altitude between 250-650 meters above sea level (Figure 1).
Administratively, Jangkok Watershed is located in West
Lombok District and Mataram City, West Nusa Tenggara
Province, Indonesia.

Data collection procedures

We established observation plots to measure surface
runoff on six types of forest cover, namely: Primary Forest
(PF), Disturbed Forest (DF), Mahogany Woodlot (MW),
Candlenut Agroforestry (CA), Multistrata Agroforestry
(MA) and Simple Agroforestry (SA). For each forest type,
we established three observation plots, resulting a total of
18 observation plots. Tools used in the research included
apron (gutter), chinometer, ombrometer, measuring cup,
jerry can or plastic bottle, 30 cm wide zinc, water scoop,
ruler, and plastic hose of 1 cm in diameter.

The general shape of the observation plot is rectangular,
following the direction of the slope. The top and sides of
the plot were lined with zinc with a height of 30 cm, where
some zincs were planted vertically into the ground to avoid
water entering from outside the plot. Each plot had a water
storage tank (apron) with a capacity of 125 mm. The apron
was covered with plastic to prevent rain water entering it. If
the apron was full, the surface runoff flowed into the
ombrometer and part of the flow in the chinometer flowed
into the jerry cans/plastic bottles via the chinometer splitter
(Figure 2). We measured the amount of rainfall, volume of
water in the apron (gutter) and the volume of water through
the chinometer stored in the jerry can. Observations and
data collection were carried out at 8-10 am every day for
92 days from November 2022 to January 2023.
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Figure 1. Map of studied area and observation plots on various types of forest cover in the Jangkok Watershed, West Lombok District,

Lombok Island, Indonesia
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Figure 2. Surface runoff observation plot, top view (A) and side
view (B). Notes: a: plot; b: apron; c: chinometer; d: splitter; e:
plastic bottles/jerry cans

Data analysis
Volume of surface water flow

The total volume of water collected in the apron and
collected in jerry cans via the chinometer describes the
surface runoff that occured in each plot. Surface runoff data
was calculated using the surface runoff coefficient. Surface
runoff for each rain event was calculated by formula
(Dariah et al. 2004):

Rt = Rg + (Rc x Fc)

Where, Rt: Total surface runoff volume; Rg: Volume of
surface runoff collected in the apron; Rc: Volume of water
stored in the jerry can; Fc: Conversion factor, which is a
value that represents the volume of water that passes
through.

Surface runoff coefficient
Surface runoff coefficient was calculated by the
following formula:

Surface Runoff Coefficient (SRC) = (Rt/Rh) x 100%

Where, SRC: Surface runoff coefficient (0-100%); Rt:
Total surface runoff volume (mm); Rh: Total volume of
rainwater on the plot (mm).

RESULTS AND DISCUSSION

Types of forest cover

Based on the results of observations, forest cover is
classified as dense to very dense with vegetation cover
ranging from 50-90%. Some forest cover is only dominated
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by one type of tree, for example in MW and CA, and SA,
while PF, DF, and MA have a diverse tree species
composition (Table 1).

Rainfall

Rainfall at the research location during November 2022
- January 2023 ranged from 503 mm to 838 mm per month,
with the total of 1.851 mm for three months (Figure 3). The
highest amount of rainfall is found in PF and the lowest in
SA, while the number of rainy days ranges from 20-26
days per month, where MA and SA have a greater number
of rainy days compared to other land uses.

From the results of observations in all research plots
during November 2022 for the first 6 days of rain, it shows
that surface runoff never flows through the chinometer, so
that the amount of water collected in the observation apron
never exceeds 125 mm (Figure 4).

Surface runoff

The result of measurement shows that Primary Forest
(PF) has the smallest surface runoff value (3.61+0.880%)
compared to other forest cover types. On the other hand,
Multistrata Agroforestry (MA) has the largest surface
runoff value (10.16+4.279%). Apart from the type of forest
cover, the surface runoff coefficient value is also likely to
be caused by the influence of rainfall and land slope factors
obtained in each observation plot with values between 0-
100% (Table 2).

Relationship between rainfall and surface runoff

The highest daily rainfall intensity was recorded in
November 2022 in Primary Forest (PF) at 120 mm with the
largest rainfall distribution (60%) found in rainfall between
0-20 mm, this condition can illustrate that the higher the
rainfall will increase surface runoff. The relationship between
CH and surface runoff has a sufficient level of correlation
(R2), namely between 0.59-0.67. Meanwhile, various types
of land cover in the Jangkok Watershed have varying
values for each land use (Figure 5). The amount of rainfall
in PF is higher than other land uses. One of the contributing
factors is the greater amount of rainfall with a rainfall value
of more than 80 mm compared to other land uses.

Based on Figure 5, it confirms that the surface runoff
coefficient value in the PF, DF, MA, MW forest cover is in
the range of 0-5% at the CH interval 0-100 mm/day.
Meanwhile in CA and SF, LP is in the range of 0-9% at the
same CH interval. The relatively higher LP values in the
two forest covers (SF and CA) are due to sparser vegetation
cover compared to other forest covers (PF, DF, MA and
MW). Vegetation cover can be seen from the different
plant biomass values. The research results of Markum et al.
(2013) illustrate that there are differences in the amount of
plant biomass between the six covers, each of which is (in
tonnes/ha) PF: 375, DF: 178, MW: 389, CA: 118, MA: 95,
and SA: 11.
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Table 1. Classification and description of forest cover type in Jangkok Watershed, Lombok Island, Indonesia

Canopy/Vegetation Tree

Forest Cover Type Cover Height Description of Vegetation
% Category (m)
Primary Forest (PF)  80-90  Very dense 15-25 Trees are very diverse, multi-stratum (5 strata). Strata 1-2 consists of trees

with a height of 15-30 m (DBH>30 cm), the third stratum consists of trees
with a height of 5-15 m (DBH=5-30 cm), the fourth stratum consists of
shrubs and vines, the fifth stratum consists of ferns.

Disturbed Forest 80-90  Verydense 10- 20 Same as PF, but the height of the main plant (strata 1-2) is lower.

(DF)

Mahogany 70-85  Dense 15-25 The dominant plant (stratum 1) is Swietenia mahagoni, stratum 2 consists of

Woodlot (MW) Coffea arabica and fruit tree species, and stratum 3 consists of shrubs and
ferns.

Candlenut 65-75  Quite dense 15-25 The dominant plant (stratum 1) is Aleurites moluccanus, stratum 2 is a

Agroforestry (CA) mixture of Erythrina variegata, fruit tree species, Musa paradisiaca, and
stratum 3 is ferns, grasses and shrubs.

Multistrata 70-80 Dense 10-25 Stratum 1 consists of Swietenia mahagoni and Durio zibethinus with a

Agroforestry (MA) height of 20-30 m, stratum 2 consists of Artocarpus heterophyllus and

Erythrina variegata, stratum 3 consists of Theobroma cacao and Coffea
arabica, stratum 4 consist of shrubs.

Simple 40-50  Less dense 5-20 Stratum 1 consists of Aleurites moluccanus and Erythrina variegata,

Agroforestry (SA) stratum 2 consists of Albizia chinensis, Musa paradisiaca and fruit plants
(Durio zibethinus, Garcinia mangostana, Persea americana, Artocarpus
heterophyllus, Nephelium lappiceum, Arenga pinnata, Coffea canephora,
and Theobroma caca), stratum 3 consists of bushes and grass.

Table 2. Surface runoff on various forest cover types in Jangkok Watershed, Lombok Island, Indonesia

Total Rainfall Surface Runoff Average of Surface Runoff
Forest Cover (mm/month) Average of Slope (%) Coefficient (%) (%)+Standard Deviation
Primary Forest (PF) 2207 21.33 0.6-1.4 3.61+0.880
Disturbed Forest (DF) 1746 21.33 0.6-1.7 5.67+1.994
Mahogany Woodlot (MW) 1704 26.33 0.6-2.1 5.76+2.374
Candlenut Agroforestry (CA) 1913 15.67 1.8-4.3 6.58+2.174
Multistrata Agroforestry (MA) 1934 22.67 0.6-1.7 10.16+4.279
Simple Agroforestry (SA) 1553 20.67 1.0-2.2 7.58+2.642
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Discussion

The results of the research show that the vegetation in
the Jangkok Watershed forest area has a dense canopy and
is composed of multi-tiered plant structures (multistrata)
which have a good ability to retain rainwater and reduce
surface runoff. This is supported by the study by Ai et al.
(2017) in the steep slope forest area of the Chinese Loess
Plateau which found that forest with various strata (trees,
shrubs, and grass) inhibits surface runoff and
sedimentation.

Primary forest and disturbed primary forest in Jangkok
Watershed (locally called Sesaot forest) have very dense
vegetation, resulting the ground surface has a low light
intensity. The space between the ground surface and the
vegetation cover above is very short (1.0-1.5 m) due to the
large number of vines and shrubs. Mahogany woodlot and
candlenut agroforestry have dense canopy cover, but the
difference is that they have quite a large space between the
ground surface and the canopy (5-10 m), because the
vegetation cover is dominated by one type of mahogany or
candlenut tree. Meanwhile, multistrata agroforestry have
more varied plant species (Negash et al. 2022) with a more
multi-tiered plant structure, such as in primary forest and
disturbed primary forest, thus allowing for greater
resistance of rain water to reach ground surface.

Candlenut agroforestry is dominated by Aleurites
moluccanus, which has a large canopy width (5-10 m), but
has relatively small leaves and branches that are not dense,
so there is more open space than in multistrata agroforestry
forests. This condition allows sufficient sunlight under the
stands, facilitating several types of multipurpose tree
species and food crops, such as cassava (Manihot
esculenta) and chilies (Capsicum annuum), to grow well.
Simple agroforestry has a less dense canopy cover (50-
60%), but underneath it grows lots of shrubs and grass.

Based on the classification of the United States
Department of Agriculture (USDA), Sadovski and Ivanova
(2020) and lgaz et al. (2020), the soil texture in the
Jangkok Watershed area is classified as sandy clay loam
and sandy loam. These sandy soils have large size with
macro pore space, high porosity and and low water holding
capacity, resulting in they are well aerated, easily absorbs
water and have fast percolation and good drainage (Kay
2018). In the study area, the high water absorption ability is
especially prominent in the simple agroforestry because it
contains a high sand component (Le Bissonnais et al. 2018;
Pourmohammadali et al. 2019).

Time and forest types show similar rainfall intervals
with different surface runoff distributions in November
2022, December 2022, and January 2023. The cumulative
distribution of surface runoff values increases over time.
This condition can result in a process of soil saturation
which is influenced by constant rainfall intensity and has
an effect on increasing surface runoff. In addition, the
results show that rainfall patterns are not always directly
proportional to surface runoff values in various types of
forest cover in the Jangkok Watershed. This can be seen in
conditions where increasing rainfall intensity tends to
produce higher surface runoff, compared to rainfall that
falls intermittently (Miao et al. 2020; Dunkerley 2021;
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Islam et al. 2021). On the other hand, rainfall with high
intensity and falling in a short period of time is more at risk
of producing higher surface runoff compared to low
intensity rainfall over a longer period (Yang et al. 2021;
Carra et al. 2022; Wei et al. 2023).

Surface water runoff in Jangkok Watershed across
various forest types can be influenced by the slope, rainfall
and vegetation characteristics. This is supported by Qur’ani
et al. (2022) that forest with slopes of 0-8% produce greater
infiltration rate values than those with slopes of 8%-23%.
In addition, Azuka and Igué (2020) and Jourgholami et al.
(2020) reported that the density and planting layout in
forest areas can influence the length of surface flow paths.
As reported by Virlayani et al. (2021) the speed of surface
water runoff in sub-watershed forest areas of Malang
District is 56.33 mm/second in the area without vegetation,
54.00 mm/second in the straight planting system, and 52.83
mm/second in the zig-zag planting system.

In November 2022, the surface runoff value in all forest
types is the smallest, compared to the other two months,
even though this month has the highest amount of rainfall.
The total surface runoff increases in December 2022 and
the highest surface runoff is in January 2023. The low
surface runoff in November 2022 is caused by the
condition of the soil which is still relatively dry, because
the rainy season has just begun that month. Dry soil
conditions have pores that are still filled with a lot of air
and the soil is still not saturated, so water can quickly be
absorbed into the soil (Azuka and Igué 2020; Jourgholami
et al. 2020). This result is in line with the research by
Kabelka et al. (2019) in hop garden Solopysky Village,
Czech Republic and Parhizkar et al. (2021) in Saravan
Forest Park, Guilan province, Iran that wet or dry soil
conditions during rain greatly influence the amount of
surface runoff, where in dry soil conditions many soil
macro pores are filled with air which allows a lot of
rainwater infiltrates.

The surface runoff value across forest types in the
Jangkok Watershed ranges 3.61+0.880%-10.16+4.279%.
The surface runoff value on PF, DF, MW, and CA, which
ranges 3.61+0.880%-6.58+2.174%, is relatively small
which can be influenced by differences in vegetation types,
structure and density, period and intensity of rain, slope
and physical properties of the soil in each forest cover type
in the Jangkok Watershed. The surface runoff value for the
Jangkok Watershed is lower than the research results of
Anggiarini and Anggraheni (2023) in the Mampang
watershed area, East Jakarta with a surface runoff value of
61%. Meanwhile, a study by Suhartanto et al. (2012) in the
Sesaot forest which uses modeling based on river discharge
data collected with automatic water level recorder, obtained
an average of surface runoff value is 16%. The large
difference is expected because the location of automatic
water level recorder research site is in the downstream area
of the Sesaot forest.

Surface runoff will increase with increasing rainfall
period and intensity (Ran et al. 2012; Wei et al. 2014;
Nasiry et al. 2023). On the other hand, the surface runoff
value is not always linear with the amount of rainfall that
occurs in the Jangkok Watershed forest area. This can be
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caused by the length of raining period. The tendency is
shorter raining period causes the amount of surface runoff
to be greater, so that the distribution of data on rainfall
values and their relationship with surface runoff values is
quite varied between the amount of rainfall and surface
runoff.

Surface runoff coefficient Jangkok Watershed varied
across various forest types with the lowest values is in
primary forest (0.6-1.4%), followed by disturbed forest
(0.6-1.7%), multistrata agroforestry (0.6-1.7%), mahogany
woodlot (0.6-2.1%), simple agroforestry (1.0-2.2%) and
candlenut agroforestry (1.8-4.3%). This result is in
accordance with research by Wang et al. (2016) in the
North Shaanxi forest area with a slope of 11°-40° showing
the lowest surface runoff values in homogeneous forest
vegetation. In addition, Feng et al. (2016) reported that the
type of forest vegetation found in the northern part of
Yan'an China can influence surface runoff and the artificial
grassland is an appropriate choice on land slope gradients
between 5°-15°.

There are several factors that are considered influential
in determining the value of surface runoff at the research
location, including: physical properties of the soil
(Hernandez-Crespo et al. 2019; Kreiling et al. 2021; Yin et
al. 2021; Amiri et al. 2023), rainfall intensity (Morbidelli et
al. 2018; Hou et al. 2019; Ewane and Lee 2020), vegetation
cover and structure (Wang et al. 2016; Ai et al. 2017), litter
(Lee et al. 2018; Shi and Schulin 2018; Wolka et al. 2021),
and land slope (Chen et al. 2018; Ding et al. 2022; Kulik
and Gordienko 2022).

Land use changes might affect litter thickness which
can influence the amount of surface runoff. The higher the
litter thickness, the higher the soil organic matter, which
also tends to be followed by a decrease in surface runoff.
This especially occurs in the Primary Forest (PF),
Disturbed Forest (DF), Mahogany Woodlot (MW),
multistrata agroforestry (MA and) and Simple Agroforestry
(SA). Soil organic content and litter thickness influence the
amount of surface runoff and soil infiltration (Evans et al.
2020; Le et al. 2020; Saputra et al. 2022). The result of this
research is in line with the report by Hairiah et al. (2004) in
the Sumberjaya Lampung forest area which found litter
thickness between 1.24-2.5 Mg/ha. Litter thickness at the
research location is 1.8-5.8 Mg/ha which is included in the
high category. Apart from that, denser plants are also able
to increase soil organic content, thereby increasing soil
fertility and supporting sustainable land management
practices (Wolka et al. 2021; Li et al. 2022; He et al. 2023).

In conclusion, the high and low values of surface runoff
obtained in the Jangkok Watershed forest area in various
forest types (i.e., primary forest, disturbed forest, candlenut
agroforestry, mahogany woodlot, multistrata agroforestry,
and simple agroforestry) can be caused by vegetation type,
structure and density, period and intensity of rain, slope,
and physical properties of the soil. Nonetheless, the
findings of this study suggest that a more complex
vegetation, such as in primary and disturbed forest, have
important roles in minimizing surface runoff, implying the
importance of preserving and protecting this forest type to
maintain hydrologycal function of watershed.

759

REFERENCES

Ai N, Wei T, Zhu Q, Qiang F, Ma H, Qin W. 2017. Impacts of land
disturbance and restoration on runoff production and sediment yield
in the Chinese Loess Plateau. J Arid Land 9 (1): 76-86. DOI:
10.1007/540333-016-0088-6.

Amiri SN, Khoshravesh M, Valashedi RN. 2023. Assessing the effect of
climate and land use changes on the hydrologic regimes in the
upstream of Tajan river basin using SWAT model. Appl Water Sci 13
(6): 130. DOI: 10.1007/513201-023-01932-3.

Anand J, Gosain AK, Khosa R. 2018. Prediction of land use changes
based on Land Change Modeler and attribution of changes in the
water balance of Ganga basin to land use change using the SWAT
model. Sci Total Environ 644: 503-519. DOI:
10.1016/j.scitotenv.2018.07.017.

Anggiarini A, Anggraheni E. 2023. Kajian limpasan permukaan pada
DAS Mampang menggunakan model SWAT. Teras 13 (1): 289. DOI:
10.29103/tj.v13i1.864. [Indonesian]

Azuka CV, Igué AM. 2020. Surface runoff as influenced by slope position
and land use in the Koupendri catchment of northwest Benin: Field
observation and model validation. Hydrol Sci J 65 (6): 995-1004.
DOI: 10.1080/02626667.2020.1729360.

Basche AD, DelLonge MS. 2019. Comparing infiltration rates in soils
managed with conventional and alternative farming methods: A meta-
analysis. PLo0S One 14 9): €0215702. DOI:
10.1371/journal.pone.0215702.

Carra BG, Bombino G, Lucas-Borja ME, Plaza-Alvarez PA, D’ Agostino
D, Zema DA. 2022. Prescribed fire and soil mulching with fern in
Mediterranean forests: Effects on surface runoff and erosion. Environ
Eng 176: 106537. DOI: 10.3390/hydrology8030095.

Chaubey PK, Srivastava PK, Gupta A, Mall RK. 2021. Integrated
assessment of extreme events and hydrological responses of Indo-
Nepal Gandak River Basin. Environ Dev Sustain 23: 8643-8668.
DOI: 10.1007/s10668-020-00986-6.

Chen H, Zhang X, Abla M, LU D, Yan R, Ren Q, Ren Z, Yang Y, Zhao
W, Lin P. 2018. Effects of vegetation and rainfall types on surface
runoff and soil erosion on steep slopes on the Loess Plateau, China.
Catena 170: 141-149. DOI: 10.1016/j.catena.2018.06.006.

Chen 'Y, Fu B, Zhao Y, Wang K, Zhao MM, Ma J, Wu J-H, Xu C, Liu W,
Wang H. 2020. Sustainable development in the Yellow River Basin:
Issues and strategies. J Clean Prod 263: 121223. DOI:
10.1016/j.jclepro.2020.121223.

Demissie TA. 2022. Land use and land cover change dynamics and its
impact on watershed hydrological parameters: The case of Awetu
watershed, Ethiopia. J Sediment Environ 7 (1): 79-94. DOI:
10.1007/s43217-021-00084-1.

Ding B, Zhang Y, Yu X, Jia G, Wang Y, Wang Y, Zheng P, Li Z. 2022.
Effects of forest cover type and ratio changes on runoff and its
components. Intl Soil Water Conserv Res 10 (3): 445-456. DOI:
10.1016/j.iswcr.2022.01.006.

Dogan FN, Karpuzcu ME. 2022. Effect of land use change on hydrology
of forested watersheds. Ecohydrology 15 (1): e2367. DOI:
10.1002/ec0.2367.

Dos Santos JCN, De Andrade EM, Medeiros PHA, Guerreiro MJS, De
Queiroz PHA. 2017. Effect of rainfall characteristics on runoff and
water erosion for different land uses in a tropical semiarid region.
Water Resour Manag 31 (1): 173-185. DOI: 10.1007/s11269-016-
1517-1.

Dunkerley D. 2021. The importance of incorporating rain intensity
profiles in rainfall simulation studies of infiltration, runoff production,
soil erosion, and related landsurface processes. J Hydrol 603: 126834.
DOI: 10.1016/j.jhydrol.2021.126834.

Evans LR, Pierson D, Lajtha K. 2020. Dissolved organic carbon
production and flux under long-term litter manipulations in a Pacific
Northwest old-growth forest. Biogeochemistry 149 (1): 75-86. DOI:
10.1007/510533-020-00667-6.

Ewane BE, Lee HH. 2020. Assessing land use/land cover change impacts
on the hydrology of Nyong River Basin, Cameroon. J Mt Sci 17 (1):
50-67. DOI: 10.1007/s11629-019-5611-8.

Felipe-Lucia MR, Soliveres S, Penone C, Fischer M, Ammer C, Boch S,
Boeddinghaus RS, Bonkowski M, Buscot F, Fiore-Donno AM. 2020.
Land-use intensity alters networks between biodiversity, ecosystem
functions, and services. Proc Natl Acad Sci 117 (45): 28140-28149.
DOI: 10.1073/pnas.2016210117.



760

Feng Q, Zhao W, Wang J, Zhang X, Zhao M, Zhong L, Liu Y, Fang X.
2016. Effects of different land-use types on soil erosion under natural
rainfall in the Loess Plateau, China. Pedosphere 26 (2): 243-256.
DOI: 10.1016/S1002-0160(15)60039-X.

Fortugno D, Boix-Fayos C, Bombino G, Denisi P, Quifionero RIM,
Tamburino V, Zema DA. 2017. Adjustments in channel morphology
due to land-use changes and check dam installation in mountain
torrents of Calabria (southern Italy). Earth Surf Process Landf 42
(14): 2469-2483. DOI: 10.1002/esp.4197.

Guzha AC, Rufino MC, Okoth S, Jacobs S, Nébrega RLB. 2018. Impacts
of land use and land cover change on surface runoff, discharge and
low flows: Evidence from East Africa. J Hydrol 15: 49-67. DOI:
10.1016/j.ejrh.2017.11.005.

Hairiah K, Suprayogo D, Suhara E, Mardiastuning A, Widodo RH,
Prayogo C. 2004. Alih guna lahan hutan menjadi lahan agroforestri
berbasis kopi: Ketebalan seresah, populasi cacing tanah dan
makroporositas tanah. Agrivita 28 (3): 298-309. [Indonesian]

He Q, Li B, Zhang F, Shen N, Yang M. 2023. Runoff and infiltration
responses of revegetated slopes to clipping management on the
northern Loess Plateau. Intl Soil Water Conserv Res 12 (1): 171-183.
DOI: 10.1016/j.iswcr.2023.02.004.

Helen, Jarzebski MP, Gasparatos A. 2019. Land use change, carbon stocks
and tree species diversity in green spaces of a secondary city in
Myanmar, Pyin Oo Lwin. PloS One 14 (11): e0225331. DOI:
10.1371/journal.pone.0225331.

Hernandez-Crespo C, Fernandez-Gonzalvo M, Martin M, Andrés-
Doménech 1. 2019. Influence of rainfall intensity and pollution build-
up levels on water quality and quantity response of permeable
pavements. Sci  Total Environ 684: 303-313. DOl
10.1016/j.scitotenv.2019.05.271.

Hou J, Zhang Y, Tong Y, Guo K, Qi W, Hinkelmann R. 2019.
Experimental study for effects of terrain features and rainfall intensity
on infiltration rate of modelled permeable pavement. J Environ
Manag 243: 177-186. DOI: 10.1016/j.jenvman.2019.04.096.

Igaz D, Aydin E, Sinkovi¢ova M, Simansky V, Tall A, Horak J. 2020.
Laser diffraction as an innovative alternative to standard pipette
method for determination of soil texture classes in central Europe.
Water 12 (5): 1232. DOI: 10.3390/w12051232.

Islam MA, Islam MS, Chowdhury ME, Badhon FF. 2021. Influence of
vetiver grass (Chrysopogon zizanioides) on infiltration and erosion
control of hill slopes under simulated extreme rainfall condition in
Bangladesh. Arab J Geosci 14 (2): 119. DOI: 10.1007/s12517-020-
06338-y.

Jourgholami M, Karami S, Tavankar F, Lo Monaco A, Picchio R. 2020.
Effects of slope gradient on runoff and sediment yield on machine-
induced compacted soil in temperate forests. Forests 12 (1): 49. DOI:
10.3390/f12010049.

Kabelka D, Kincl D, Jane¢ek M, Vopravil J, Vrablik P. 2019. Reduction
in soil organic matter loss caused by water erosion in inter-rows of
hop gardens. Soil Water Res 14 (3): 172-182. DOIL:
10.17221/135/2018-SWR.

Kay BD. 2018. Soil structure and organic carbon: A review. In: Lal R,
Kimble JM, Follett RF, Stewart BA (eds). Soil Processes and the
Carbon Cycle. CRC Press, Boca Raton. DOI:
10.1201/9780203739273-13.

Kreiling RM, Bartsch LA, Perner PM, Hlavacek EJ, Christensen VG.
2021. Riparian forest cover modulates phosphorus storage and
nitrogen cycling in agricultural stream sediments. Environ Manag 68
(2): 279-293. DOI: 10.1007/s00267-021-01484-9.

Kulik AV, Gordienko OA. 2022. Conditions of snowmelt runoff
formation on slopes in the South of the Volga Upland. Eurasian Soil
Sci 55 (1): 36-44. DOI: 10.1134/S1064229322010094.

Law BE, Hudiburg TW, Berner LT, Kent JJ, Buotte PC, Harmon ME.
2018. Land use strategies to mitigate climate change in carbon dense
temperate forests. Proc Natl Acad Sci USA 115 (14): 3663-3668.
DOI: 10.1073/pnas.1720064115.

Le Bissonnais Y, Prieto I, Roumet C, Nespoulous J, Metayer J, Huon S,
Villatoro M, Stokes A. 2018. Soil aggregate stability in
Mediterranean and tropical agro-ecosystems: Effect of plant roots and
soil characteristics. Plant Soil 424: 303-317. DOI: 10.1007/s11104-
017-3423-6.

Le HT, Rochelle-Newall E, Ribolzi O, Janeau JL, Huon S, Latsachack K,
Pommier T. 2020. Land use strongly influences soil organic carbon
and bacterial community export in runoff in tropical uplands. Land
Degrad Dev 31 (1): 118-132. DOI: 10.1002/Idr.3433.

BIODIVERSITAS 25 (2): 753-761, February 2024

Lee C-H, Wang C-C, Lin H-H, Lee SS, Tsang DC, Jien S-H, Ok YS.
2018. In-situ biochar application conserves nutrients while
simultaneously mitigating runoff and erosion of an Fe-oxide-enriched
tropical soil. Sci Total Environ 619: 665-671. DOI:
10.1016/j.scitotenv.2017.11.023.

Leung AK, Boldrin D, Liang T, Wu ZY, Kamchoom V, Bengough AG.
2018. Plant age effects on soil infiltration rate during early plant
establishment. ~ Géotechnique 68  (7):  646-652.  DOI:
10.1680/jgeot.17.T.037.

Li M, Cao X, Liu D, Fu Q, Li T, Shang R. 2022. Sustainable management
of agricultural water and land resources under changing climate and
socio-economic conditions: A multi-dimensional optimization
approach.  Agric  Water Manag 259: 107235. DOI:
10.1016/j.agwat.2021.107235.

Liu J, Gao G, Wang S, Jiao L, Wu X, Fu B. 2018. The effects of
vegetation on runoff and soil loss: Multidimensional structure
analysis and scale characteristics. J Geogr Sci 28 (1): 59-78. DOI:
10.1007/s11442-018-1459-z.

Markum M, Ariesoesiloningsih E, Suprayogo D, Hairiah K. 2013.
Contribution of agroforestry system in maintaining carbon stocks and
reducing emission rate at Jangkok Watershed, Lombok Island.
Agrivita 35 (1): 54-63. DOI: 10.17503/agrivita.v35i1.262.

Markum M, Ichsan AC, Saputra M, Lestari AT, Anugrah G. 2021. The
patterns of agroforestry: The implementation and its impact on local
community income and carbon stock in Sesaot Forest, Lombok,
Indonesia. IOP Conf Ser Earth Environ Sci 917: 012043. DOI:
10.1088/1755-1315/917/1/012043.

Miao C, Zheng H, Jiao J, Feng X, Duan Q, Mpofu E. 2020. The changing
relationship between rainfall and surface runoff on the Loess Plateau,
China. J Geophys Res Atmos 125 (8): €2019JD032053. DOI:
10.1029/2019JD032053.

Morbidelli R, Saltalippi C, Flammini A, Govindaraju RS. 2018. Role of
slope on infiltration: A review. J Hydrol 557: 878-886. DOI:
10.1016/j.jhydrol.2018.01.019.

Nasiry MK, Said S, Ansari SA. 2023. Analysis of surface runoff and
sediment yield under simulated rainfall. Model Earth Syst Environ 9
(1): 157-173. DOI: 10.1007/s40808-022-01471-x.

Negash M, Kaseva J, Kahiluoto H. 2022. Determinants of carbon and
nitrogen sequestration in multistrata agroforestry. Sci Total Environ
851: 158185. DOI: 10.1016/j.scitotenv.2022.158185.

Noldeke B, Winter E, Laumonier Y, Simamora T. 2021. Simulating
agroforestry adoption in rural Indonesia: The potential of trees on
farms for livelihoods and environment. Land 10 (4): 385. DOI:
10.3390/1and10040385.

Parhizkar M, Shabanpour M, Lucas-Borja ME, Zema DA, Li S, Tanaka N,
Cerda A. 2021. Effects of length and application rate of rice straw
mulch on surface runoff and soil loss under laboratory simulated
rainfall. Intl J Sediment Res 36 (4): 468-478. DOI:
10.1016/j.ijsrc.2020.12.002.

Peters MK, Hemp A, Appelhans T, Becker JN, Behler C, Classen A,
Detsch F, Ensslin A, Ferger SW, Frederiksen SB. 2019. Climate-land-
use interactions shape tropical mountain biodiversity and ecosystem
functions. Nature 568 (7750): 88-92. DOI: 10.1038/s41586-019-
1048-z.

Pourmohammadali B, Hosseinifard SJ, Salehi MH, Shirani H, Boroujeni
IE. 2019. Effects of soil properties, water quality and management
practices on pistachio yield in Rafsanjan region, southeast of Iran.
Agric Water Manag 213: 894-902. DOI:
10.1016/j.agwat.2018.12.005.

Qur’ani NPG, Harisuseno D, Fidari JS. 2022. Studi pengaruh kemiringan
lereng terhadap laju infiltrasi. Jurnal Teknologi dan Rekayasa Sumber
Daya Air 2 (1): 242-254. DOI: 10.21776/ub.jtresda.2022.002.01.19.
[Indonesian]

Ramesh T, Bolan NS, Kirkham MB, Wijesekara H, Kanchikerimath M,
Rao CS, Sandeep S, Rinklebe J, Ok Y'S, Choudhury BU. 2019. Soil
organic carbon dynamics: Impact of land use changes and
management practices: A review. Adv Agron 156: 1-107. DOI:
10.1016/bs.agron.2019.02.001.

Ran Q, Su D, Li P, He Z. 2012. Experimental study of the impact of
rainfall characteristics on runoff generation and soil erosion. J Hydrol
424-425: 99-111. DOI: 10.1016/j.jhydrol.2011.12.035.

Ren X, Hong N, Li L, Kang J, Li J. 2020. Effect of infiltration rate
changes in urban soils on stormwater runoff process. Geoderma 363:
114158. DOI: 10.1016/j.geoderma.2019.114158.

Sadeghi SHR, Khazayi M, Mirnia SK. 2022. Effect of soil surface
disturbance on overland flow, sediment yield, and nutrient loss in a



MARKUM & RAHMAN - Surface runoff in varying forest cover types 761

hyrcanian deciduous forest stand in Iran. Catena 218: 106546. DOI:
10.1016/j.catena.2022.106546.

Sadovski A, lvanova M. 2020. Transformation of soil texture schemes and
determination of water-physical properties of soils. Eurasian J Soil
Sci 9 (4): 306-313. DOI: 10.18393/ejss.760201.

Saputra DD, Sari RR, Hairiah K, Widianto, Suprayogo D, van Noordwijk
M. 2022. Recovery after volcanic ash deposition: Vegetation effects
on soil organic carbon, soil structure and infiltration rates. Plant Soil
474 (1-2): 163-179. DOI: 10.1007/s11104-022-05322-7.

Shavira RA, Husamah H, Fatmawati D, Fauzi A, Miharja FJ. 2020.
Structure and composition of vegetation in sesaot protected forest
nature tourism in West Lombok-West Nusa Tenggara. Indones J
Biotechnol Biodivers 4 (2): 89-105. DOI: 10.47007/ijobb.v4i2.67.

Shi P, Schulin R. 2018. Erosion-induced losses of carbon, nitrogen,
phosphorus and heavy metals from agricultural soils of contrasting
organic matter management. Sci Total Environ 618: 210-218. DOI:
10.1016/j.scitotenv.2017.11.060.

Soleimani A, Hosseini SM, Bavani ARM, Jafari M, Francaviglia R. 2019.
Influence of land use and land cover change on soil organic carbon
and microbial activity in the forests of northern Iran. Catena 177: 227-
237.DOI: 10.1016/j.catena.2019.02.018.

Srivastava R, Mohapatra M, Latare A. 2020. Impact of land use changes
on soil quality and species diversity in the Vindhyan dry tropical
region of India. J Trop Ecol 36 (2): 72-79. DOI:
10.1017/S0266467419000385.

Suhartanto E, Priyantoro D, Itratip I. 2012. Studi penilaian kondisi das dan
implikasinya terhadap fluktuasi debit sungai (Studi kasus pada sub
das Jangkok Pulau Lombok). Jurnal Teknik Pengairan 3 (1): 1-5.
[Indonesian]

Suprayogo D, van Noordwijk M, Hairiah K, Meilasari N, Rabbani AL,
Ishag RM, Widianto W. 2020. Infiltration-friendly agroforestry land
uses on volcanic slopes in the Rejoso Watershed, East Java,
Indonesia. Land 9 (8): 240. DOI: 10.3390/1and9080240.

Van Noordwijk M, Ekadinata A, Leimona B, Catacutan D, Martini E, Tata
HL, Oborn 1, Hairiah K, Wangpakapattanawong P, Mulia R. 2020.
Agroforestry options for degraded landscapes in Southeast Asia. In:
Dagar JC, Gupta SR, Teketay D (eds). Agroforestry for Degraded

Landscapes: Recent Advances and Emerging Challenges. Springer,
German. DOI: 10.1007/978-981-15-4136-0_11.

Virlayani A, Muharram R, Muhfadz YA. 2021. Pengaruh variasi tata
tanam Napier grass dan kemiringan lereng terhadap laju limpasan (uji
laboratorium).  Teknik  Hidro 14  (2): 63-72. DOI:
10.26618/th.v14i2.6117. [Indonesian]

Wang J, Bai J, Zhao Q, Lu Q, Xia Z. 2016. Five-year changes in soil
organic carbon and total nitrogen in coastal wetlands affected by
flow-sediment regulation in a Chinese delta. Sci Rep 6 (1): 21137.
DOI: 10.1038/srep21137.

Wang S, Fu Z, Chen H, Nie Y, Xu Q. 2020. Mechanisms of surface and
subsurface runoff generation in subtropical soil-epikarst systems:
Implications of rainfall simulation experiments on karst slope. J
Hydrol 580: 124370. DOI: 10.1016/j.jhydrol.2019.124370.

Wei B, Li Z, Duan L, Gu Z, Liu X. 2023. Vegetation types and rainfall
regimes impact on surface runoff and soil erosion over 10 years in
karst hillslopes. Catena. 232: 107443. DOL:
10.1016/j.catena.2023.107443.

Wei W, Jia F, Yang L, Chen L, Zhang H, Yu Y. 2014. Effects of surficial
condition and rainfall intensity on runoff in a loess hilly area, China. J
Hydrol 513: 115-126. DOI: 10.1016/j.jhydrol.2014.03.022.

Wolka K, Biazin B, Martinsen V, Mulder J. 2021. Soil and water
conservation management on hill slopes in Southwest Ethiopia. I.
Effects of soil bunds on surface runoff, erosion and loss of nutrients.
Sci Total Environ 757: 142877. DOl:
10.1016/j.scitotenv.2020.142877.

Yang L, Li J, Zhou K, Feng P, Dong L. 2021. The effects of surface
pollution on urban river water quality under rainfall events in Wuging
district, Tianjin, China. J Clean Prod 293: 126136. DOI:
10.1016/j.jclepro.2021.126136.

Yin D, Xue ZG, Warner JC, Bao D, Huang Y, Yu W. 2021.
Hydrometeorology and hydrology of flooding in Cape Fear River
basin during hurricane florence in 2018. J Hydrol 603: 127139. DOI:
10.1016/j.jhydrol.2021.127139.

Zhao L, Hou R, Wu F, Keesstra S. 2018. Effect of soil surface roughness
on infiltration water, ponding and runoff on tilled soils under rainfall
simulation experiments. Soil Tillage Res 179: 47-53. DOI:
10.1016/j.still.2018.01.009.



