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SUMMARY

To determine the temporal infiltration characteristics of soil under different ages of Acacia plantation forest in a
headwater of Hoa Binh Province, Vietnam, the field experiment for infiltration measurement by double ring
method was established at different vegetation cover conditions (including bare land after burning, 1-year-old
Acacia plantation, 2-year-old Acacia plantation, 3-year-old Acacia plantation, 4-year-old Acacia plantation and
5-year-old Acacia plantation) from July to September 2019. Potential factors affecting on soil infiltration were
determined, including soil physical and vegetation characteristics of Acacia plantation. The main findings
included: (1) Temporal infiltration rate in different ages of Acacia plantation tend to be decreased with increasing
of ages. Both initial and stable rate are increased from bare land (initial rate: 7.9mm/min; stable rate: 1.2mm/min)
to 5-year-old of Acacia plantation (initial rate: 14.2mm/min; stable rate: 2.5mm/min); (2) Temporal infiltration
rate has a strong relationship with soil physical characteristics and understory vegetation cover. Initial infiltration
rate of soil has a strong relationship with understory vegetation (R=0.84), porosity (R=0.87) and soil moisture
(R=-0.87), but do not have significant relationship with dry bulk density (R=-0.22). While stable rate has a strong
relationship with understory vegetation (R=0.70), it has a moderate relationship with porosity (R=0.53), dry bulk
density (R=-0.51) and soil moisture (R=-0.44); (3) The findings implied that infiltration rate under Acacia
plantation forest has been higher than bare land after burning. It can be explained that the root and understory
vegetation have important impacts on infiltration characteristics of soil.
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1. INTRODUCTION

Infiltration is the process by which water on
the ground surface enter the soil or other
materials and it is commonly used in both the
field of hydrology and soil science in term of
watershed management (Horton, 1933). The
characteristics of infiltration can determine the
establishment of surface and subsurface flow,
which can control peak flow rates, runoff
volumes, soil erosion and plant-available water
capacity. In terms of the location which has
higher infiltration rate, there is no chance or
little of generating overland flow (Horton,
1933). Therefore, the frequency of phenomenon
of soil erosion is low or even not occurring if
the infiltration of soil is high and soil will absorb
water rapidly. On the other hand, there will be
frequently degrading issues, including landslide
and soil erosion caused by overland flow and
low infiltration capacity (Hai, 1993).

There are number of factors affecting
infiltration rate of soil, such as precipitation
characteristics, soil characteristics, terrain and
vegetation and combine the amount of rain,
intensity and frequency of rainfall (Dien and
Tuan, 2006), especially the role of vegetation in

improving the infiltration rate of soil (Hiraoka,
2010). With the respect to heavy rainfall and
intensity of rainfall, the infiltration of the soil
witnessed the trend to be small. Regarding
precipitation and intensity of rainy season, the
infiltration capacity will be higher (Haws et al.,
2014). Soil factors that control infiltration rate
are vegetation cover, root development, organic
content (Dune et al., 1991). Additionally, some
factors such as soil moisture, bulk density,
porosity, soil texture and structure also have
significant effects on infiltration rate. Among
three factors that influence the infiltration of
soil, we can manage two factors including soil
characteristics and vegetation. Therefore,
management approaches are also concentrated
on these two factors. Previous studies on surface
runoff and soil erosion by Lung and Hai (1997)
show that the thicker the forest is, the more
water is absorbed into the soil and turned into
the underground flow. The authors affirmed that
in Vietnam, forest trees are capable of
consuming a large amount of water. At the same
time, affirmation of forest land is also a factor
that influences the infiltration velocity.
Differences in soil properties, mainly the
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physical properties of soils, will directly affect
the soil's infiltration

In terms of vegetation cover factor,
plantation forest is very popular these days. In
Vietnam, about 24% of the forest area is planted
forest, in which Acacia Mangium is a popular
crop. Acacia Mangium Wild., also known as
Mangium, is a species of indigenous plants to
Northern Queensland (Australia), found in
Indonesia's Irian Jaya, Maluku (Doran and
Skelton, 1982). This is a fast-growing species,
which is widely used for various purposes such
as timber, firewood, agroforestry, land
improvement (Turnbull et al., 1983). Acacia
belong to Fabaceae family, which is believed to
have nitrate fixation ability and make soil
become better. Thus it helps to conserve soil,
promote vegetation development (Brockwell et
al., 2005). Some hypotheses have supposed that
the oil fallen leaves of Acacia Mangium has
negative effects on understory vegetation. The
loss of understory vegetation can reduce
infiltration capacity of soil and lead to the
increase of overland flow and soil erosion.
Therefore, in this research, experiment on
infiltration can observe the infiltration capacity
of soil under bare land and five different ages of

Acacia plantation to conclude whether this
hypothesis is right or not. These days, the
research on infiltration in Vietnam is limited.
Therefore, the study on Temporal infiltration
characteristics of soil at different ages of
Acacia plantation forest in a headwater of Hoa
Binh, Vietnam is necessary. Based on the results
of the research, the interaction between the ages
of Acacia Mangium and infiltration rate of soil
will be determined, then some suggestions will
be provided to get effective watershed
management in the headwater of Hoa Binh,
Vietnam, especially in soil and water resources
management.
2. RESEARCH METHODOLOGY
2.1. Study site

This research was conducted in the
headwater of Luong Son district, Hoa Binh
Province (Fig. 1). Luong Son climate is tropical
monsoon with two distinct seasons: the winter
is cold and little rain, and the summer is hot and
much precipitation. Annual precipitation is
from 1,520.7 to 2,255.6 mm/year. Mean annual
temperature is from 22.9 to 23.3 °C. In Hoa
Binh province, Acacia Mangium is one of the
most plants which occur about 92% amount of
forest areas.

THAILAND M

14t

Elevation (m]
B 1200+

0 75 150
T

Kilomatars

b,

1:1.250.000

Figure 1. The location of study site: a_Hoa Binh Province on Vietnam map; b_Luong Son District;
¢_Truong Son Commune of study site
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2.2. Method

Temporal infiltration rate was measured by
using double-ring infiltrometer with the diameter
of inner and outer ring are 20 cm and 25 cm,
respectively (Fig. 2b). Infiltration measurements
were conducted with 6 conditions, namely, bare
land after burning; 1-year-old Acacia plantation
(DBH 1.1 cm; height 0.8 m); 2-year-old Acacia
plantation (DBH 3.6 cm; height 1.7 m); 3-year-
old Acacia plantation (DBH 4.2 cm; height 6.5
m); 4-year-old Acacia plantation (DBH 8.6 cm;
height 8.6 m); and 5-year-old Acacia plantation
(DBH 10.2 cm; height 9.6 m), from July to
September 2019. The slope of six plots range
from 23 - 26° (Table 1).

Firstly, drive the ring into the ground up to
the three-inch mark. The best way to do this is
to pound a small block of wood laying across
the ring with a mallet. Firm the soil around the
inside of the ring. Secondly, put a nail in to the
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ground of the center of the ring, the nail has the
length of 5 cm after plugged into the soil. In
general, the water level was kept at or above 5
cm depth. Thirdly, using a cylinder to pour the
water slowly into the ring of 5 cm initial water
above the topsoil, with 10 cm nail. Record in
each minute how many water infiltrates.
Measuring 5 times in each condition, each time
was measured about 95 - 100 minutes to reach
the stable rate.

Regarding impacting factors, understory
vegetation cover was inventoried by using the
Canopy Cover Free application. To soil
properties measurement, soil samples were
collected by using a bulk density tube. Then, the
IBM SPSS Statistics 23 and R-studio software
was used to check the median and outlier range
of data and to determine the correlation between
the infiltration rate and impacting factors.
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Figure 2. a) Location at the study site; b) The method used to measure soil infiltration
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Table 1. Soil properties and characteristics of experiment plots

Parameters Bare 1-year-old 2-year-old 3-year-old 4-year-old 5-year-old

land Acacia Acacia Acacia Acacia Acacia
Max 1.56 1.43 1.38 1.54 1.29 1.35
Dry Bulk Density  Min 1.30 1.19 1.00 1.03 0.85 0.74
(g/m?) Mean 1.46 1.31 1.22 1.36 1.13 1.19
SD 0.05 0.04 0.07 0.09 0.07 0.11
Max 37 46 49 51 55 56
) Min 28 35 38 37 35 36

0
Porosity (%) Mean 33 42 44 46 44 46
SD 2 2 2 2 3 3
Max 349 29.9 27.9 27.0 28.3 31.1
) . Min 31.0 12.3 14.7 12.1 12.7 11.7
0
Soil Moisture (%) - \1o0n 32,0 20.7 20.0 17.2 19.5 17.7
SD 0.7 3.8 2.8 2.8 34 35
Max 0 56.2 55.6 57.4 57.2 59.9
Understory Min 0 45.8 35.6 459 48.4 51.9
vegetation (%)  Mean 0 50.5 46.0 52.6 53.4 56.8
SD 0 1.7 3.5 2.0 1.9 1.4
DBH of Acacia . 1.1 3.6 4.2 8.6 10.2
(cm)

He‘ght(‘l’lf)Aca“a Mean 0.8 1.7 6.5 8.6 9.6
Slope (°) Mean 23 23 24 25 24 26

3. RESULTS AND DISCUSSION
3.1. Temporal soil infiltration characteristics at
different ages of Acacia plantation
3.1.1. Soil infiltration rates under different
ages of Acacia plantation

Infiltration rate was the highest under 5-year-
old Acacia plantation (14.2 - 19.1 mm/min of
initial infiltration rate and 2.5 - 3.3 mm/min of
stable infiltration). The infiltration rates
decrease when the age of trees decrease.
Respectively, under 4-year-old Acacia
plantation (13.8 - 18.6 mm/min of initial
infiltration rate and 2.1 - 2.9 mm/min of stable
infiltration); under 3-year-old Acacia plantation
(14.0 - 18.1 mm/min of initial infiltration rate
and 1.8 - 2.6 mm/min of stable infiltration);
under 2-year-old Acacia plantation (14.2 - 17.9
mm/min of initial infiltration rate and 1.8 - 2.4
mm/min of stable infiltration), 1-year-old
Acacia plantation (12.3 - 17.4 mm/min of initial
infiltration rate and 1.4 - 2.3 mm/min of stable
infiltration). The lowest infiltration rate was
under bare land (7.1 - 8.7 mm/min of initial
infiltration rate and 1.2 - 1.6 mm/min of stable
infiltration) (Fig. 3). The potential reason might
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be the difference in understory vegetation cover
and crown canopy with different ages of Acacia
plantation. Since the stable infiltration rate
tends to have a positive relationship with
porosity of soil (Dung, 2016).

With t-test, the mean of initial rate and stable
rate at bare land is significant different with that
at other Acacia plantation covers with the p-
value <0.01. It also was the significant
difference between the mean value of initial rate
at bare land & other Acacia plantation forests
(p=0.00); and between 4-year and 5-year Acacia
plantation forest (p=0.01). However, the mean
number of initial rate at the other pairs including
l-year & 2-year (p=0.04); 1l-year & 3-year
(p=0.21); 1-year & 4-year (p=0.26), 1-year & 5-
year (p=0.15); 2-year &3-year (p=0.32); 2-year
& 4-year (p=0.42); 2-year & 5-year (p=0.25); 3-
year & 4-year (p=0.25); 3-year & 5-year
(p=0.39) is not significantly different. While
most of paired means of stable rate at different
ages of Acacia tree is considerably divergent
with the p-value <0.03, there is not a significant
difference between 1-year & 2-year (p=0.19);
and between 3-year & 4-year (p=0.09) (Fig. 4
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and Table 2). The infiltration characteristics
between two to four different ages of Acacia
trees are more significantly different than those
of one-year pairs of Acacia trees. It might be
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Figure 3. Temporal infiltration rate of soil under bare land and different ages of Acacia plantation
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Table 2. Summary of the paired mean comparison of initial rate and stable rate
at different ages of Acacia plantation

Initial rate

Stable rate

Correlation

t df p t df p
Bare land & 1-year-old -12.215 4 0.00 -3.371 4 0.01
Bare land & 2-year-old -19.448 4 0.00 -7.426 4 0.00
Bare land & 3-year-old -8.5021 4 0.00 -6.487 4 0.00
Bare land & 4-year-old -8.4407 4 0.00 -6.178 4 0.00
Bare land & 5-year-old 9.91347 4 0.00 9.396 4 0.00
1-year-old & 2-year-old -2.2016 4 0.04 -0.961 4 0.19
1-year-old & 3-year-old -0.8955 4 0.21 -6.487 4 0.00
1-year-old & 4-year-old -0.6833 4 0.26 -4.209 4 0.00
1-year-old & 5-year-old -1.2106 4 0.15 -6.957 4 0.00
2-year-old & 3-year-old -0.5033 4 0.32 -3.138 4 0.01
2-year-old & 4-year-old -0.202 4 0.42 -2.355 4 0.03
2-year-old & 5-year-old -0.7389 4 0.25 -3.844 4 0.00
3-year-old & 4-year-old 0.739 4 0.25 -1.572 4 0.09
3-year-old & 5-year-old -0.3064 4 0.39 -2.930 4 0.02
4-year-old & 5-year-old -3.4989 4 0.01 -2.563 4 0.03

Infiltration rate at bare land and five different
ages Acacia plantation have a similar trend of
decrease over time. Infiltration rate of the soil
follows the law of the highest value at the
beginning and decreases until reaching the
stable rate with the oscillation range of the 95'-
100" minute. Initial and stable rate in five

locations of bare land is lowest (about 7.9
mm/min and 1.3 mm/min, respectively), that of
Acacia plantation forest intend to increase when
the age of tree is older. The highest initial and
stable infiltration rate (about 19.1 mm/min and
3.3 mm/min, respectively) is under 5-year-old
Acacia tree (Fig. 5).
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Figure 5. Average infiltration rate at different ages Acacia plantation

Comparison with the research of Horton,
1933, the curves of infiltration rate of bare land,
I-year-old, 2-year-old 3-year-old, 4-year-old
and 5-year-old of Acacia plantation tend to be

similar to the typical curve for wet able soil.
This shows that the infiltration capacity in study
site 1s quite good and has the ability to protect
and regulate water well, the surface flow and
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soil erosion can be controlled effectively.

The infiltration rate is higher at the beginning
and decreases over time because soil is still dry
and gets wetter later. The distance between the
soil particles of dry soil is large, so when water
is poured into the ring, the water is permeable
quickly into soil. By seconds, the holes and
pores in the soil is saturated, the swelling of the
soil particles reduced the size of holes so the
infiltration rate decreases over time. The
infiltration rate will reach stable level when the
soil layer is completely saturated with water. At
this time water can permeate into soil because
of gravity.

3.1.2. Total water infiltrated in one hour at
different ages of Acacia plantation

Total infiltration in 1 hour in six locations
varied from 212 mm/hour to 310 mm/hour. The
total infiltration in 1 hour of bare land is the
lowest. That of Acacia plantation covers have
trend to increase when the age of tree gets
older. In particular, the total infiltration in 1
first hour in bare land, 1-year-old Acacia tree,
2-year-old, 3-year-old Acacia tree, 4-year-old
Acacia tree and 5-year-old Acacia tree is 212
mm/hour, 227 mm/hour, 236 mm/hour, 310
mm/hour, 301.2 mm/hour and 310 mm/hour,
respectively (Fig. 6).
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Figure 6. The amount of total infiltration in 1 hour under different vegetation cover types

Compared to the total water infiltrated in one
hour reported by other researches at different
locations, the amount of water in the Acacia
ranged from 59 mm/hr to 809 mm/hr. In
previous studies, the hourly infiltration rate in
the area with Pine was within 302 - 434 mm/hr.
The relative high infiltration rate per hour of the
research might be explained by quite high
proportion of understory vegetation cover and
porosity. In addition, previous studies have
proved that the positive relation between
porosity and understory vegetation with
infiltration capacity, therefore, it also follows
the trend to negative correlation between
infiltration capacity and possibility of

generating overland flow (Hiraoka, 2010). The
average total infiltration rate in 1 hour of bare
land is 212 mm, higher than bare land, Acacia
and Cinnamon in Yen Bai location (Linh et al.,
2018). The average range total infiltration rate
in 30 locations of Acacia plantation is lower
than that of Pinus, Acacia in Quang Ninh
location; and the mixed forest in Luot mountain,
such as Pinus-Acacia and Acacia-Eucalyptus
(Dung et al., 2019). Regarding high amounts of
water infiltrated in one hour, the soil under
different ages of Acacia trees are expected to
reduce the relative amount of saturated overland
flow.
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Figure 7. Comparing total infiltration in 1 hour of soil under different ages of Acacia plantation
with those from other previous studies
(Dung, 2016; Dung et al., 2016; Linh et al., 2018; Dung et al., 2019)

3.2. Relationship of infiltration rate with other factors
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Figure 8. Affecting factors on infiltration of soil

The initial soil infiltration rate has a strong
negative relationship with the soil moisture
(correlation coefficient R:-0.87). Otherwise, the
stable rate does not have a significant
relationship with soil moisture with the R=-
0.44. Porosity has a strong positive relationship
with initial rate with the correlation coefficient
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R=0.87. Otherwise, the stable rate has moderate
relationship with porosity and dry bulk density
with R=0.53 and -0.51 respectively. Initial rate
has a strong positive relationship with
understory vegetation with the correlation
coefficient R=0.84. Stable rate also has a
positive relationship with understory vegetation
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coverage with the correlation coefficient and R=
0.7. Comparing with other researches, they have
the same results that vegetation has a critical
impact on infiltration characteristic of soil and
it also can be the reason to reduce rain plash.
With the same low understory coverage, the soil
may be detached by rain drop and it can lead to
overland flow and soil erosion. Dung et al. 2017
also indicated that initial and stable infiltration
rates have a strong positive relationship with
understory vegetation cover. There is evidence
that under the cover of vegetation, the
accumulation of organic matter and the
regulation of microclimate (Kittredge, 1948).
In other words, understory vegetation cover and
little fall play an important role in improving the
infiltration capacity of soil.

4. CONCLUSION

To determine the temporal soil infiltration
characteristics at different ages of Acacia
plantation, a double-ring infiltrometer was used.
In addition, the software such as Microsoft
Excel, IBM SPSS, and R-studio was applied to
analyzed data. The main findings were:

- The temporal soil infiltration rate at
different ages of Acacia plantation tend to be
decreased with increasing of ages. Higher age
of Acacia trees tended to increase of infiltration
capacity due to increase of canopy cover and
understory vegetation cover. The highest rate
was recorded under 5-year-old of Acacia
plantation and the lowest rate under bare land.
Time to reach the stable rate of the type range
from 95 to 97 minutes. In addition, the total
infiltration for 1 hour of soil very large, range
from 212mm/hour (bare land after burning) to
310mm/hour (3-year-old Acacia tree and 5-
year-old Acacia tree).

- Both initial and stable infiltration rates have
strong positive relationship with understory
vegetation cover. Initial infiltration rate of soil
also has a strong relationship with porosity and
soil moisture, but do not have significant
relationship dry bulk density. While stable rate
has a moderate relationship with porosity, dry
bulk density and soil moisture.

Findings of this study estimated increasing
of soil infiltration with increasing of Acacia
plantation ages and lowest at bare land after
cutting. Thus, manager of Acacia plantation
should consider about solutions to protect soil
through increasing of soil infiltration, especially
in stage of soil treatment and 1-year-old Acacia
plantation.
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PAC TINH THAM NUOC THEO THOI GIAN CUA PAT DUOI CAC TUOI

KHAC NHAU CUA RUNG TRONG KEO TAI LUU VUC LUONG SON,
HOA BIiNH, VIET NAM

Ding Thi Thanh Hoa!, Bui Xuin Diing?
"Truwong Pai hoc Ky thudt tong hop Dresden, Pirc
’Truong Pai hoc Lam nghiép
TOM TAT

V6i muc dich xéc dinh ddc tinh thim nudc theo thoi gian cta dat dudi rimg trong Keo & cac tudi khac nhau tai
ving dau ngudn Lwong Son, tinh Hoa Binh, Viét Nam. Thi nghiém do tc d¢ thim nudc ciia dat bang phuong
phap éng vong khuyén (loai kép) dugce thuc hién tai cac didu kién che phu thuc vat khac nhau (bao g@)m dét trong
sau dét, keo 1 ndm tuéi, keo 2 ndm tuéi, keo 3 ndm tuéi, keo 4 nam tudi va keo 5 nim tuéi) tur thang 7 to1 thang
9 nam 2019. Mt s6 nhan t6 tiém ning anh hudng t6i do thim nudce cua dat ddng thoi duoc xac dinh gdm nhing
tinh chit vat 1y cua dat va didu kién che phu thuc vat cua ring trong keo. Nhitng két qua chinh cho thay: (1) Téc
d6 tham theo thoi gian cua rimng trong keo ¢6 xu hudng giam theo thoi gian. Ca téc d6 thim ban du va tdc do
thim 6n dinh déu ting tir dat trong (tuong Gmg 1a 7,9 mm/phut va 1,2 mm/phut) dén rimg keo trong 5 nam tudi
(twong g 1 14,2 mm/phut va 2,5 mm/phut); (2) Tc do thim theo thoi gian c6 mbi quan hé rd rang véi tinh
chét vat 1y ctia dt va do che phu thyc vat. Téc do thim ban dau c6 mdi quan hé chit v6i do che phi thue vat (R
=0,84), d6 x0p (R = 0,87) va 46 am ctia dat (R = -0,87), nhung khong c6 mbi quan hé dang ké véi ty trong dic
(R =-0,22). Téc d¢ tham 6n dinh ciing c6 quan hé rd rang vi do che phu thyc vat (R = 0,70), trong khi no khong
¢6 mdi quan hé dang ké voi do x6p (R = 0,53), ty trong (R = -0,51) va d6 am cua dit (R = -0,44); (3) Két qua
nghién ciru cho thiy rang toc d6 thim nudc dudi rimg trong keo cao hon & 6 dét tréng sau dot. Didu d6 co thé

dugc giai thich rang ré& cay va do che phu thuc vat c6 anh huéng quan trong téi dic tinh thim nude cia dat.
Tir khoa: dat tréng sau dét, diu nguf‘)n, diéu kién che phii thuc vat, d thAm nwéc, mé hinh rirng tréng keo.
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