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Abstract: The Total Nitrogen(T-N) and Total Phosphors(T-P) contents in the soils of three riparian
forests with poplar trees were compared with the surrounding cultivated and uncultivated lands.
Three key results were obtained by analyzing poplar tree volume and the T-N and T-P content in
the plant body. First, in soil surveys covering 36 points, the T-N and T-P content in the riparian
forests were 0.064% and 0.036%, respectively, whereas in non-riparian forests, they were 0.147%
and 0.101%, respectively. The two areas had significantly different T-N and T-P values. Within the
non-riparian-forest category, the T-N and T-P content in cultivated land was 0.174% and 0.103%,
respectively, showing significant differences from riparian forest values. When comparing riparian
forests and uncultivated land, the T-N contents were not significantly different (p > 0.113), but the T-P
content of 0.095% showed a significant difference (p < 0.006). Second, the total poplar tree volumes
of the riparian forest test sites 1, 2, and 3 were 466.46 m3, 171.34 m3, and 75.76 m3, respectively.
The T-N and T-P accumulation per unit area was the largest in site 1, at 497.75 kg/ha and 112.73 kg/ha,
respectively. The larger the tree volume, the larger the T-N and T-P accumulation in the plant body,
and the lower the T-N and T-P content in the soil. Third, analyzing the T-N and T-P removal rate in
relation to the environmental conditions of the riparian forests showed that site 3 had the smallest
total poplar tree content, and the T-N and T-P accumulation per unit area (ha) was also relatively
low at just 56% and 68% of the average value. The main causes of this outcome are thought to
be the differences in environmental conditions, such as the crop cultivated before poplar planting
began and the terrain. The research results verify that riparian forests with poplar trees reduced T-N
and T-P content in the soils. The growth of poplar is expected to increase the removal of T-N and
T-P from the soil and contribute to the reduction of various nonpoint source pollution flows into
rivers and lakes and to the purification of soil in flooded areas. Therefore, riparian forests can act
as a form of green infrastructure and as a system to remove nonpoint source pollution in ecological
watershed management.

Keywords: poplar; riparian forests; green infrastructure; nonpoint source pollution reduction;
riparian zone; watershed management

1. Introduction

Global climate change has increased the frequency or intensity of typhoons, floods, and droughts
in recent decades.
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These phenomena have a significant effect on rainfall patterns, which in turn cause significant
changes in runoff [1]. As runoff makes its way to rivers, lakes, and estuaries after rainfall,
high concentrations of nutrients such as nitrogen and phosphorous that have accumulated in surficial
sediments or in the groundwater worsen water quality and weaken the health of watershed ecosystems.
Cultivated land in watersheds in particular greatly depends on external inputs such as fertilizers and
compost because the land lacks the nitrogen required for the production and harvest of crops [2].
Food and energy production from agriculture, combined with industrial and energy sources, have more
than doubled the amount of reactive nitrogen circulating annually on land [3]. However, nitrogen
and phosphorous originating from over-application of fertilizers and compost are becoming major
sources of water pollution in rivers, lakes, and groundwater [4]. A well-managed supply of nutrients
does not have a severe impact on the environment, but excess nutrients that have accumulated in the
soil or on the surface are swept away together with runoff during rainfall into large bodies of water,
thus causing eutrophication. It is generally estimated that 70~80% of the nitrogen present in watersheds
is accumulated in plants and the soil or is released to the atmosphere through denitrification, while the
remainder flows into rivers [5,6]. Integrated nutrient management (INM), which precisely manages the
input and output of nutrients to balance crops while minimizing environmental loads, was introduced
in the 1980s, and since then chemical fertilizer use has improved through appropriate fertilization
management in cultivated land [7]. Consequently, the excess nutrient problem in Organization for
Economic Co-operation and Development (OECD) countries has generally improved; during the
period from 1993 to 2015, the average nitrogen balance decreased from 32.4 to 30 kg/ha/yr, and the
phosphorous balance from 3.3 to 2 kg/ha/yr. However, among the OECD countries, South Korea is
still using large amounts of fertilizers and composts, and the nitrogen and phosphorous released
from cultivated lands are still affecting water quality in surrounding water systems [8]. Various
green infrastructure techniques are being presented as part of the Best Management Practice to
reduce nonpoint source pollution that flows as runoff and base flow from watersheds into rivers
and lakes. Among these potential management techniques, riparian forests have been suggested as
an eco-friendly and sustainable measure [9,10]. Using green infrastructure systems such as riparian
forests and wetlands can complement gray infrastructure and give greater incentives while providing
more cost-effective ecosystem services that use natural forces and structures [11]. Riparian forests are
highly efficient spaces for water and material circulation, pollutant purification, and flood mitigation.
They provide people with numerous benefits such as clean air, moisture, oxygen, space for leisure,
and add value to the land. Particularly in urban areas, they are also an important nature-based solution
that mitigates the risks of, and adapts to, climate change [12].

The phytoremediation of riparian forests is a decontamination method that removes pollutants
from the ecosystem using plants before the pollutants can flow into rivers and lakes via interflow
and baseflow. The principle of phytoremediation is to remove or lower the concentration of harmful
substances in polluted water and soils, either directly via the metabolic processes of plants, or indirectly
via microorganisms in the root systems of plants [13].

In order to remove more pollutants that flow from waterfront areas into water systems, riparian
forests need to be composed of tree species that have high adaptability to the environment and excellent
growth and biomass production capabilities, such as poplar.

This is because even though the pollutant concentration in plant tissue would be relatively small,
the total amount of absorption per organism would increase with an increase in biomass [14,15].
Poplar is a common name called all species belonging to “Genus Populus”. Poplars can be found
anywhere in the world except for the tropics, and have shorter generations and easier asexual growth
than other species. Therefore, Poplar is widely used as a model breed of traditional breeding or
biotechnology in the forest field [16,17]. As an example of a tree with rapid growth, poplar has a strong
resistance to pollutants and can adapt to various environments extremely well. Since poplar stems
can grow 3~5 m and the roots 3~4 m per year, they can absorb a lot of pollutants across a large
area [13,18]. Furthermore, owing to the excellent development of rootlets, poplar trees are good at
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absorbing moisture and nutrients, and can improve soil quality by providing a good habitat for soil
microorganisms [19].

While riparian forests are efficient at removing pollutants that are flowing into rivers, scientific
research to verify their decontamination effects has been insufficient [20]. In particular, while many
studies have been conducted on water purification efficiency, case studies on soil purification efficiency,
which is highly related to base runoff, are more limited. In order to analyze the purification effect
of riparian forests, long-term monitoring data before and after planting are required, but because
field measurements are often impossible, the effect is predicted through modeling [20]. The physical,
chemical, and biological processes and outcome prediction of riparian forests can be modeled using the
SWAT-REMM (Soil and Water Assessment Tool-Riparian Ecosystem Management Model) model [21–24].
This model can be used to simulate and predict the effects of riparian forests. However, the actual effects
may vary depending on the environment, tree species, size, and tree growth stage of the area. It is also
a study that simulates the effect of improving water quality expected when planting riparian forests
throughout a specific watershed, and there is a limitation in considering land use, topography, climate,
and pollution source characteristics of a wide range of watersheds. Moreover, there is considerable
uncertainty inherent in predicted values, not actual values [24]. Recently, many poplars have been
planted near rivers and lakes in South Korea for environmental purification purposes. Yeo et al.
conducted a study on the three-year poplars planted along the river in 2010. Rather than the actual
purification efficiency of poplar considering environmental conditions such as land use before planting,
the research was conducted focusing on the estimation of nitrogen storage capacity according to
biomass growth [25]. In order to find the optimal planting and management method for poplar trees,
empirical studies on the soil purification effect, tree growth rate, and pollutant absorption ability of the
trees are necessary. In this study, the effect of soil purification and the accumulation of nitrogen and
phosphorus in trees are measured and analyzed when poplar is planted on farmland where pollutants
have been accumulated by crop cultivation in the floodplain within the dam for a long period of time
to verify and maximize the effect of the actual composition of riparian forests.

Therefore, to verify the environmental purification effect of riparian forests with poplar trees in
cultivated land in waterside regions, this study chose a waterside area of the Yongdam dam reservoir
in Jinan-gun, Jeollabuk-do as a case study site, to address the following three questions:

First, does a riparian forest have a different rate of removal of nitrogen and phosphorus from the soil
when compared to other areas?
Second, does poplar tree growth affect the accumulation rate of nitrogen and phosphorous in the trees?
Third, are there differences in the growth rate of riparian forests and in the removal of nitrogen and
phosphorous from soils depending on the environmental conditions?

The answers to these questions will contribute to the quantitative verification of the function
of riparian forests as green infrastructure and the set-up of nonpoint source pollution management
measures. Furthermore, the results can potentially be used to inform ecological watershed management.

2. Materials and Methods

2.1. Study Scope and Area

The temporal scope of this study began at the start of poplar planting in 2013, and lasted until the
analysis of its effects was carried out in 2020. The spatial scope covered three waterside areas 50,000 m2

in size, located around the Yongdam dam reservoir in Jinan-gun, Jeollabuk-do. The study area is located
in the mountainous region of the southern inland area of the Korean Peninsula, with large temperature
range and heavy snowfall and rainfall. The annual temperature is −17.7~32.5 ◦C, the average annual
temperature is 11.2 ◦C, and the average annual precipitation is 1298 mm during the last 5 years In the
study site, in the summer from July to August, 50 to 60% of the annual rainfall is rained due to the
influence of high temperature and high humidity in the North Pacific Ocean [26]. Mechanisms such
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as absorption and movement of nutrients in soil and plants can be changed continuously according
to characteristics such as precipitation and precipitation period, and the measured values of T-N
and T-P can be greatly affected by the time of investigation. Therefore, surveys and analyzes were
conducted from autumn to spring when precipitation was relatively small and there was little change.
To clearly determine the environmental purification effect of riparian forests, three riparian forests with
poplar trees that were planted over 5 years ago and sufficiently grown were selected and analyzed
(see Figure 1). The reason we chose the poplar we planted five years ago, this is because poplars are
short-lived, and if they are more than three to five years old, they can be harvested and used for wood
production and biomass. In Korea, the “Enforcement Decree of the Forest Resources Development and
Management Act” stipulates that poplars earn three years. In this regard, poplars that have been over
five years have been selected as materials for this study

1O Test site 1: 63-1, Unbong-ri, Jucheon-myeon, Jinan-gun
2O Test site 2: 570-44, Wolpyeong-ri, Jeongcheon-myeon, Jinan-gun
3O Test site 3: 778-1, Galhyeon-ri, Sangjeon-myeon, Jinan-gun
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Figure 1. The study area.

2.2. Planting Poplar for Test

To support the growth of the poplar trees, a 1.5 m-wide drainage channel was installed outside
the sites, and the soil was dug more than 0.3 m in depth and turned over to improve the aeration and
physicochemical properties of the soil. Next, at each site, year-old seedlings of Populus deltoides and
Populus deltoides × P. nigra hybrids were planted together along the waterside at intervals of 2 m × 2 m
(Table 1, Figure 2).
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Table 1. Area and size of riparian forests by site.

Site 1 Site 2 Site 3

•Species
Populus deltoides

Populus deltoides ×
P. nigra

Populus deltoides
Populus deltoides ×

P. nigra

Populus deltoides
Populus deltoides ×

P. nigra

•Planted area (m2) 30,000 10,000 10,000

•Planted quantity 7000 2500 2500
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2.3. Research Method

(1) Research Framework
This study aimed to investigate the environmental purification effect of planting poplars in

cultivated lands located waterside around a dam reservoir.
First, the environmental conditions of each site were identified using a review of related literature,

field investigations, and unmanned aerial vehicle (UAV) photography. Second, to verify the soil
purification effect of poplars, the total T-N and T-P content (T-N and T-P) of the soil in the poplar
plantation sites and the uncultivated and cultivated lands around them were measured and compared.
Around 50,000 m2 of three test sites planted with poplars, more than 100,000 m2 of cultivated and
uncultivated land are distributed. Ginseng, peppers, potatoes, green onions, and sesame are mainly
grown in cultivated land. Uncultivated land is a land that has not been cultivated for more than a year.
Currently, it is exposed only to the soil, or transition to natural grassland where pioneer plants such
as barnula, dandelion, and plantain grow. Third, to analyze the T-N and T-P accumulation in plants
as it relates to poplar growth, the volume of poplars at each site was measured, and the T-N and T-P
contents of the xylem samples were analyzed. Finally, the soil purification effects were compared based
on the environmental conditions of the riparian forest and poplar growth (see Figure 3).

(2) Investigation of the surrounding environment of each site
The field investigation portion of this study was conducted from September 2019 to May 2020.

For data on the general condition of the Yongdam dam, the operation data and the reservoir status
map by the dam management agency (K-water) were used. In addition, the terrain, distance from
waterfront, land-use type of the surrounding land, landscape, and drainage system of each site were
identified via fieldwork and UAV photography.
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(3) Analysis of T-N and T-P content of the soil
To examine the relative soil purification effect of riparian forests on the absorption of nonpoint

source pollution, soil analysis was performed at a total of 36 points, including 12 points in the three
riparian forest sites, nine points in uncultivated land, and 15 points in cultivated land. The specific
sampling points were randomly selected at each site. The soils of three places at each site in the study
area were sampled by digging the earth to a depth of 30 cm and were thoroughly mixed into one
sample to improve the representativeness of the sample. The homogenized soil collected at the site
was stored in a polyethylene vinyl bag and transferred to the laboratory. Spread polyethylene vinyl,
thinly spread the soil over it, and dry it in the air. The soil samples were air-dried and filtered through
a 2 mm sieve before they were used for analysis. To determine the T-N content, the sample was
pretreated using the Kjeldahl method, where the H2SO4 solution was titrated using a digital burette,
and the endpoint where the solution turned from blue to pink was recorded. The concentration of
sulfuric acid solution was 8 M H2SO4. To determine the T-P content, the sample was decomposed
using HClO4, and the phosphorous in the product was measured using colorimetry. The concentration
of HClO4 was 60%. UV/VIS Spectrophotometer was used for the colorimetry.

(4) Analysis of T-N and T-P content of the plants in the riparian forests
To analyze the nonpoint source pollution absorption effect, the poplar tree volume at each of the

three sites was measured. First, the standardized sampling area was set at 0.02 ha or 2% of the site
area, and sites 1, 2, and 3 had 3, 2, and 2 sampling sites, respectively. A total of 290 poplar trees were
used to measure the volume of trees, and there were 118, 72, and 100 for each test site. Tree height and
tree diameter at 1.3 m from ground-level were measured in the standard land. Next, the total volume
of poplar parts above ground was calculated for each site by using the stem and branch volume table
for poplars provided by the Korea Forest Service (2018).

To investigate nonpoint source pollution accumulation in poplar plants, sample trees were selected
at each site and all the aboveground parts were harvested. A total of 21 samples were collected from
three test sites. There were 9, 6, and 6 samples for each site, and 7 samples for each stem, branch, and
leaf parts. The samples collected for each stem, branch, and leaf parts were dried and crushed to pass
through a 40 mesh sieve, and then T-N and T-P were analyzed. For plant analysis, each sample collected
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was analyzed part by part after being treated with a H2SO4-HClO4 decomposition solution. The T-N
content was analyzed using the Kjeldahl method. The T-P content was analyzed using an inductively
coupled plasma spectrometer (ICP).

(5) Comparison of environmental purification effect according to environmental conditions and
tree growth rate

To compare the environmental conditions and purification effect of the three sites,
the environmental characteristics, poplar volume, T-N and T-P content in poplar trees, and T-N
and T-P content in the soil of each site were recorded. Environmental conditions such as pre-plant
cultivation form and soil, topography, land use type, etc. were compared with the purification effect.

(6) Statistical analysis
The T-N and T-P content in the soil of the riparian forest with poplar trees and the non-riparian

forests were compared. The T-N and T-P in the soil were then measured and analyzed. In addition,
the significance of the results was verified by conducting a normality test and t-test using the statistics
program SPSS (ver. 24).

3. Results

3.1. Status of Test Sites

(1) Test site environment
The Yongdam dam reservoir, the test site of this study, is located in Jinan-gun, Jeollabuk-do,

which is at the highest upstream part of the Geum River, a major river. The watershed area is 930 km2,
the reservoir area is 31.4 km2, and the total water storage capacity is 0.82 km3. The maximum water
level the dam can hold is 265.5 m, and the normal high-water level is 263.5 m. A large land area
approximately 1.2 km2 in size is in the floodplain and waterside area, at the confluence of multiple
tributaries that flow into the reservoir. Agricultural activity continues to be carried out here [27].

Test site 1 is a floodplain located 13 km upstream from the dam. It has a linear shape with a length
of 483 m, an average width of 50 m, and an average elevation of 268 m. It is on a gentle slope with
a gradient of 2.9% from the road to the river. It is on the left side of the river, and on the other side
is a forest dominated by broad-leaved trees such as oaks and larches [28]. The land near this site is
used for various purposes depending on the terrain, and includes farmland, road, residential area,
and forest. In the farmland, ginseng, red pepper, and potatoes are cultivated, and the test site used to
be a field before the poplars were planted. The soil is a sandy loam soil with a high ratio of sand to clay.
The source of nonpoint source pollution was found to come from the agricultural canals of nearby
farmland, residential areas, and roadside ditches pass through this test site and flow to the river.

Test site 2 is a floodplain located 18 km upstream from the dam. It has a length of 240 m and
an average width of 30 m, with an average elevation of 265 m. It is on a gentle slope with a gradient of
2.7% from the road to the river. The site is located on the left bank at the river’s curve, and is more
than 20 m away in horizontal distance from the usual water level line of the river. As with test site 1,
it was used as a field before it was replanted with poplars. In the farmland on the right side of the
river, peppers, green onions, and sesame seeds are grown on a large scale. The soil is a sandy loam soil
as in test site 1. As there is no nearby farmland, the assumption was that there would be few nonpoint
source pollution flowing directly into the river during rainfall, but farmland runoff on the right side of
the river was found to flow through this site.

Test site 3 is a floodplain located 23 km upstream from the dam and has a length of 185 m,
an average width of 55 m, and an average elevation of 264 m. It is on a relatively steep slope, with a 9.7%
gradient between the road and river. It is located on the right side of the river, and there is a small
farm, a road, and a forest with oaks and larches nearby [28]. The nearby farmland is small, with an
area of about 100 m2. It is mostly uncultivated and was considered to generate only minimal pollution.
This site was a field before the poplars were planted, and unlike test sites 1 and 2, the soil here has
a high ratio of clay to sand (see Figure 4).
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3.2. Soil Analysis of Test Sites

3.2.1. T-N and T-P Content in the Soil of Each Test Site

The T-N and T-P content in the soil of the 3 riparian poplar forests were compared. At each test
site, 4 samples were collected from the riparian forest, 5 samples from cultivated land near the riparian
forest, and 3 samples from uncultivated land. Thus, a total of 36 soil samples consisting of 12 samples
from riparian forests, 9 samples from uncultivated land, and 15 samples from cultivated land were
analyzed. The T-N and T-P contents in the soil at each sampling area and the mean values for each site
are outlined in Table 2.

At every site, the T-N and T-P content in the soil from riparian forests were lower than those of
the nearby uncultivated and cultivated land. The average T-N and T-P content in the soil from test site
1 were 0.03% and 0.005% for riparian forests, 0.133% and 0.119% for uncultivated land, and 0.22% and
0.095% for cultivated land, respectively. In test site 2, they were 0.079% and 0.031% for riparian forests,
0.076% and 0.069% for uncultivated land, and 0.134% and 0.107% for cultivated land, respectively.
In test site 3, they were 0.082% and 0.073% for riparian forests, 0.101% and 0.099% for uncultivated
land, and 0.167% and 0.108% for cultivated land, respectively.
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Table 2. Soil analysis measurements of each test site.

Point of
Investigation

Site 1 Site 2 Site 3

T-N (%) T-P (%) T-N (%) T-P (%) T-N (%) T-P (%)

Measure Mean Measure Mean Measure Mean Measure Mean Measure Mean Measure Mean

Poplar
forest

1 0.047

0.030

0.001

0.005

0.002

0.079

0.001

0.031

0.160

0.082

0.092

0.073
2 0.035 0.008 0.166 0.051 0.059 0.073

3 0.007 0.001 0.074 0.017 0.047 0.062

4 0.030 0.008 0.072 0.055 0.063 0.064

Uncultivated

5 0.130

0.133

0.160

0.119

0.032

0.076

0.140

0.069

0.190

0.101

0.180

0.0996 0.120 0.101 0.115 0.012 0.052 0.055

7 0.150 0.096 0.081 0.055 0.062 0.062

Cultivated

8 0.230

0.220

0.152

0.095

0.320

0.134

0.063

0.107

0.370

0.167

0.110

0.108

9 0.330 0.045 0.043 0.069 0.089 0.077

10 0.150 0.020 0.058 0.114 0.097 0.105

11 0.190 0.119 0.048 0.128 0.138 0.125

12 0.200 0.141 0.200 0.160 0.140 0.123

3.2.2. Comparison of Mean T-N and T-P Values in Soils

The mean T-N and T-P content in the soil taken from 36 points in three sites were analyzed, and the
mean T-N and T-P values of riparian forests, uncultivated land, and cultivated land were compared.
The mean T-N and T-P values across all points were 0.119% and 0.079%, respectively. The mean values
for the 12 points in riparian forests were 0.064% and 0.036%, respectively. The mean values for 9 points
in uncultivated land were 0.104% and 0.096%, respectively. Furthermore, the mean values for 15 points
in cultivated land were 0.174% and 0.103%, respectively (Table 3).

Table 3. Mean T-N (Total Nitrogen) and T-P (Total Phosphors) content in each site.

Site 1 (%) Site 2 (%) Site 3 (%) Mean (%)

a b c a b c a b c a b c

T-N 0.030 0.133 0.220 0.079 0.076 0.134 0.082 0.101 0.167 0.064 0.104 0.174

T-P 0.005 0.119 0.095 0.031 0.069 0.107 0.073 0.099 0.108 0.036 0.096 0.103

Group a: Riparian forests; b: Uncultivated land; c: Cultivated land.

The mean T-N and T-P values of the riparian forests at site 1 were 44% and 12.5% of the T-N
and T-P values averaged across all the sampling sites, respectively, thus indicating that T-N and T-P
concentration was lower here than at sites 2 and 3. The mean T-N and T-P values of the riparian forest,
uncultivated land, and cultivated land in site 2 were similar to the total mean values. The mean T-P
value of the riparian forest in site 3 was more than twice (201.6%) the total mean, whereas the mean
T-P values of the uncultivated and cultivated land were similar to the total means. In site 2, the T-N
value was lower in the uncultivated land than in the riparian forest. In site 1, the T-P value was lower
in the cultivated land than in the uncultivated land.

3.2.3. Significance of T-N and T-P in the Soils of Riparian Forests

(1) Normality test (Skewness and Kurtosis)
The normality of the T-N and T-P soil data collected across 36 sampling points was tested. This test

verifies whether the T-N and T-P measurements in the soils of riparian forests, uncultivated land, and
cultivated land satisfies the assumption of normality. The results of skewness and kurtosis were 1.171
and 1.08 for T-N and 0.089 and −0.978 for T-P, as shown in Table 4. Both T-N and T-P were found to
have normality with skewness and kurtosis values between −2.0 and 2.0.
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Table 4. T-N and T-P normality test.

N Mean SD Variance Skewness Kurtosis

T-N 36 0.119 0.090 0.008 1.17 1.08

T-P 36 0.079 0.051 0.003 0.089 −0.978

Therefore, the effect of riparian forests can be verified using the t-test, which is a parametric test,
as the T-N and T-P data showed normality.

(2) T-test analysis
First, the results of the t-test on the T-N and T-P data of riparian forests and non-riparian forests

were derived, and are shown in Table 5. The p-value for both T-N and T-P were lower than 0.05,
indicating that the difference between the soils of riparian forests and non-riparian forests were
significant (see Table 5). This indicates that riparian forests had a soil purification effect.

Table 5. T-test verification (between riparian forest and non-riparian forest).

Group N Mean SD t p-Value

T-N
A 12 0.067 0.048

−2.779 0.009
B 24 0.147 0.093

T-P
A 12 0.036 0.033

−4.343 0.000
B 24 0.101 0.046

Group A: Riparian forest area; B: Non-riparian forest area (uncultivated land, cultivated land).

The riparian forest, uncultivated land, and cultivated land were compared sequentially, and the
t-test results for T-N and T-P data are outlined in Table 6. The p-value between the soil of riparian
forests and uncultivated land was 0.113 for T-N, indicating that the difference is not significant, but the
p-value for T-P was 0.006, indicating that the difference is significant. Furthermore, the differences in
the T-N and T-P content between riparian forest and cultivated land were found to be significant.

Table 6. T-test verification (among riparian forests, uncultivated land, and cultivated land).

Group N Mean SD t p-Value

T-N

a 12 0.067 0.048
−1.664 0.113

b 9 0.104 0.051

a 12 0.067 0.048
−3.259 0.003

c 15 0.174 0.104

T-P

a 12 0.036 0.033
−3.069 0.006

b 9 0.095 0.055

a 12 0.036 0.033
−4.654 0.000

c 15 0.103 0.040

Group a: Riparian forests; b: Uncultivated land; c: Cultivated land.

3.3. T-N and T-P Content in Poplar Biomass

3.3.1. Poplar Volume and T-N and T-P Content in Plant Bodies of Each Site

To analyze the T-N and T-P content in poplar trees, the tree height and the diameter at breast
height of poplars in the sample site of each test site were first measured and analyzed. A total of 290
poplar trees were measured in the 7 sample sites across all test sites, comprising of 118, 72, and 100
trees at test sites 1, 2, and 3, respectively. The mean heights were 13.6 m, 13.8 m, and 9.8 m. The tree
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heights were found to be similar between sites 1 and 2, while the average tree height of site 3 was
relatively low. The mean diameters at breast height were 11.3, 12.6, and 8.2 cm, respectively. The tree
diameter was also relatively smaller in site 3 (Table 7).

Table 7. Growth characteristics of six-year-old poplar trees sampled to estimate growth at test forest
plantation in the riparian zone of the Yongdam Reservoir.

Site Planted Area (m2)
Sample

Number of Trees Height (m) DBH (cm)
Number Area (m2)

Site 1 30,000 3 600 118 13.6 ± 1.44
(11~16)

11.3 ± 3.49
(6~20)

Site 2 10,000 2 400 72 13.8 ± 0.97
(12~15)

12.6 ± 3.88
(6~22)

Site 3 10,000 2 400 100 9.8 ± 0.82
(9~12)

8.2 ± 1.83
(6~14)

Note: Height and DBH are shown as mean ± S.D. The values in parenthesis are ranges. DBH is the diameter at
breast height.

The volume of the stem was calculated using the stem volume table prepared by the Korea Forest
Service using the measured height and diameter at breast height of the poplar tree. Then the total
volume of poplars at each sampling site was calculated by applying the conversion coefficient for the
branch and leaf parts (1.00 for stem, 0.16 for branch, 0.02 for leaf) [29]. In addition, the T-N and T-P
concentration in the poplars were calculated using the volume and the T-N and T-P measurements for
each part of poplars at each site (Table 8).

Table 8. Volumes of trees and T-N and T-P content (mass) for each site.

Site Area (ha) Part Volume (m3) (1) T-N Ratio (%) T-P Ratio (%) N (kg) (2) P (kg) (2)

Site 1 3.00

Total 466.40 1493.25 338.18

Stem 395.25 0.24 0.06 967.05 235.83

Branch 63.24 0.53 0.11 333.06 68.09

Leaf 7.91 2.44 0.43 193.15 34.26

Site 2 1.00

Total 171.34 426.60 118.34

Stem 145.20 0.14 0.05 196.02 70.42

Branch 23.23 0.78 0.17 180.05 38.33

Leaf 2.90 1.74 0.33 50.53 9.58

Site 3 1.00

Total 75.76 214.43 68.18

Stem 64.20 0.18 0.07 114.28 47.51

Branch 10.27 0.76 0.16 78.07 16.44

Leaf 1.28 1.72 0.33 22.08 4.24
(1) Volume (m3) = stem volume × coefficient (1.00 for ‘stem’, 0.16 for ‘branch’, 0.02 for ‘leaf’). (2) Mass of N,
P (kg) = volume (m3) × ton/m3

× ratio (%) of T-N and T-P × 1000.

The tree volumes of riparian forest sites 1, 2, and 3 were 466.40, 171.34, and 75.76 m2, respectively.
Thus, the volume was greatest in site 1, which has the largest area. The volume of site 2 was
approximately twice as large as that of site 3, despite both sites having the same area. An analysis of
the T-N and T-P accumulation in the trees revealed that accumulation was largest in site 1, at 1493.25,
and 338.18 kg, respectively. T-N and T-P accumulation in the trees in site 2 were 426.60 and 118.34 kg,
respectively, a two-fold accumulation compared to site 3. In all the sites, the T-N and T-P accumulation
was highest in the stem, which has the largest volume, followed by branches and then leaves.
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3.3.2. Comparison of Volume Per Unit Area and T-N and T-P Accumulation in Poplars

The volume of poplars per unit area (ha) and the T-N and T-P accumulation were compared among
the test sites. The total mean volume per ha was 134.19 m3, and the mean volumes per ha of sites 1 and
2 were similar at 155.45 and 171.34 m3/ha, respectively. However, it was low at site 3, at 75.76 m3/ha,
which is just 56.5% of the mean. The total mean value of T-N accumulation per ha was 379.59 kg,
and T-N accumulation per ha in sites 1 and 2 were similar at 497.75 and 426.60 kg/ha, respectively.
However, it was 214.43 kg/ha for site 3, which was only 56.48% of the mean. The total mean T-P
accumulation per ha was 99.75 kg/ha, and the T-P accumulation per ha in the 3 sites were 112.73 kg/ha,
118.34 kg/ha, and 68.18 kg/ha, respectively, showing a similar trend as that of T-N (Figure 5).
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Figure 5. Comparison of volume per unit area and T-N and T-P accumulations in poplars.

3.3.3. Differences in Accumulation Rate by Poplar Plant Part

To compare the nutrient accumulation by poplar plant part, the T-N and T-P accumulation per
unit volume of stem, branch, and leaf parts collected from the 7 sampling sites in the 3 riparian forest
test sites were analyzed. The results generally indicated that nutrient accumulation per unit volume
was relatively high in the leaf part. In the case of T-N, the highest accumulation was observed in the
leaf part, with a mean value of 20.4 kg/m3, followed by branch and stem parts. The T-P accumulation
was also the highest in the leaf part at 3.74 kg/m3 on average, followed by the branch and stem parts
(Table 9).

Table 9. Comparison of T-N and T-P accumulations by part of poplar trees.

Sample N
T-N (kg/m3) T-P (kg/ m3)

Mean SD. Min. Max. Mean SD. Min. Max.

Stem 7 1.94 1.55 0.76 5.10 0.61 0.31 0.30 1.10
Branch 7 6.64 1.72 4.10 8.90 1.39 0.32 0.93 1.70
Leaf 7 20.4 5.40 13.10 28.10 3.74 1.41 2.20 6.30
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4. Discussion

The comparison of average T-N and T-P values in the soil of riparian forests and nearby land
reveals that the T-N and T-P values in the riparian forests were lower than in the surrounding areas.
This result clearly illustrates the value of cultivating riparian forests. Regarding the question of whether
or not a riparian forest is different in its ability to remove nitrogen and phosphorus from the soil
compared to nearby non-riparian-forest land, this study showed that, comparatively, riparian forests
can indeed remove significantly more nitrogen and phosphorous from the soil (Table 5). However,
the analysis comparing T-N values from 12 points in riparian forests and nine points in uncultivated
land showed that there was no significant difference between them. It can be inferred that the difference
in T-N reduction many be relatively low depending on the type of crops grown in the past, the amounts
of pesticide and fertilizer, and the uncultivated period. Furthermore, this result could also be due to
errors in sampling and analysis.

The T-N and T-P content of the soil from the riparian forest at site 1 was 44% and 12.5% of the mean
values across all the riparian forest sites, respectively, and is lower than in other test sites. This may
be the result of the differences in the initial soil conditions of the test sites before poplar planting,
and in the characteristics and quantity of the nonpoint source pollution that flows into the test sites.
However, the tree volume of the site 1 riparian forest was higher than in other sites, and the T-N
and T-P accumulation per unit area was also greatest here, at 497.75 and 112.73 kg/ha, respectively.
This may be because the increase in volume of poplar trees encouraged more active absorption of
nitrogen and phosphorous, which are required for growth, from the soil. In the future, the total T-N
and T-P removal from the soil is expected to increase with the growth of poplar trees.

The poplar tree volume per unit area (ha) was similar between sites 1 and 2, but at site 3 it was
56% of the average value. The T-N and T-P accumulation per unit area (ha) of site 3 was also low at
56% and 68% of the average values. Sites 1 and 2 were originally used as fields, and as sandy loam soil,
they have good soil properties. In addition, these two sites have a sufficient supply of the nitrogen
and phosphorous required for poplar growth thanks to the pollutants flowing down the gentle slope
from nearby farmlands, residential areas, and roads. In contrast, site 3 was originally used as a paddy
field. It has poor soil conditions with a high ratio of clay, bad drainage and aeration, relatively few
surrounding sources of pollution, and a steep slope of 9.7%. This result suggests that the environment
housing the riparian forests is a critical factor that influences the growth and soil purification ability of
the plants growing there.

This study found that riparian forests with poplar trees reduce nitrogen and phosphorous released
into a reservoir watershed, and that nutrient inflow, as well as environmental factors like soil and
terrain, are important factors that influence the effectiveness of riparian forest phytoremediation.
In the future, the particular relationships between these environmental factors and the growth and
purification efficiency of riparian forests with poplar trees should be analyzed, in addition to more
in-depth research on the environmental and ecological values of riparian forests.

5. Conclusions

Riparian forests with poplar trees are being cultivated near waterside areas in dam floodplains
to promote a system that reduces nonpoint source pollution while increasing biological habitats and
biomass production. This study compared and analyzed the T-N and T-P content in the soils of riparian
forests with poplar trees that cover a total area of 50,000 m2, and were planted in 2013, and the soil
T-N and T-P content of cultivated and uncultivated lands. In addition, the poplar tree volume and the
accumulated T-N and T-P content of the branch, stem, and leaf parts of poplars were analyzed. The
findings of this study are as follows.

1. T-N and T-P values obtained from soil samples from 36 points in riparian forests established
over five years ago and the surrounding areas showed normality. The T-N and T-P content of
riparian poplar forests were 0.064% and 0.036%, respectively, whereas those of non-riparian
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forests were 0.147% and 0.101%, respectively. These differences were shown to be significant
using a t-test (T-N: p < 0.009, T-P: p < 0.000). Furthermore, the difference in T-N and T-P content
was also significant between poplar riparian forests and cultivated land, which were 0.174% and
0.103%, respectively. The T-N concentration in uncultivated land was 0.104%, which did not
show a significant difference (p > 0.113) when compared to riparian forests. The potential cause
of the significant difference of the T-N value in uncultivated land could be found in the crops
grown before the land became ‘uncultivated’, the length of time the land remained uncultivated,
and the cultivation method. The T-P concentration was 0.095%, and the difference was significant
(p < 0.006). This result may be due to the absorption of nitrogen and phosphorous in the soil
through the roots of the poplar trees.

2. The total poplar tree volume of the riparian forests was 466.46 m2 at site 1, 171.34 m2 at site
2, and 75.76 m2 at site 3. The T-N and T-P accumulation per unit area was greatest in site 1 at
497.75 and 112.73 kg/ha. The greater the volume of poplar trees per unit area, the greater the
accumulation of T-N and T-P in the trees, and the lower the T-N and T-P content of the soil.
The removal of T-N and T-P in the soil is expected to increase in the future when the volume
increases thanks to the more active absorption of nitrogen and phosphorous, which required for
poplar growth. Furthermore, when the T-N and T-P content of the branch, stem, and leaf parts
of poplars were measured, the mean T-N accumulation was 0.186% for the stem, 0.687% for the
branch, and 1.968% for the leaf. In addition, the mean T-P was 0.661% for the stem, 0.144% for
the branch, and 0.364% for the leaf. As this investigation was carried out in October, nitrogen
and phosphorous content in the leaves would have decreased before the leaves fall, and some
nitrogen from the falling leaves would have been stored in the branches.

3. The average height of the poplar trees in site 3 was 9.8 m, the mean diameter at breast height was
8.2 cm, and the total volume was the lowest among the three sites. Furthermore, T-N and T-P
accumulation per unit area (ha) in site 1 were 56% and 68% of the average values, respectively;
both values were lower than in sites 2 and 3. This is potentially due to the difference in the crops
cultivated before the poplars were planted, the soil quality, and the terrain. Therefore, if these
factors are sufficiently accounted for when creating riparian forests, they may promote the growth
and purification ability of the plants.

The results of this study showed that riparian forests with poplar trees had a reduction effect of
T-N and T-P, demonstrating that these forests can reduce various nonpoint source pollution flowing
into rivers, and help restore the lower-quality soil of cultivated lands. Riparian forests with poplar
trees, which are the research theme of this study, are a nonpoint source pollution reduction system
suited for ecological watershed management, and can be utilized as a form of green infrastructure.
Furthermore, the environmental, social, and economic value of riparian forests will provide local
communities with new tools for watershed management. We recommend that this study will lead to
further research on different models of riparian forests for ecological watershed management in the
future. In order to support the results of this study, hydraulic and hydrological verification is required,
and further studies on pollutant purification mechanisms in plants and riparian forest functions in
various floodplain environments will be conducted in the future.
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