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Abstract: To determine the characteristics of runoff generation and soil erosion at the different ages 

of Acacia plantation in Luong Son headwater of Vietnam, four plots (15m2 plot-1) were set up. Of 

those, two plots were at up-hill and down-hill in 1-year-old and two plots in 5-years-old Acacia 

plantation. Soil erosion and runoff were monitored during rainy season from April to September 

2018. The main findings include: (1) Runoff coefficient at Acacia 1-year-old down and up ranged 

from 0.36% - 0.46% with the average 0.41%. Acacia 5-years-old, down and up was 0.35% - 0.39%, 

averaged 0.37%. It shows the slightly diffences between the locations of two years due to the 

different ground cover but not statistically significant different; (2). Soil erosion in Acacia-1 and 

Acacia-5 year old were 21.84 and 14.20 ton/ha/6months, respectively. The data for soil erosion was 

statistically significant different between two ages of Acacia plantation. Soil erosion at the study site 

was very high within strong erosion base on TCVN5299: 2009; (3) Both runoff and soil erosion had 

strong relationship with precipitation (R2 range from 0.52-0.85, with P-value = 0.00). This result 

suggests that more concerning and applying suitable management for reducing the negative impact 

of Acacia plantation at the headwater of Vietnam is necessary.  
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1. Introduction 

Soil loss induced by runoff in mountainous 
areas has long been recognized as a main cause 
of soil degradation as well as other down-stream 
water problems [1, 2]. Erosion is occurring 
strongly and seriously, every year, thousand tons 
of fertilized soil are washed away and then will 
be carried to the low land area by the river or 
stream [3]. It does not only directly affect the 
agroforestry production activities but also affect 
the environment and the life of the downstream 
communities as land degrades rapidly in all 
aspects: chemistry, physics, and biology [4].  

Soil erosion has been being an environmental 
concern in such countries as China and those 
bordering the Mediterranean Sea for millennia 
[5]. The potential of estimated soil loss is about 
0.38 mm/year. The most seriously affected 
region in the world is the Southeast Asia. It 
nearly 60% of present soil erosions are induced 
by human activity, global warming, the 
increasing trend of precipitation and population 
growth [2]. Erosion happens quite frequent in 
Asia, Africa and South America with the soil 
mass from 30 to 40 tons per hectare for every 
year.  In 1997 during the flood season on lower 
forest and floodplain in Cambodia, 84.6 million 
tons of soil were washed from the Lancing Jiang 
to the lower Mekong. The annual sediment load 
of the basin was estimated around 67 x 106 
tons/year at Chiang Saen [6]. 

Runoff generation and soil erosion mostly 
occur at the headwater area [7]. In recent years, 
the mountainous areas in Vietnam have lost a 
large amount of soil due to erosion. According to 
land use analyzed, Vietnam has about 25 million 
ha for steep land with huge potential for erosion, 
about 10 ton/ha/year [8]. According to 
systematic monitoring from 1960 until now, 
there is 10-20% of area affected by erosion from 
moderate to strong [1].  

Runoff and erosion are determined by a 
number of cite factors such as precipitation, soil 
properties, topography and especially vegetation 
cover [7, 9]. Many previous studies have proved 
the roles as well as the impacts of vegetation on 
protecting soil and water resources [7, 10-13]. In 
general, natural forest land has the ability to 

penetrate and retain water well due to its high 
water consumption, strong roots rooted deep into 
the soil, while natural forests also have a thick 
mater of thick soils, from which soil erosion was 
significantly reduced [14, 15]. In the past, many 
studies have found that in the forested 
watershed, ground flow and saturated overland 
flow were the main flows [14]. Further, there are 
many studies which found that the stems of 
plants can trap runoff then reduces the amount of 
soil eroded [16, 17].   However, in recent years, 
the large area of natural forest has been replaced 
by the low quality planted forest, and these forest 
can not well performed the function of soil 
protection and water regulation [3]. Under the 
poor ground cover condition, the impact of 
raindrop will be higher, the amount of runoff 
runoff and soil erosion will be larger [7,12,18, 19].  

Previous studies have also concluded that the 
ability to regulate water and reduce erosion 
varies depending on tree species, behind, the 
different ages of tree also determine the process 
of runoff generation and soil erosion in different 
ways [3, 20]. Runoff and soil erosion are also 
governed by the canopy cover. Forests with 
more layers have higher ability to retain water 
and soil than forest with just one canopy layer, 
the amount soil erosion will be three times 
higher than the forest with three canopy layers. 
The change in canopy cover may result in the 
change in understory vegetation, the amount of 
through fall and the impact of raindrop [7, 21].  

In Vietnam, about 24% of the forest area is 
planted forest, in which Acacia mangium is a 
popular crop, which brings high economic value 
[22]. Acacia mangium is a native species in 
northern Queensland (Australia), found in Iran 
Jaya, Maluku, Indonesia. This is a fast-growing 
species, which is widely used for various 
purposes such as timber, firewood, tannery, and 
agroforestry and soil improvement. From the 
economic and social benefits of Acacia, the 
Acacia plantation area is expected to increase 
every year. The area of plantation forest tends to 
increase annually [22]. In the mountainous areas 
of Vietnam, due to the sloping hilly terrain 
combined with large annual precipitation, 
surface runoff and erosion are serious issues in 
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the management of land and water resources. 
Additionally, the indigenous people are tending 
to growth more industrial plantation – especially 
Acacia as it can improve their livelihood. 
However, the lack of a database reflects the 
relationship between Acacia plantations and the 
generation of surface runoff and erosion in 
Vietnam, leading to difficulties and challenges in 
the development of plantation forest models to 
achieve the best environmental performance. To 
further clarify this issue, and present the 
solutions, we conducted this study on Runoff 
generation and soil erosion at different ages of 
Acacia plantation in Hoa Binh province, Vietnam. 

2. Study site and methods 

2.1. Study site 

The planted Acacia forests in Chanh village,  

Truong Son commune, Luong Son district, Hoa 

Binh province were chosen to be the monitored 

area. The coordinate is 20°51'N 105°27'E (Fig. 

1). The total area of this commune is 3060 ha, in 

which forest accounts for 2610 ha with the total 

area of Acacia plantation forest is up to 1360 ha 

occupied 52 % of total areas. The rainy season is 

normally from May to October with both a high 

frequency and intensity of rainfall. In August 

and September, rainfall reaches the peak at 

values from 300-400 mm per month. The rainfall 

during this period accounts for 84–90% of the 

annual rainfall. The frequency and intensity of 

the rainfall are concentrated over a short period 

where rainstorms and super rainstorms are major 

contributions to the landslide hazard in the area 

[23]. Generally, average precipitation ranges 

from 1520-2255 mm per year [24].

 

 

Fig. 1. The map of the study site: a) Location of Hoa Binh province on Viet Nam map,  

b) Contour line map of four plots location; c) Acacia 1-year-old; d) Acacia 5-years-old. 

 

Study site 

-a- -b- 
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2.2. Methods 

2.2.1. Plots design for an experiment  
Four plots were installed at two different 

ages of five years old and one-year-old Acacia 
plantation. At each age, in order to see the 
amount of runoff and erosion at different 
elevations, one plot was set up at the down-hill 
and the other one was located at the upper-hill 
(Fig. 2 and Table 1). Among 4 plots, the slope 
and porosity of plots were not so different, 
ranging from 260-290 and 52-59%, respectively 
(Table 1). However, canopy cover of plot was 
smaller at 1-age (50-52%) and higher at five-
year old Acacia (86-87%), while ground cover 
was higher at 1- age (91-93%) and smaller at 
five-years old Acacia plantation (36-39%). In the 
contrary, 2 plots at 1-year-old forest had lower 
percentage of litter fall (8.5-9.5%) than that at 5-
years-old forest (27.6-25.0%) (Table 1). 

The plot design was 3 m in Width x 5 m in 
Length x 0.3 m in Height in the size and it was 
bordered by an aluminum sheet. The aluminum 
sheet was buried 0.1 m deep into the soil, and to 
make sure that it could firmly stand even in 
heavy storm condition with a large amount of 
runoff and strong wind, steel wires and bamboo 
sticks were propped up surrounding the 
aluminum sheet. At the down end side of the 
plot, an aluminum gutter was installed to catch 
the water and soil from the plot. The aluminum 
gutter was 3.0 m in length, 0.2 m wide and 0.2 m 
in height, noted that, at the side where the gutter 
meet the plot, the length of the sheet was longer, 
so that it could be buried into the plot to ensured 
that runoff accumulated at the end of the plot 
would move to the gutter but not leached out. 
The gutter was connected with a container, 
which had a volume of 180 L, by a plastic tube. 
To get the accurate result, the gutter and the 

container was covered above to make sure the 
rain did not fall inside (Fig. 3). 

To measure runoff, we used a graduated 
cylinder (volume 1000ml). The soil left in the 
container after filtering as well as the soil left in 
the gutter and the plastic tube then be taken to 
the laboratory to dry (at 105oC for 24 hours) and 
weight in order to determine the amount of soil 
erosion (g) from each plot. To calculated runoff 
depth, dividing the amount of runoff by the plot 
area. Considering the particle density of soil is 
2.65 g/cm3, dividing the amount of soil loss by 
dry bulk density and then keep dividing by the 
area of the plots to identify the soil loss height. 
Field observation was conducted from April to 
September, 2018. 

Rainfall was monitored by using US 
standard plastic rain gauge. The rain gauge was 
installed in an open area near the plots. Runoff 
coefficient was calculated following the formula:    

   Runoff coefficient =
 Total Runoff Depth

Total Storm Precipitation 
x 100% 

 The plot’s coordinate, elevation was 

recorded by GPS Garmin 60CSX. The slope 

angle of plots was recorded by Meter Angler, an 

android’s application from the phone. As well as 

the understory vegetation cover and canopy 

cover were estimated by android’s application 

Canopy Cover Free and Glama, respectively. To 

determine the porosity of soil at each plot, soil 

samples were taken by using Bulk density tube 

and analyzed in the laboratory. For the data 

analyzed, we used T-test with confidence 95% to 

compare the difference between plots in 

different locations and age in SPSS 23.0 version. 

To check the relationship among runoff, soil and 

precipitation we used correlation and linear 

regression function in SPSS 23.0.

Table 1. Observation plots characteristic at the study site 

  

Parameters 
1-year-old Acacia 5-years-old Acacia 

1-down 1-up 5-down 5-up 

Slope (o) 28 29 26 27 

Elevation (m) 57 73 60 72 

Canopy cover (%) 50.5 52.11 85.89 86.9 

Ground cover (%) 90.5 92.56 36.2 38.9 

Litter fall (%) 8.5 9.5 27.6 25.0 

Porosity (%) 54 52 56 59 

Soil texture clay loam clay loam clay loam Clay 
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Fig. 2. The model illustrates elevation, slope, and distance of four plots at the study site. 

 

 

Fig. 3. Picture at plot 1-down and 1-up of Acacia 1-year-old and plot 5-down and plot 5-up  

of Acacia 5-years-old plantation at the study site. 

 

 -      -   

 -      -   
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3. Results and discussion  

3.1. Runoff generation at two different ages of 

Acacia plantation 

There were 55 storm events has been 

collected for 6 months from April to September 

2018. The lowest rainfall was 2.25 mm and the 

highest was 117.50 mm. Average rainfall was 

34.3 mm storm-1. At all 4 plots, the threshold of 

storm event to induce runoff was 10.9 mm at the 

beginning of the rainfall season (May 16) and 

this amount dropped to 7.5 mm at the latter of 

the rainfall season (June 11). The runoff 

generation responds quickly to precipitation 

input. Higher precipitation got higher runoff in 

all plots (Fig. 4). However, generated runoff 

varied from upper plots to down plots and from 

Acacia plantation 1-year-old to 5-years-old (Fig. 

4). Average runoff coefficient range from 0.36% 

(1-Down) to 0.46% (1-Up) with the average 

0.41% (Fig. 4), while runoff coefficient range 

from 0.35% (5-Down) to 0.39% (5-Up) with the 

average 0.37% (Fig. 4). 

 

 

 

Fig. 4. Runoff and runoff coefficient from four plots at the study site.  
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Fig. 5. Runoff accumulation from four plots at the study site.  

The total amount of rainfall accumulation of 

55 storm events was 1887.4 mm. Runoff 

accumulation in 1-year-old at plot 1-down was 

8.84 mm and 10.90 mm in plot 1-up (Fig. 5). 

Runoff accumulation of 5-years-old Acacia at 

plot 5-down and 5- up were 11.11 mm 9.72 mm, 

respectively (Fig. 5). The ability to generated 

surface runoff is the highest at plot 5-down, but 

it slightly different with plot 1-up (1.02 times), 

plot 5-up (1.14 times) and plot 1-down (1.26 

times) (Fig. 5).   

The runoff generation is not statistical 

significant difference between ages and between 

locations of Acacia plantation (Fig. 6). P-value 

between plot 1-down and plot 1-up as well as 

plot 5-down and plot 5-up with were 0.31 and 

0.96, respectively. On the other hand, p-value 

between plot 1 and plot 5 was 0.95 higher 0.05 

(Fig. 6). This result suggests age of Acacia and 

location planted tree did not impact significantly 

to runoff generation at the study site. 

Runoff coefficient showed the slightly 
different between the locations at two different 
ages of Acacia plantation due to the different 
ground cover. The runoff coefficient from four 
plots highest at plot 1-up is 0.46%, with the 
canopy cover is 52.11% (Table 1). This reason 
also mentioned in previous studies. For example, 
Mohammad and Adam [25]  have shown the 
result that the amount of runoff without a tree or 
less vegetation was increased the surface flow. 
Otherwise, Podwojewski et al [26] who studied 

on the land-use impact on surface runoff and soil 
detachment within agricultural sloping land in 
Northern Vietnam, has reported that the highest 
amount of surface runoff coefficient because of 
the lost in the vegetation cover by 35%. These 
results were similar with Miyata et al [7], who 
reported that the annual overland flow yield 
without or less floor coverage plot was 1.7-3.6 
times greater than ones from plot that have floor 
coverage, it was maintaining the soil and 
responsible for reducing the amount of surface 
runoff. 

In general the amount of runoff from all four 
plots was small with the amount of runoff 
accumulation ranged from 8.84mm to 11.11mm. 
This result might be attributable to the fact that 
the percent of understory vegetation cover and 
litter fall in this Acacia forest were high (Table 
1). The high ground cover could help reducing 
overland flow [8, 32]. Behind, the porosity of 
soil at all the plots were quite high (52-59%) so 
that soil might have high infiltration capacity, 
thus the infiltration excess overland flow rarely 
occur [7, 12]. Furthermore, Acacia tree is the 
providing source of nutrient and the boosting 
factor of the microorganism’s diversity [27], soil 
under the Acacia plantation might be fertilized 
and might have the larger pore, which enable the 
higher rate of infiltration.  Another research on 
the runoff and erosion from Acacia plantation at 
the same location also found the very little 
amount of runoff accumulation at 14.33 mm 
over 75 storm events [22].
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Fig. 6. Runoff fluctuation with statistic significant difference at different ages of Acacia plantation  

(p-value showed statistical significant difference between 2 plots at  = 0.05). 

On the other hand, the root systems of 

Acacia 1-year-old were not strong and smaller 

than Acacia 5-years-old, that why the rate of 

runoff was higher at the smaller age of Acacia 

plantation forest. For 5-years-old the root system 

was bigger and stronger it has more ability to 

reduce surface runoff by penetrating soil layer 

and improve the capacity of soil infiltration. 

Acacia mangium belong to the Fabaceae family, 

so it absorbed a lot of nitrogen from the 

atmosphere for storage in the root for fixing 

batteries [28]. Meanwhile, De Baets et al [29]  

described the root characteristics of 

Mediterranean plant species and their erosion-

reducing potential during concentrated on 

runoff. Many authors studied on the effects of 

roots on concentrated flow erosion rates [30]. 

They also agreed that the roots were capable of 

penetrating the soil layers to improve the soil 

infiltration capacity, reducing the volume of 

surface runoff. Furthermore Mohammad and 

Adam [25] also agree with them the root systems 

of trees and shrubs play an important role in 

decreasing runoff by improving soil 

characteristics, such as soil porosity and organic 

matter content, thus increasing the infiltration 

rate and decreasing the runoff.

Table 2. Comparison of the runoff coefficient with other studies (the unit for the first two columns are 

percentage/6 months while the rests are a percentage/1 year) 

Land use type Runoff (%) References 

5-year Acacia 0.37 This study 

1-year Acacia 0.41 This study 

Convex road 25.5 Linh (2017) 

Bare land 3.74 Cong et al. (2018) 

Nature forest 0.25 Valentin et al. (2008) 

Bamboo forest 0.28 Valentin et al. (2008) 

P-value

= 0.96 > 0.05
P-value

= 0.31 > 0.05

P-value

= 0.95 > 0.05

1-year-Acacia 5-years-Acacia 
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In comparison, the runoff coefficient from 

this study is much lower than bare land and 

convex road but it is more higher than ones of 

nature forest and the bamboo forest (Table 2). 

This may be due to location of Acacia. The 

Acacia was planted in headwater area with high 

elevation (>70 m) and slope (> 28o). Therefore, 

runoff generate quicker and higher. Some 

previous studies showed that tophography factor 

is also main impact on runoff generation. For 

example, Lesschen et al [31] was reported that 

the factors that increase the risk of terrace failure 

due to runoff were steeper terrace slope. 

Otherwise, low porosity of soil  (52%) also cause 

low infiltration and higher runoff at the study 

site. These results agreed with Jouquet et al [32], 

state that when the soil has higher porosity it will 

have higher infiltration rate increases leading to 

reduce the amount of runoff.  

3.2. Soil erosion at two different ages of Acacia 

plantation 

Soil erosion in all plot responded quickly to 

precipitation input. Eroded soil gets higher with 

higher erosion (Fig. 7a). However, soil erosion 

was different among location and Acacia ages. 

The soil erosion from Acacia 1-year-old at plot 

1-down were ranged from 0.00-545.27g (mean 

154.68 ± 160.67g/15m2/storm) and plot 1-up 

range from 0.00-585.55g (mean 206.41 ± 

194.38g/15m2/storm), with the average, was 

180.55 g/15m2/storm. For Acacia 5-years-old, 

the amount of soil erosion in plot 5-down range 

from 0.00-530.23g (mean 122.24±133.96 

g/15m2/storm) and plot 5-up, range from 0.00-

530.23g (mean 122.24±133.96g/15m2/storm), 

with the average was 117.34g/15m2/storm (Fig. 

7a).

  

 

Fig. 7. (a) Soil erosion response to precipitation and (b) soil erosion accumulation from four plots at the study site. 
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The soil erosion accumulation during 

monitor period from 1-year-old Acacia 

plantation at down plot was 8505.6 g/15m2 and 

the upper plot was 11352.4g /15m2. For Acacia 

5-years-old at plot 5-down and plot 5-up were 

6183.9 g/15m2 and 6723.1 g/15m2, respectively. 

According to the total amount of meantime, the 

amount of soil erosion was highest in plot 1-up 

with 11352.4 g/15m2, compared to the other 

plots, this number was 1.33 time higher than plot 

1-down, 1.69 time higher than plot 5-up and 1.84 

time higher than 5-down (Fig. 7b). As the result 

from T-test, the soil erosion is not statistical 

significant difference between location of 

Acacia such as plot 1-down and plot 1-up as well 

as plot 5-down and plot 5-up with (Sig. value = 

0.13 and sig. value = 0.71, respectively) (Fig. 8). 

While soil erosion at different ages of Acacia is 

statistics significant difference with the Sig. 

value 0.004 less than 0.05. So it means that Acacia 

ages impact differently on soil erosion (Fig. 8).  

The average amount of soil erosion in Acacia 

year-1 was 180.54 g/15m2 (equal to 0.012 kg/m2 

or 21.84 ton/ha/6months). While at the 5 year-

old Acacia plantation this amount was smaller 

with the average of soil erosion is 117.34 g/15m2 

(0.078 kg/m2 or 14.20 ton/ha/6months). 

Comparing to TCVN: 5229: 2009 [33] the soil 

erosion in year-1 and year-5 were classified into 

category IV with strong soil erosion (Table 3). 

Erosion between 5 year old Acacia and 1 year 

old Acacia is statistical significant difference at 

 = 0.05. The reason may be due to canopy cover 

and ground cover at different ages. Canopy 

cover of the age of Acacia 5-years-old (87%) 

was larger than that of Acacia- 1 year old (51%). 

Canopy cover or vegetation when it was larger 

have the ability to protected soil from erosion, 

tree leaves and branches intercept and diminish 

rain and wind energy, while the canopy of the 

tree, leaves, and branches cover the soil will 

reduce the impact of raindrop preventing soil and 

decreased soil eroded [34]. Additionally, 

increasing in the cover of tree and vegetation 

when the age of tree came older also decreased 

the soil erosion. These results agree with various 

studied, which have examined that the behavior 

of the vegetation ground cover and littler have a 

negative correlated with the percentage of the 

process flow of soil erosion [21, 35, 36]. 

 

Fig. 8. Soil erosion fluctuation with statistic significant different at different ages of Acacia plantation  

(p-value showed statistical significant difference between 2 plots at  = 0.05). 

P 1A  : Mean = 154.68; Median = 110.80

P 2A  : Mean = 206.41; Median = 200.30

P 1B  : Mean = 112.44; Median = 100.04

P 2B  : Mean = 122.24; Median = 109.55

P-value

= 0.71 > 0.05
P-value

= 0.13 > 0.05

P-value= 0.004 < 0.05

1-year-Acacia 5-years-Acacia 
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Table 3. TCVN5299: 2009 Method for 
determination of soil erosion by rainfall 

Level 
Amount of soil  

erosion (ton ha-1) 
Accessing 

I To 1 No erosion 
II Greater than 1 to 5 Slight erosion 
III Greater than 5 to 10 Medium erosion 
IV Greater than 10 to 50 Strong erosion 
V Greater than 50 Very strong erosion 

Table 4. Compare the soil erosion among Acacia 
plantation forest year-1, year-5 (ton/ha/6months)  

with other land types (ton/ha/year for the rest) 

Land use type Soil erosion References 

5-year Acacia 14.20 This study 
1-year Acacia 21.84 This study 

Road 839.5 Linh, (2017) 
Bare land 178.85 Cong et al. (2018) 
Nature forest 2.2 Jain et al. (2001) 
Bamboo forest 32.85 Shinohara et al. (2019) 
Conifer forest 65.7 Shinohara et al. (2019) 

Soil erosion at the study site tended to be 
smaller than ones of road and bare land (Table 
4). For example, Linh [37] and Cong et al [38]  
found that the bare land and unpaved road at the 
same study site are much higher than soil erosion 
in year-5 and year-1 Acacia plantation. Detail 
the soil erosion in bare land 8.19 times higher 
than 1-year-old Acacia plantation forest and the 
unpaved road is 59.12 times higher than year-5 
Acacia plantation forest (Table 4). While the soil 
erosion in year-1 and year-5 Acacia plantation is 
much higher than the mature forest, with 
approximately 9.9 times and 6.5 times, 
respectively. The soil erosion in bamboo forest 
is not much different from year-1 and year-5 
Acacia plantation forest and bamboo forest 
(Table 4). Conifer forest is by far higher than 
year-1 and year-5 in term of soil erosion, 3 times 
and 4.6 times higher, respectively. It is possibly 
the difference in leaf structure as conifer is 
needle structure which is weak to against rainfall 
while Acacia has a bigger leaf which is stronger 
to against the energy of rain drop to damage the 
soil structure. From here we can say, the Acacia 
plantation is strongly against the soil erosion it is 
closed to the bamboo forest. 

3.3. The relationship among runoff, soil erosion 

and precipitation  

The runoff from four plots has a strong  

relationship with rainfall, R2 range from 0.52-
0.85 with P-value=0.000. The high amount of 
rainfall will be affected to surface flow because 
the soil was saturated and infiltrations 
approximately decrease (Fig. 9a). Otherwise, the 
soil erosion from four plots has a strong 
correlation with rainfall, R2 range from 0.51-
0.67 with P-value=0.000 (Fig. 9b). The soil 
erosion from 4 plots has a strong correlated with 
runoff, R2 range from 0.66-0.83 with P-
value=0.000. The amount of runoff was high, 
soil erosion also high because it has a strong 
correlation (Fig. 10). This finding also agreed 
with previous studies. Joel et al [39] studied 
focus on the measurement of surface runoff from 
plots of two different sizes, gave a quote that the 
effects to surface runoff it can be considered 
about the amount of water storage in the soil 
roughness during storm event it also impacts to 
runoff. According to the results above, it can say 
that the runoff from four plots was changed 
dramatically when the amount of rainfall was 
higher. There is a close relationship between 
each rainfall event and the amount of runoff, 
which depends directly on the type the of 
vegetation cover it agreed with Mohammad and 
Adam [40]. 

Soil erosion was effected from among 
factors influencing such as storm size. When the 
heavy rain occurred the raindrop directly to the 
soil but because of the plot 1-up have 92.56% of 
understory vegetation cover, so the soil erosion 
not much higher than plot 5-up. Without 
vegetation covers, the amount of runoff and soil 
loss from Acacia 1-year-old will much higher 
because when heavy rain happened will be drop 
directly to the soil, which leads to being soil 
erosion. Many researchers have been studied 
about the effects storm on the process of runoff 
and soil erosion [41, 42]. In addition heavy rain 
more effected to soil erosion. It was agreed with 
the degree of soil detachment typically 
correlation with the kinetic energy of raindrop 
[43]. The effectiveness of a plant cover in 
reducing erosion by raindrop impact depends 
upon the height and continuity of the canopy, 
and the density of the ground cover. The high 
density of the ground cover can reduce erosion 
by raindrop impact [44]. 
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Fig. 9. The relationship between (a) precipitation and runoff; (b) precipitation and soil erosion  

at different ages of Acacia plantation. 

 

 

Fig. 10. Correlation between soil erosion and runoff at different ages of Acacia plantation. 

1-down: R2 = 0.52

1-up    : R2 = 0.60

5-down: R2 = 0.73

5-up    : R2 = 0.85

1-down : R2 = 0.51

1-up     : R2 = 0.66 

5-down : R2 = 0.67

5-up     : R2 = 0.64

(a) (b)

1-down: R2 = 0.72

1-up    : R2 = 0.66

5-down: R2 = 0.83

5-up    : R2 = 0.70
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4. Conclusion  

After conducting the experiment to measure 

the amount of runoff and soil erosion at two 

different ages of Acacia plantation in totally 55 

storm events during rainy season from April to 

September 2018, the final conclusions were 

pointed out: 

- Runoff generation is highest in plot 5-down 

(0.46%), followed by plot 1-up, plot 5-up, and 

plot 1-down. However, there were not 

statistically significant difference in term of 

runoff generation at two different ages of Acacia 

plantation (P-value = 0.95 > 0.05).  

- Soil erosion is highest in plot 1-up (mean 

5423.9 g/15m2) was 1.33 times higher than plot 

1-down (mean 3952.5g/15m2), 1.69 times at plot 

5-up (mean 3874.8 g/15m2/storm) and the lowest 

one is plot 5-down smaller than plot 1-up 1.84 

times (mean 3431.1 g/15m2). Soil erosion in 

Acacia year-1 and year-5 is in level IV, it means 

strong erosion base on TCVN5299: 2009. There 

are statistically significant difference between 

ages of Acacia plantation forest in term of soil 

erosion (P-value = 0.004 < 0.05). 

- Runoff generation and soil erosion had a 

strong relationship with precipitation. Runoff 

generation and soil erosion from this study are 

higher than natural forest and bamboo forest, 

while it is lower than bare land and convex road. 

The amount of runoff generation and soil 

erosion in Acacia plantation forest was higher 

than those found by previous studies. Therefore, 

it should be more concerned and apply 

sustainable management for plantation forest in 

the headwater area of Vietnam.  Two application 

solutions were proposed in order to reduce the 

negative impact of runoff and soil erosion from 

Acacia plantation forest: (1) Application 1 

(Conservation): no commercial plantation forest 

in the headwater area. Change from bare land to 

mixed forest, because it will be provided niches 

for a greater variety of species. Runoff and soil 

erosion will be reduced when we convert the area 

to be a natural forest; (2) Application 2 

(Commercial): plant Acacia forest but it should 

be maintaining the understory vegetation cover 

on the first year or second-year-old of Acacia 

plantation forest. Understory vegetation cover is 

an important factor for controlling runoff and 

soil erosion, which consists of the detachment 

and transport the soil particles. Keep the ground 

coverage it will be reducing the energy of 

raindrop. Because raindrop is the causes of 

mechanical breakdown the soil aggregates and 

soil detachment [45]. Acacia plantation forest for 

the rotation is 7 years. After harvest, the 

company burn the forest turn to bare land when 

having heavy rain occur soil will be eroded. To 

prevent this, the plantation should be planted in 

a different year, which harvests in the different 

rotation that keeps the land cover constantly.  

References 

[1] N.T Xiem, T. Phien, Vietnam mountainous soil, 

degradation and restoration, Ha Noi Agric. Publ. 

Co., Hanoi, 1999. 
[2] D. Yang, S. Kanae, T. Oki, T. Koike, K. Musiake, 

Global potential soil erosion with reference to 
land use and climate changes, Hydrol, Process 17 
(2003) 2913–2928. https://doi.org/10.1002/ hyp. 
1441. 

[3] N.Q. My, Modern Soil Erosion and Prevention 
Measures, Hanoi National University Press, 
Hanoi, 2005. 

[4] B. Joseph, Environmental studies, Tata McGraw-
Hill, New Delhi, 2005. 

[5] R.P.C. Morgan, Soil erosion and conservation, 
John Wiley & Sons, Hoboken, 2009. 

[6] P.O. Hården, Å. Sundborg, The lower Mekong 
basin suspended sediment transport and 
sedimentation problems, AB Hydroconsult, 
Appsala Sweden, 1992. 

[7] S. Miyata, K. Kosugi, T. Gom, T. Mizuyama, 
Effects of forest floor coverage on overland flow 
and soil erosion on hillslopes in Japanese cypress 
plantation forests, Water Resour, Res. 45 (2009) 
W06402. https://doi.org/10.1029/2008WR007270. 

[8] T.Q. Vinh, H.T. Minh, Application of GIS to 
form LS factor map in soil erosion research at 
Tam Nong district, Phu Tho province. Sci. J. 
Dev. Ha Noi Univ. Agric. 4 (2009) 667–674. 

[9] R.C. Sidle, Y. Tsuboyama, S. Noguchi, I. 
Hosoda, M. Fujieda and T. Shimizu, Stormflow 
generation in steep forested headwaters: a linked 
hydrogeomorphic paradigm, Hydrol. Process 14 
(2000) 369-385. https://doi.org/10.1002/(SICI) 
10991085(20000228)14:3<369::AIDHYP943>3
.0.CO;2-P. 

https://doi.org/10.1002/%20hyp.%201441
https://doi.org/10.1002/%20hyp.%201441
https://doi.org/10.1029/2008WR007270
https://doi.org/10.1002/(SICI)%2010991085(20000228)14:3%3c369::AIDHYP943%3e3.0.CO;2-P
https://doi.org/10.1002/(SICI)%2010991085(20000228)14:3%3c369::AIDHYP943%3e3.0.CO;2-P
https://doi.org/10.1002/(SICI)%2010991085(20000228)14:3%3c369::AIDHYP943%3e3.0.CO;2-P


Chin Kolyan et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 3 (2019) 22-36 

 

35 

[10] N.W. Hudson, Soil Conservation, B.T. Batsford, 

UK, 1981. 

[11] Y. Canton, A. Sole-Benet, I. Quarelt, R. Pini, 

Weathering of a gypsum-calcareous mud-stone 

under semi-arid environment in SE Spain: 

Laboratory and field based experimental 

approaches, Catena 44 (2001) 111-132. https:// 

doi.org/10.1016/S0341-8162(00)00153-3. 

[12] B.X. Dung, S. Miyata, T. Gomi, Effect of forest 

thinning on overland flow generation on 

hillslopes covered by Japanese cypress, 

Ecohydrology 4 (2011) 367- 378. https://doi.org/ 

10.1002/eco.135. 

[13] A.C. Imeson, M. Vis, A survey of soil erosion 

processes in tropical forest ecosystems on 

volcanic ash soils in the Central Andean 

Cordillera, Colombia, Geografiska Annaler 

Series A, Physical Geography 64 (1982) 181-198. 

https://doi.org/10.1080/04353676.1982.11880065. 

[14] M. Bonell, Selected challenges in runoff 

generation research in forests from the hillslope 

to headwater drainage basin scale, Journal of the 

American Water Resources Association 34 

(1998) 765–785. https://doi.org/10.1111/j.1752-

1688.1998.tb01514.x . 

[15] L. Descroix, D. Viramontes, M. Vauclin, J.G. 

Barrios, M. Esteves, Influence of soil surface 

features and vegetation on runoff and erosion in 

the Western Sierra Madre (Durango, Northwest 

Mexico), Catena 43 (2001) 115–135. https:// 

doi.org/10.1016/S0341-8162(00)00124-7. 

[16] R.P.C. Morgan, Soil Erosion and Conservation, 

Longman, New York, 2005. 

[17] R.P.C. Morgan, J.H. Duzant, Modified MMF 

(Morgan–Morgan–Finney) model for evaluating 

effects of crops and vegetation cover on soil 

erosion, National Soil Resources Institute, 

Cranfield University, Cranfield, Bedfordshire, 

UK.33 (2007). https://doi.org/10.1002/esp.1530. 

[18] J. Wagenbrenner, L. MacDonald, D. Rough, 

Effectiveness of three post‐fire rehabilitation 

treatments in the Colorado Front Range, Hydrol. 

Process 20 (2006) 2989-3006. https://doi.org/ 

10.1002/hyp.6146 . 

[19] K. Nanko, S. Mizugaki, Y. Onda, Estimation of 

soil splash detachment 5 rates on the forest floor 

of an unmanaged Japanese cypress plantation 

based on 6 field measurements of throughfall 

drop sizes and velocities, Catena 72 (2008) 328-

361. https://doi.org/10.1016/j.catena.2007.07. 002. 

[20] C.T. Yen, Assessing the effect of vegetation 

cover on soil flow and erosion in Luot Mountain 

(Thesis), Vietnam National University of 

Forestry, Hanoi, Vietnam, 2014. 

[21] T. Gomi, R.C. Sidle, M. Ueno, S. Miyata, K. 

Kosugi. 2008, Characteristics of overland flow 

generation on steep forested hillslopes of central 

Japan, Journal of Hydrology 361 (2008) 275– 

290. https://doi.org/10.1016/j.jhydrol.2008.07.045. 

[22] B.X. Dung, P.Q. Trang, N.T.M. Linh, D.T.T 

Hoa, T. Gomi, Soil erosion and overland flow 

from Acacia plantation forest in headwater 

catchment of Vietnam. IOP Conference Series: 

Earth and Environmental Science 266 (2019) 

(012012). https://doi.org/10.1088/1755-1315/266/ 

1/012012 . 

[23] D.T. Bui, B. Pradhan, O. Lofman, I. Revhaug, 

O.B. Dick, Landslide susceptibility mapping at 

Hoa Binh province (Vietnam) using an adaptive 

neuro-fuzzy inference system and GIS, 

Computers and Geosciences 45 (2012) 199-211. 

https://doi.org/10.1016/j.cageo.2011.10.031. 

[24] T.S. Ngo, D.B. Nguyen, P.S. Rajendra, Effect of 

land use change on runoff and sediment yield in 

Da River Basin of Hoa Binh province, Northwest 

Vietnam, Journal of Mountain Science 12 (2015) 

1051-1064. https://doi.org/10.1007/s11629-013 -

2925-9. 

[25] A.G. Mohammad, M.A. Adam, The impact of 

vegetative cover type on runoff and soil erosion 

under different land uses, Catena 81 (2010) 97–

103. https://doi.org/10.1016/j.catena.2010.01.008. 

[26] P. Podwojewski, D. Orange, P. Jouquet, C. 

Valentin, J. Janeau, D.T. Tran, Land-use impacts 

on surface runoff and soil detachment within 

agricultural sloping lands in Northern Vietnam, 

Catena 74 (2008) 109-118. https://doi.org/ 

10.1016/j.catena.2008.03.013. 

[27] L.I.S Samingan, Fungal Succession and 

Decomposition of Acacia mangium Leaf Litters 

in Health and Ganoderma Attacked Standings, 

HAYATI Journal of Biosciences 16 (2009) 109-

114. https://doi.org/10.4308/hjb.16.3.109. 

[28] C.C. Sein, R. Mitlöhner, Acacia mangium Willd: 

ecology and silviculture, CIFOR, Bogor, 

Indonesia, 2011.  

[29] S. De Baets, J. Poesen, A. Knapen, G.G. Barberá, 

J. Navarro, Root characteristics of representative 

Mediterranean plant species and their erosion-

reducing potential during concentrated runoff, 

Plant and Soil 294 (2007) 169–183. 

https://doi.org/10.1007/s11104-007-9244-2 . 

[30] Z. Zhou, Z. Shangguan, Soil anti‐scouribility 

enhanced by plant roots. Journal of Integrative 

Plant Biology 47 (2005) 676–682. https:// 

doi.org/10.1111/j.1744-7909.2005.00067.x. 

[31] J. Lesschen, L. Cammeraat, T. Nieman, Erosion 

and terrace failure due to agricultural land 

abandonment in a semi‐arid environment, Earth 

https://doi.org/%2010.1002/eco.135
https://doi.org/%2010.1002/eco.135
https://doi.org/10.1080/04353676.1982.11880065
https://doi.org/10.1111/j.1752-1688.1998.tb01514.x
https://doi.org/10.1111/j.1752-1688.1998.tb01514.x
https://doi.org/10.1002/esp.1530
https://doi.org/%2010.1002/hyp.6146
https://doi.org/%2010.1002/hyp.6146
https://doi.org/10.1016/j.catena.2007.07.%20002
https://doi.org/10.1016/j.jhydrol.2008.07.045
https://doi.org/10.1088/1755-1315/266/%201/012012
https://doi.org/10.1088/1755-1315/266/%201/012012
https://doi.org/10.1016/j.cageo.2011.10.031
https://doi.org/10.1007/s11629-013%20-2925-9
https://doi.org/10.1007/s11629-013%20-2925-9
https://doi.org/10.1016/j.catena.2010.01.008
https://doi.org/%2010.1016/j.catena.2008.03.013
https://doi.org/%2010.1016/j.catena.2008.03.013
https://doi.org/10.4308/hjb.16.3.109
https://doi.org/10.1007/s11104-007-9244-2


Chin Kolyan et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 3 (2019) 22-36 

 

36 

Surface Processes and Landforms 33 (2008) 

1574–1584. https://doi.org/10.1002/esp.1676. 

[32] P. Jouquet, J.L. Janeau, A.  Pisano, H.T. Sy, D. 

Orange, L.T.N. Minh, C. Valentin, Influence of 

earthworms and termites on runoff and erosion in 

a tropical steep slope fallow in Vietnam: a 

rainfall simulation experiment, Applied Soil 

Ecology 61 (2012) 161–168. https://doi.org/ 

10.1016/j.apsoil.2012.04.004. 

[33] Ministry of Science and Technology, TCVN 

5299:2009, Soil quality: method for the 

determination of soil erosion, Science and 

Technology, Hanoi, Vietnam, 2009, pp 1-12. 

[34] V.H.D. Zuazo, C.R.R. Pleguezuelo, Soil-erosion 

and runoff prevention by plant covers: a review, 

in: Sustainable Agriculture, Agronomy for 

Sustainable Development 28 (2008) 65-86. 

https://doi.org/10.1051/agro:2007062. 

[35] A. Cerdà, The influence of geomorphological 

position and vegetation cover on the erosional 

and hydrological processes on a Mediterranean 

hillslope, Hydrological Processes 12 (1998) 661–

671. https://doi.org/10.1002/(SICI)1099-1085 (1998 

0330)12:4%3C661: AID-HYP607%3 E3.0.CO;2-7 . 

[36] T.W. Ellis, S. Leguedois, P.B. Hairsine, D.J. 

Tongway, Capture of overland flow by a tree belt 

on a pastured hillslope in south-eastern Australia, 

Soil Research 44 (2006) 117–125. 

https://doi.org/10.1071/SR05130. 

[37] N.M. Linh, Runoff generation and soil erosion 

from forest road in the headwater of Vietnam 

(Thesis), Vietnam National University of 

Forestry, Hanoi, Vietnam, 2017. 

[38] N. Cong, D.T.T. Hoa, P.Q. Trang, V.T.H. Thu, 

T.N. Lan, Evaluating effects of Acacia plantation 

forest on overland flow and soil erosion in Luong 

Son headwater of Vietnam (Scientific Report), 

Vietnam National University of Forestry, Hanoi, 

Vietnam, 2018. 

[39] A. Joel, I. Messing, O. Seguel, M. Casanova, 

Measurement of surface water runoff from plots 

of two different sizes, Hydrological Processes 16 

(2002) 1467-1478. https://doi.org/10.1002/hyp.356. 

[40] A.G. Mohammad, M.A. Adam, The impact of 

vegetative cover type on runoff and soil erosion 

under different land uses, Catena 81 (2010) 97–

103. https://doi.org/10.1016/j.catena.2010.01.008. 

[41] M.A. Mohamadi, A. Kavian, Effects of rainfall 

patterns on runoff and soil erosion in field plots, 

International Soil Water Conservation Research 

3 (2015) 273-281. https://doi.org/10.1016/j.iswcr. 

2015.10.001. 

[42] A. Parsons, P. Stone, Effects of intra-storm 

variations in rainfall intensity on interrill runoff 

and erosion, Catena 67 (2006) 68–78. 

https://doi.org/10.1016/j.catena.2006.03.002. 

[43] C. Quansah, The effect of soil type, slope, rain 

intensity and their interactions on splash 

detachment and transport, Journal of Soil Science 

32 (1981) 215–224. https://doi.org/ 10.1111/j. 

1365-2389.1981.tb01701.x. 

[44] N. Hudson, Soil conservation: fully revised and 

updated, New India Publishing Agency, New 

Delhi, India, 2015. 

[45] A.I.J.M. Van Dijk, L.A. Bruijnzeel, C.J. 

Rosewell, Rainfall intensity - kinetic energy 

relationships: a critical literature appraisal, 

Journal of Hydrology 261 (2002) 1-23. https:// 

doi.org/10.1016/S0022-1694(02)00020-3.

 

https://doi.org/10.1002/esp.1676
https://doi.org/%2010.1016/j.apsoil.2012.04.004
https://doi.org/%2010.1016/j.apsoil.2012.04.004
https://doi.org/10.1051/agro:2007062
https://doi.org/10.1002/(SICI)1099-1085%20(1998%200330)12:4%3C661:%20AID-HYP607%253%20E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1099-1085%20(1998%200330)12:4%3C661:%20AID-HYP607%253%20E3.0.CO;2-7
https://doi.org/10.1071/SR05130
https://doi.org/10.1002/hyp.356
https://doi.org/10.1016/j.catena.2010.01.008
https://doi.org/10.1016/j.iswcr.%202015.10.001
https://doi.org/10.1016/j.iswcr.%202015.10.001
https://doi.org/10.1016/j.catena.2006.03.002
https://doi.org/%2010.1111/j.%201365-2389.1981.tb01701.x
https://doi.org/%2010.1111/j.%201365-2389.1981.tb01701.x

