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SUMMARY

To assess impacts of clear-cutting at a pure Acacia plantation on soil and water quality, a 7-year-old Acacia forest
within the area of 2.5 ha in Hoa Binh province was selected to investigate at 2 stages: before and after clear-
cutting. 03 standard plots (500 m?/plot) at 3 positions (downhill, mid-hill and top-hill) for determining forest
characteristics, 30 sampling subplots (1 m?/plot) for monitoring forest covers and some soil properties. 15 of 30
subplots were used to measure infiltration; and 4 points along forest flow were chosen to take water sampling for
assessing water quality. Main findings include: (1) Forest cover decreased within the removal of tree, reduction
of understory vegetation cover, litter and biomass ranged from 10 to 20%; (2) Soil quality decreased by 8.35%
dropped of porosity due to the rise of 8.57% in dry bulk density; (3) Soil nutrients: Organic matter, total
Phosphorus and Nitrogen amount decreased at the proportion of 20.91%, 62.86% and 27.86% respectively after
clear-cutting; (4) Total infiltration rate decreased after harvesting. The positions that had high infiltration rate
before clear-cutting tended to infiltrate noticeably less (Downhill: reducing from 397.7 mm to 201.2 mm); (5)
Soil erosion increased significantly after cutting and was remarkably higher in comparison with other research
results due to the slope of researching area; (6) Most water quality indicators were at acceptable values, however,
TSS and COD were 180-time and 5.6-time higher than water standard at B1 category (water for irrigation)
according to QCVN 08:2015/BTNMT; (7) Some solutions suggested for sustainable management are (a)
replacing production planted forest at researching site by protection forest or natural forest or (b) remaining
commercial plantation forest but adjust management methods.

Keywords: Acacia plantations, clear-cutting, environmental impacts, Luong Son district, soil quality,

water quality.

1. INTRODUCTION

Since the 20th century, Acacia plantation
model has become popular in Vietnam while
Acacia and Eucalyptus forests accounting for
70% of the plantation area because of its fast
growth rate, short rotation and low cost (Nghia,
2003; Tuan, 2013). According to National
Agricultural Extension Center (NAEC), Acacia
trees have the characteristics of fast growth in
diameter, height and shape (with straight trunk,
small branches, good growth and development),
wide ecological range, good resistance to pests
and diseases, and the ability to adapt to many
different site conditions and soil types. There
have been many studies on Acacia plantations
done. Research results show that at young age,
Acacia plantations are at higher risk of erosion
due to lack of vegetation cover (Dung et al.,
2019; Casermeiro et al., 2004) and other effects.
As aresult of vegetation treatment, the older the
Acacia forest is, the better it is to protect the soil
(Kabiri et al., 2015).

*Corresponding author: buixuandungfuv@gmail.com

Hoa Binh is a mountainous province located
in the Northwest of Vietnam with steep hilly
terrain, high annual rainfall. Runoff and soil
erosion are two serious problems in the
management of land and water resources here.
The average loss of topsoil from erosion is 84.6
tons/ha/year (Baohoabinh.com, 2012). To solve
this problem, Department of Science and
Technology and Center for Geo-Environment
of Hoa Binh province have implemented
projects to plant pure Acacia afforestation to
green-up bare land in the watershed of Luong
Son district. According to statistics outcome of
Luong Son District People's Committee in
2016, 92% of planted forest area in the area is
covered by Acacia pure forest. However, due to
economic benefits, a short-term Acacia
plantation model (from 5 — 7 years) is preferred
by most households and forestry companies.
This rotation starts by the stages of ground
preparation and bud generating in the first 3 — 4
months. In next 3 years, thinning process is
carried out to ensure the good size and quality
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of trees. During a year after that, the forest is
maintained to grow evenly. Eventually, mature
Acacia plantation forest is clear-cut for
harvesting at the stage of the 5th — 7th year,
which makes the most impacts on surrounding
environment quality through the process of
making skid-trail, cutting down all mature trees
and transferring harvested timbers.

In fact, there have been studies on
environmental impacts of harvesting at Acacia
plantations. However, there are limitations as
they might not be conducted under uniformed
weather conditions or not yet mentioned about
the relationship between Acacia planted forest
characteristics and environmental factors
responding to clear-cutting process. The
question raised is: What are the impacts of pure
Acacia plantations on soil and water resources,
especially the change of soil and water quality
between before and clear-cutting period? To
clarify these listed issues, the research titled
"Clear-cutting of Acacia plantation in a
headwater catchment of Luong Son, Hoa Binh:
Environmental impacts and solutions for
sustainable management" was conducted. The
study focused on comparing characteristics
Acacia planted forest, soil and surface water
quality at the forest before and after clear-
cutting period. Thus, based on research results,
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potential solutions to manage Acacia plantation
forest sustainably were proposed.
2. RESEARCH METHODOLOGY
2.1. Study site

The research was conducted at Cao hamlet,
Cao Ram commune, which is located in the
northeast of Luong Son district, Hoa Binh
province with the coordinates of 20°48'26.9"
North, 105°30'40.1" East (Fig 1). Cao Ram
commune has an area of 75.67 km?. In 2018, its
total population reached 10,082 people with a
density rate of 133 people/km?®. It is in the
midland and mountainous region of northern
Vietnam, so it has a very rich and diverse
terrain. Low mountain terrain, with an altitude
of 200 — 400 m above sea level, is made up of
limestone and sediments. Because it is a
midland region where the transition between
plains and hills takes place, the climate here is
characterized by monsoon tropical type. The
average annual temperature is from 22.9 to
23.3°C with the average rainfall from 1,520.7 to
2,255.6 mm/year. The system of rivers and
streams here is evenly distributed with good
drainage capacity, which is very convenient for
the construction of flood-controlling and
irrigating reservoirs to support agricultural and
forestry production.
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Figure 1. Study site

2.2. Research methods

o  Field Observation

Acacia forest selected for investigation was
a 7-year-old plantation forest with an area of 2.5
ha located in Cao hamlet, Cao Ram commune,
Luong Son district, Hoa Binh province. The
average elevation of the study area ranged from
62 to 124 m above sea level. The average slope
was about 35.47°. The research was conducted

through two harvesting stages: before clear-
cutting and after clear-cutting. Assessing
environmental impacts based on two processes:
(1) Monitoring impacts on soil resources:
erosion level, permeability, soil properties
among different elevations A(Positions from 1-
10: downhill; 11-20: mid-hill; 21-30: top hill)
(Fig. 2) and (2) Checking surface water quality
at a flow through the forest.
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Standard plot

Figure 2. Field observation arrangement

Determining  structural — and  growth
characteristics of Acacia forest before and after
clear-cutting

3 standard plots with an area of 500 m*/plot
(25 x 20 m) were established at the altitude of
62 m - 87 m - 122 m, corresponding to the
downhill — mid-hill — top-hill positions (Fig. 2).
In each standard plot, Acacia forest structural
parameters, including diameter at breast-height
(DBH) and total height of trees (H), were
measured by a ruler tape and a Blume-Leiss.

In addition, 30 sampling subplots of 1m? area
were established at downhill, mid-hill and top
hill to investigate the indicators of canopy
cover, understory vegetation cover, and litter
cover (Fig. 2). In each plot, all grass, shrubs and
fallen leaves on the ground were cut and
weighed — after measuring soil erosion — to
determine biomass of understory vegetation and
litter cover.

Investigating soil characteristics before and
after clear-cutting

At each subplot pH and soil moisture were
directly measured. Then soil in the surface layer
of the same subplot was taken for sampling to

analyze about physical and chemical properties.
Soil samples were stored in separately labeled
zip bags and bring to laboratory for analysis.
Soil physical parameters include dry bulk
density, particle density and porosity; chemical
parameters include organic matters, organic
carbon, total phosphorus, and nitrogen amount.

Soil infiltration measurement

15/30 subplots were randomly selected to
measure soil permeability, evenly distributed
among three areas of down, mid-hill, and top
hill. At each selected position, a double-ring
infiltrometer was used to measure the temporal
infiltration characteristics of different condition
covers. Ring was 20 cm diameter and made
from steel with sharpened bottom edges. A big
hammer was used to place rings into the soil
with a depth of 5 cm. Grass was cut until nearly
to soil level. In general, the water level was kept
at or above 5 cm depth (plug a sharp nail into
center of the inner ring, then keep the nail 5 cm
above the soil). Cylinder was used to pour the
water slowly into the ring of 5-cm initial water
above the topsoil, with a 10-cm nail (Fig. 3a).
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Figure 3. (a) Soil infiltration and (b) soil erosion measurement
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Soil erosion measurement

In each subplot, the thickness of eroded soil
layer =~ was measured using  pedestal
measurement method. A grid, divided into 400
cells of 25 cm? (5 x 5 cm), was placed in the
subplot. A ruler was used to measure the
difference between the height of pedestals
(rocks, gravel, fallen leaves layer, understory
vegetation) compared to the surrounding soil.
This difference represented the amount of soil
eroding due to the lack of cover (Fig. 3b). The
result of soil erosion at each subplot was the
average value measured at 400 square cells.

The study applied, as well, a soil erosion
prediction equation under forests of Vuong Van
Quynh et al. (1996, 1997, 1999) to evaluate the
ability of soil protection and erosion control for
pure Acacia plantation models in headwater
regions. Forecast equation was as below:

2.31 x10~®Ka?

d (mm/year) = m

¢y

In which:

d: The intensity of erosion (mm/year);

a : Slope level (degree);

H: Tree’s total height (m);

TM: Litter cover;

CP: Understory vegetation cover;

X: Soil porosity;

TC: Canopy cover;

K: Rain erosion index, also known as a
measure of rain's ability, to cause soil erosion.

The amount of soil erosion was converted to
units of tons/ha/year according to the following
formula:
M = Erosion Thickness x Density x Area (2)

The result was compared with TCVN
5299:2009 to determine the level and status of
erosion.

Assessing water quality before and after
clear-cutting

For water quality indicators, surface water
samples were collected at 4 positions: 1 point
before the water flew into the forest, 2 points in
the part at forest area, and 1 point after the water
flew out of the forest. Water quality parameters
analyzed at the laboratory include pH, TSS,
COD, total amount of nitrogen and phosphorus.
Sampling and analysis procedures comply with
regulations of Ministry of Natural Resources
and Environment. Those indicators were
compared with QCVN 14:2008; QCVN

40:2011; QCVN 08:2015 standards of MONRE
on surface water for class B1 (water used for
irrigation purpose).

e Data analysis

Collected data was statistic, calculated and
charted on Excel and SPSS software. Besides,
the correlation matrix between erosion and
infiltration rate with soil and plant properties
was built on RStudio. ArcMap software was
used to perform study area and interpolate soil
infiltration map with IDW (inverse distance
weighted) technique by interpolating the
difference of soil permeability before and after
clear-cutting at points in the forest.

The results of infiltration change were
interpolated by IDW method for the whole area
on ArcGIS 10.4 software. The formula was:

Z(So0) = Z=0ZEDM (o hald, 2009) (3)

P A

In which:

Z(So): The value of the i point;

So: The position to be interpolated,

n: The number of known points within a
certain distance from the position to be
interpolated;

M is the weight of i point: Ai = 1/di;

p (di is the distance between point I and So,
P is the exponent of the distance).

The change of soil infiltration was, as well,
shown by overlaying technique to performs a
comparison between two stages. Differences at
infiltration measuring positions were calculated
by subtracting the rate after clear-cutting from
that of pre-cutting stage. Then the layer which
shown these differences was shown on the
interpolation map, where a negative value
represented a decrease, while contrarily, a
positive value expressed an increase of
infiltration rate.

3. RESULTS
3.1. Characteristics of Acacia plantation
forest response to clear-cutting

e  Forest Cover

Before clear-cutting, the average rate of
canopy cover, understory vegetation cover and
litter cover were 39.76%, 18.22% and 70.53%.
After harvesting, the canopy cover was
removed and equal to 0%. The average
understory vegetation cover and litter cover
after cutting were 15.98% and 55.82%
respectively.
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Compared between the cover before and
after clear-cutting, it’s easy to see that all of the
forest cover decreased, especially the cover of
litter sharply dropped. Litter cover was the
largest proportion compared to canopy cover
and understory vegetation cover with the range
from 58% to 86% before cutting and from
40.5% to 70.5% after harvesting. In the

harvested stage, litter cover decreased about
19.2% on average compared with understory
vegetation (13.7%). The chart also shows that
the vegetation cover under the forest in this
forest was not high, ranging from 8.5% to
26.06% for pre-harvest stage and from 8.2% to
24.19 % for harvesting stage (Fig. 4a).
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Figure 4. (a) Forest cover (%); (b) Ground cover biomass (g/m2) before and after clear-cutting

e  Ground cover biomass

At pre-harvest stage, forest biomass ranged
from 27.82 g/m® to 542.83 g/m? and at
harvesting stage it ranged from 25.47 g/m? to
496.28 g/m?. In general, both before and after
the clear-cutting stage had the trend with high
dry biomass of litter and low dry biomass of
understory vegetation (Fig. 4b).
3.2. Soil characteristics response to clear-
cutting

e  Physical properties of soil

Before harvesting, the range of particle
density was from 2.15 g/ml to 2.84 g/ml and dry
bulk density ranged from 1.18 g/ml to 1.48 g/ml
among different positions. The change in soil
properties was detected due to the change of

Acacia forest status. There was a slight rise of
3.4% 1in soil particle density at the forest.
Average particle density rose 0.07 g/mL. Dry
bulk density also increased 0.2 g/mL on
average, which means 13.3% higher. Soil
density shown soil compaction, basing on soil
composition, organic matter content, soil
texture. Depending on soil type and in different
soil layers, soil porosity is different as soil
composition and cultivation techniques were
not the same. Owing to the rise in particle and
dry bulk density, average soil porosity at the
forest decreased from 46.30% to 43.34%. In
addition, temporal soil moisture — which was
measured directly on field — decreased sharply
by 42.7% after clear-cutting. (Fig. 5).
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Figure 5. Soil properties before and after clear-cutting (a) Particle density and Dry bulk density
(g/ml); (b) Porosity and Moisture (%); (¢) Organic matters and Organic carbon (g/ml);
(d) Total Phosphorus and Nitrogen amount (g/ml)
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e  Nutrient contents of soil

In general, average soil organic matter and
organic carbon before clear-cutting was 5% and
2.9%, respectively. On the figure, it is clear to
see that all soil nutrients decreased after clear-
cutting. Organic matters had a high decrease
from 5% to 3.9% in average of 20.91% while
organic carbon decreased by 21.03% (Fig. 5¢)

Before clear-cutting, there is a large
difference between total phosphorus and total
nitrogen indicator with average value was
1.14% and 0.38%. After cutting, this difference
reduced to 0.15%. In the correlation box chart
between the percentages of total Phosphorus
and Nitrogen, there was a sudden drop of total
Phosphorus by 62.86%. Before cutting, the
Phosphorus index ranged from 0.3% to 1.8%,
but immediately, after harvesting, the
percentage of Phosphorus reached the lowest
value at 0.2%. In contrast, percentage of Nitrogen
did not change as much as Phosphorus after clear-
cutting process, but still decreased by 27.86%.
After clear-cutting, the range of Nitrogen ranging
from 0.16% to 0.38% (Fig. 5d).

In general, infiltration rates at 3 locations had
the same trend of high at first (0 — 3rd minute),
dropped rapidly from 5th — 15th minute, and
became most stable from 80th — 100th minute.
As shown in Fig. 6, l-hour accumulated
infiltration rate, initial infiltration rate and
stable infiltration rate decreased after Acacia
trees had been harvested. The average 1-hour
accumulated infiltration rate decreased from
337.4 mm to 187.6 mm with 47.67% of
downhill, 44.7% of middle hill and 40.7% of top
hill. The initial infiltration rate at downbhill
dropped most significantly from 15.5 to 8.4
mm/min. Stable rate at downhill also dropped
the most with 47.21% (Fig. 6a). Similar to
downhill, middle hill and top hill had a decrease
in initial and stable infiltration rate but not
significantly (Fig. 6). At middle hill, the initial
infiltration rate decreased from 15.48 mm/min
to 11.2 mm/min while the stable infiltration rate
decreased from 2.4 to 1.5 mm/min (Fig. 6b). At
top hill, the difference between before and after
clear-cutting of initial infiltration rate was 3.94
mm/min and stable infiltration rate was 0.95
mm/min (Fig. 6c¢).

o Soil infiltration before and after clear-cutting
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Figure 6. Average infiltration rate (a) at downbhill, (b) at mid-hill, (c) at top-hill and
(d) Average infiltrating accumulation before and after clear-cutting

Based on interpolation map for the
difference between initial infiltration rate, stable
infiltration rate and 1-hour accumulated
infiltration before and after clear-cutting, areas
with light color shown significantly decreasing
value. It also meant that the Southeast area at
the forest had smallest change in initial and
stable infiltration rate with darkest color
representing about 0.5 mm decreasing per
minute (Fig. 7a & 7b). In contrast, the Northern
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part of study site expressed in pale color shown
that it had the most significant change,
especially in 1-hour infiltrating accumulation,
from 225 to 260 mm decreasing (Fig. 7c).
Down, middle, and top-hill areas were
determined by contour lines. Positions that had
high infiltration before clear-cutting, like
downhill — for illustration, tended to have lower
infiltration after clearcutting, and vice versa.
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Figure 7. Interpolation maps of infiltration changes responding to clear-cutting of Acacia forest in
(a) Initial infiltration rate, (b) Stable infiltration rate, (c) 1-hour accumulated infiltration rate
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Compared to the total infiltration in 1 hour
among previous studies, the amount of
infiltration accumulation in 1h of Acacia
plantation ranged from 187.61 to 337.41 mm.
Among them, the figure of Acacia plantation
after clear harvesting in 2022 was lowest which
is less than that of grassland. The mix forests

such as Acacia — Pine and Acacia — Eucalyptus
had the better situation. Their amount of
infiltrated water in 1 hour were 434 and 360
mm, respectively. From this comparison, it is
clearly shown that mix Acacia plantation can
keep more water than monoculture one.

e Soil erosion responses to clear-cutting
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Figure 9. Soil erosion before and after clear-cutting by (a) pedestal measurement and
(b) predicting equation

Soil erosion measured by soil pedestal
method tended to be higher at top hill and lower
at downhill in both stages. Like the amount of
erosion measured by pedestal method, erosion
rate of prediction model at the top was higher
than at downhill and middle hill with the
amount of erosion before clear-cutting ranging
from 1.4 — 8.6 mm/year and after clear-cutting
ranging from 1.8 — 19.8 mm/year. As soil
pedestal measurement had shown, the average
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soil erosion increased 0.9 mm after harvested
stage, accounting for 39%. In Table 1, the
average predictive erosion before clear-cutting
was 53.09 tons/ha/year now increased into
110.75 tons/ha/year after clear-cutting, which
was almost double — representing an extremely
high eroding status, as comparing with TCVN
5299:2009 standard for soil erosion level. The
situation is similar to soil erosion layer
thickness measured by pedestal method, it was
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almost doubled after clear-cutting stage by
raising from 1.40 mm (before harvesting) to

2.29 mm on average.

Table 1. Descriptive statistics of soil erosion before and after clear-cutting in comparison
with TCVN 5299:2009 standard

Pedestal Predictive Predictive Level Status
Erosion Erosion Erosion of of
(mm) (mm/year) (ton/ha/year) Erosion Erosion
Bef Mean 1.40 3.89 53.09
c?e(;e Max 2.69 8.59 123.46 v Highly
cuttin Min 0.16 1.36 16.59 eroded
& Standard Deviation 0.66 1.82 27.43
Aft Mean 2.29 7.38 110.75
Cleaerr- Max 3.51 19.76 343.18 v Highly
cuttin Min 1.05 1.76 27.87 eroded
® “Standard Deviation __ 0.66 426 71.16
(2019) Bareland | 114.36
(2022) 7-year-old Acacia (post-cutting) ] 110.75
(2022) 7-year-old Acacia (pre-cutting) 53.09
(2019) 4-month-old Acacia [ ]30.33
(2019) 1-year-old Acacia []13.9
(2019) 2-year-old Acacia []13.22
(2019) 4-year-old Acacia []7.88
(2019) Grassland ]0.13
0 50 100 150

Soil Erosion (ton/ha/year)

Figure 10. Soil erosion in comparison with a previous study (Dung et al., 2019)

As shown in the previous study, soil erosion
tended to decrease along with the increase in
age of Acacia forest (Dung et al, 2019). Eroding
level in compared Acacia forest had dropped
from 30.33 to 7.88 tons/ha/year since it was 4
months old until it reached 4 years old.
However, the forest at study site reached an
extremely high level of soil erosion at the age of
7 years old (53.09 tons/ha/year). This situation
might be explained by topographical factors, or
slope in particular. At researching site, the slope
was recorded to be 35° on average, which was
significantly steeper than that of previous study
site (24° on average). The intensity of erosion
tended to rise gradually with the slope because
the slope was a key factor to determine surface
flow rate, contributing to the breakdown and
movement of soil structure (Hai et al, 2020).
After harvesting of Acacia plantation, soil
erosion at study site was estimated to be
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doubled with 110.75 tons/ha/year, which was
almost equal to the figure recorded in bare land
— 114.36 tons/ha/year (Fig. 10). This problem
might be caused by the lack of canopy cover and
vegetation cover after clear-cutting, when the
soil has less vegetative cover. Raindrops hitting
leaves, stems and other plant parts get
interrupted and redistributed, thereby reduced
the velocity of direct soil impact. Additionally,
plants have extensive root systems assist to keep
soil and Dbound it together, reducing
displacement. Therefore, vegetation that
completely covers the soil is the most effective
in controlling soil erosion (Dung and Thanh,
2020).
3.3. Water quality responses to clear-cutting of
Acacia planted forest

In general, all parameters increased after
clear-cutting. While most indicators were
acceptable according to Vietnam national
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standard on water quality, TSS and COD
exceeded hugely, which was a warning for
water use. pH and TDS of water at study site
increased significantly after clear-cutting in the
range of standards (QCVN 14:2008; QCVN
40:2011; QCVN 08:2015 of MONRE) while
these values in control forest changed
insignificantly. Moreover, TDS was recorded
for an increase of 93.59% higher than that of
before clear-cutting stage. To compare with
standards from QCVN system, the amounts of
COD and TSS had exceeded seriously. COD at
5.6-time higher than Vietnam standard Bl
(irrigation) for domestic wastewater (168 mg/L

over standard of 30 mg/L), TSS reached the
value which was 180 times higher than the
standard stated (9070.67 mg/L over standard of
50mg/L). In preharvest stage, the water quality
of the research site was better, TDS and Total
Phosphorus indicator even could not be
detected. After clear-cutting, soil erosion rose
remarkably due to the decrease of vegetation,
litter cover, porosity and other factors. It might
be a cause for the change of water quality
parameters. Surface runoff increased at the
forest and carried with it substances taken from
forest soil to downhill stream, thus reducing the
quality of water at the stream (Fig. 11).
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Figure 11. Water quality responses to clear-cutting

4. DISCUSSION
4.1. Correlations of infiltration with soil and
vegetation factors

Soil porosity, litter cover and understory
vegetation cover had remarkably high
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correlation with soil erosion. The amount of soil
eroded was negatively proportioned (R =-0.95)
with soil porosity as less surface runoff when
precipitation was infiltrated into highly porous

soil.  Additionally, ground cover from
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understory vegetation and litter had high
negative-correlation with soil erosion. The
explanation for this case was that when the
covers were numerous, the root system and litter
layer would make soil porosity raise. Soil
erosion was positively related to slope and
elevation with low correlation of 0.02 and 0.04
respectively.

After clear-cutting, soil erosion depended
more on litter cover (R = -0.95) than understory
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vegetation cover (R = -0.89) and soil porosity
(R -0.88), properly due to the fall in
vegetation cover — thus decreased root system —
and lower porosity after harvesting process took
place. The slope had more effects on the amount
of soil eroded with higher R=0.33 than before.
Soil erosion, therefore, might increase due to
the reduction of understory vegetation (13.7%
dropped) and litter layer (19.2% dropped) and
correspond with slope.
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Figure 12. Correlation between one-hour accumulated infiltration rate and other factors
(a) before and (b) after clear-cutting

4.2. Correlations of soil erosion with soil and
vegetation factors

Before clear-cutting, total infiltration amount
in one hour had a tightly positive relationship
with understory vegetation cover (R = 0.74),
litter cover (R = 0.59), soil porosity (R = 0.70).
Besides, 1-hour infiltration rate had a strong
negative correlation with soil moisture (R = -
0.85), which meant accumulation infiltration
might increase while soil moisture decreased.
Moreover, the figure showed that there was a
correlation between 1-hour infiltration and
organic matter amount in soil (R = 0.57).

However, these relationships had changed
after the clear-cutting process took place.
Permeability of soil in 1 hour then did not
depend much on soil moisture anymore (R = -
0.18) because moisture was purely a temporary
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value (varies among different measuring time).
Vegetation, litter cover and soil porosity tended
to be the key-driven factors that led to changes
in soil infiltration capability with correlation
index R equaled to 0.76, 0.67 and 0.61
respectively. This also explained for a positive
proportion with R = 0.53 of organic matters and
soil infiltration rate after the harvesting stage
that reducing overland flows (by enhancing
infiltration) could help maintain soil nutrients.
After clear-cutting, when all trees were cut
down, the decrease of forest cover (from
canopy, understory vegetation and litter) made
the soil less porous, which meant soil porosity
was lower, thus interfering infiltrating ability of
the soil at study site. Therefore, 1-hour
infiltration accumulation decreased reasonably.
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Figure 13. Correlation between soil erosion and other factors (a) before and (b) after clear-cutting

4.3. Solutions for sustainable forest
management

Implied from results, managing soil erosion
and infiltration rate should be highlighted to
minimize negative environmental impacts.
Some solutions are suggested as two scenarios
below (Fig.14).

planted forest by protection/mixed forest: With

(1) Replacing production

a steep slope of study site, it is difficult to
manage the runoff and erosion at the stage of
after-harvesting when all canopy cover is
removed, and skid-trail is made. Changing
forest type into protection planted forest is an
ideal solution that can improve forest resilience
and protect soil surface better without repeating
plant-to-harvest process. Runoff and erosion
thus may reduce by time and water quality
becomes better as less eroded soil from land
surface. (2) The second suggestion is remaining
commercial plantation forest. Planting trees
perpendicularly with contour line: Because
water flows perpendicularly with contour lines,
planting trees along contour lines may divide
runoff into little flows. Infiltration rate could
separate evenly across the hill, which can
reduce overland flow rate. Soil erosion by
thus

effectively, which leads to the improvement in

surface runoffs can be controlled

water quality. Enhancing ground vegetation
cover for soil especially after cutting stage: This
approach can reduce the effect of rainfall, thus
minimize runoff by being a physical barrier to
surface water and contribute to soil porosity by
dense root systems. Hence, soil nutrients and
water quality would further improve. Plant at
alternate stages to change/elongate a plant-to-
harvest rotation: Only a half of saplings are
planted at first, the rest will be planted later.
This way avoids clear-cutting of plantation
forest: when the first class of trees are
harvested, the second group will be remained in
the forest which can help control soil loss with
root system, interfere rainfall with canopy,
vegetation and litter cover. Improve riparian
zone along water source: High erosion reduced
water quality after clear-cutting. Riparian zone
is the barrier for the stream. By developing
riparian zone, the erosion by flow would reduce
and water quality would maintain. Avoid
prescribed burning after clear-cutting process to
maintain forest cover. Prescribed burning of
vegetation after harvesting directly affects soil
properties, water quality by removing
vegetation cover, increasing runoff as well as
erosion rate.
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Scenario 1: Replace Acacia production planted forest
to Acacia protection planted forest/natural forest

Scenario 2: Remain Acacia production planted forest

and apply protection methods

Figure 14. Solutions for sustainable management of Acacia plantation

5. CONCLUSION

Responding to clear-cutting of Acacia
plantation forest, vegetation characteristic
decreased with reduction of understory
vegetation, litter cover and biomass ranged
from 10 to 20%. Soil properties decreased
8.35% for porosity due to the rise of 8.57% in
dry bulk density and 3.4% increase of particle
density. Soil nutrient: organic matter, total
Phosphorus and total Nitrogen decreased at the
proportion of 20.91%, 62.86% and 27.86%
respectively after clear-cutting. Infiltration rate
decreased around 40% after harvesting. The
positions that had high infiltration rate before
clear-cutting tended to infiltrate noticeably less
(Downhill: 397.7 mm to 201.2 mm). Soil
erosion increased significantly after cutting and
almost doubled to compare with other research
results due to the slope of the research area (30°
- 43°). Remarkable difference between 2 period
in terms of water quality, COD and TSS are
respectively 5.6-time (with 168 mg/L) and 180-
time (with 9070.67 mg/L) exceeding the
standard of Bl category from QCVN
14:2008/BTNMT (COD = 30 mg/L, TSS = 50
mg/L); total amount of Nitrogen rose by 25%
and Phosphorus increased from non-detected to
0.7 mg/L at the outpoint of researching Acacia
forest. Some solutions recommended for
sustainable management are described as 2
scenarios: (1) Replacing production planted
forest at researching site by protection forest or

mixed forests to reduce negative environmental
impacts and (2) remaining commercial
plantation forest, yet apply some management
methods, which are (a) planting trees
perpendicularly with contour lines, (b)
enhancing ground vegetation cover, (c) planting
at alternately stages, (d) improving riparian
zone along water source and (e) avoiding
prescribed burning after harvesting process.
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KHAI THAC TRANG RUNG TRONG KEO THUAN LOAI
VUNG PAU NGUON VIET NAM: TAC PONG MOI TRUONG
VA GIAI PHAP QUAN LY BEN VUNG

Bui Xuén Diing"”, Tran Thi Tra My!, Kiéu Thiy Quynh?,
Tran Thanh Ti!, Triéu Pirc Tri', Sandar Kyaw!

"Triwong Pai hoc Lam nghiép
*Truong Pai hoc Bangor, Vieong Qudc Anh

TOM TAT

Dé danh gia tic dong cia viée khai thac tring rimg trdng keo thudn loai t&i chét lugng dit va nude, rimg keo 7
tudi voi dién tich 2,5 ha tai x Cao Rim, tinh Hoa Binh da dwoc lya chon dé diéu tra ¢ 2 giai doan: trudc va sau
khai thac. 03 6 tidu chuan 500 m? dwgc lap tai 3 vi tri chan - suon - dinh dé xac dinh ddc diém cau tric ring, lap
30 6 1 m* dé do do che pht va mot s6 dic tinh cua dat, trong d6 15/30 6 dugc chon ngau nhién dé do lwong nudc
thidm; va 4 diém doc theo khe nuéc chay qua rimg duge chon dé 14y mau nude danh gia chét lvong nude. Cac
phat hién chinh bao gom: (1) D¢ che phti rimg giam sau qua trinh khai thac, ty 1& che phii va sinh khdi déu giam
tir 10 dén 20%; (2) D6 xbp giam 8,35%; dung trong ting 8,57% va ti trong ting 3,4%; (3) Chét hiru co, Phét pho
tdng va Nito tong sb giam lan lugt 13 20,91%, 62,86% va 27,86% sau khai thac tréng; (4) Tong luong nudc thdm
giam sau khai thac. Cac vi tri ¢ ty 1é thAm cao trudc khai thac c6 xu huéng giam dang ké (Chéan nui: giam tir
397,7 mm xubng 201,2 mm); (5) X6i mon dat ting manh va cao hon dang ké so véi cac két qua nghién ciru khac
do d6 ddc ctia khu vic nghién ctru cao; (6) Hau hét cac chi tiéu chat lugng nudc déu trong ngudng cho phép, tuy
nhién TSS va COD cao hon tiéu chudn nuéce loai B (nuéc tudi tiéu) 1an luot 180 14n va 5,6 1an theo QCVN 08:
2015/BTNMT; (7) Mot sb giai phap duge dé xudt dé quan 1y bén vimng 1a (a) thay thé rimg trong san xuat tai
diém nghién ctru bang rimg phong ho, rimg ty nhién hogc (b) diéu chinh phuong thirc quan 1y bang cach trong
cdy theo duong ddng mirc; ting cudng 16p phu thuc vat va trong xen k& theo tirng giai doan.

Tir khoa: Chat lwgng dit, chit lwong nwéc, huyén Lwong Son, khai thac tring, ring trong keo, tic dong

moi treong.
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