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Abstract. This study was conducted in Phu Da town and Vinh Xuan commune, Phu Vang district, Thua
Thien Hue province, with the aim of evaluating and mapping soil properties, including pHxci, total nitrogen,
electrical conductivity, total phosphorus, total potassium, and soil organic carbon. The results showed that
most soil properties in the study area were low; the soil was poor in organic carbon and acidic, with a notable
decrease in organic carbon content compared to previous studies (0.69% compared to 0.86%). Three out of
six soil quality indicators—soil acidity, total nitrogen, and total phosphorus—showed statistically
significant differences between land use types. This difference was observed between the two-season rice
land use type and all other land use types. This study employs the Ordinary Kriging interpolation method
for soil quality indicators mapping. However, the results indicate that the map's accuracy is relatively low.
This finding suggests that conventional interpolation methods, which rely on distance and sample residuals,
may not be appropriate for soil quality indicators mapping. Consequently, there is a need to explore and

apply alternative methods to enhance mapping accuracy.
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1 Introduction

The sandy coastal and lagoon areas account for nearly 7% of the total natural area of Thua
Thien Hue province. These areas are mostly concentrated in the districts of Quang Dien, Phong
Dien, and Phu Vang, covering approximately 20,000 hectares. Of this, Phu Vang district
encompasses about 5,000 hectares, primarily in the communes of Phu Xuan, Phu Da, Vinh Ha,
and Vinh Xuan [1]. The sandy soil in this region has been mainly formed through long-term
deposition processes at river mouths and coastal areas [2]. The soil texture is characterized by
sandy, with sand amount accounting for 68.24% to 85.28%, resulting in rapid water infiltration
and drainage. Basic soil nutrient indicators are low, making the land less suitable for agricultural
development [3]. However, despite these challenges, agricultural production remains a key
development direction for the locality alongside fishing and aquaculture. Therefore, the area of
sandy soil still plays an important role in stabilizing local livelihoods. The long-term arrangement

of agricultural land use types will impact soil quality indicators, while the development of new
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methods for managing and using sandy soil is crucial for improving crop productivity and

contributing to sustainable land use [4].

Phu Da town plays a particularly important role as the location of Phu Vang district’s
government agencies and is currently hosting numerous projects and programs for socio-
economic development. Consequently, the conversion of land use from agricultural to non-
agricultural purposes is frequent, which places certain pressures on land use and agricultural
production activities. Meanwhile, Vinh Xuan commune, with its unique location bordering both
the sea and Tam Giang lagoon, features diverse land use types but also faces significant risks of
land degradation. In recent years, the coastal and lagoon sandy areas in these two localities have
undergone diverse land use changes, including the cultivation of short-term crops that yield low
economic returns. Many areas of land used for single-crop rice production have been abandoned,
leading to desertification. One of the main reasons for this issue is the lack of sufficient
information among land users about soil quality, resulting in inadequate planning for fertilizer
investment and soil improvement measures. Therefore, a study to evaluate some selected soil
properties in Phu Da town and Vinh Xuan commune is of great significance, with the following
specific objectives: (i) Determine soil properties including organic carbon content, total nitrogen,
total phosphorus, total potassium, electrical conductivity, and soil pH; (ii) compare soil properties
across different land use types; and (iii) develop a soil properties map for the study area.

Most research on soil properties in sandy soils focuses solely on the values of soil
indicators. In our study, we not only determine the values of soil properties but also explore the
differences among these properties across various land use types, as well as the potential for
applying spatial interpolation techniques for soil mapping. This comprehensive approach

provides valuable insights that can facilitate deeper investigations in future research.

2 Methodologies

21  Soil sampling and soil analysis

The study area encompasses the entire administrative boundary of Phu Da town and Vinh
Xuan commune in Phu Vang district, Thua Thien Hue province. Phu Da town covers a total area
of 2,966 hectares, with agricultural land comprising 1,542.54 hectares (52.04%), non-agricultural
land 1,155.94 hectares (38.97%), and unused land 266.58 hectares (8.99%) [5]. The total population
of Phu Da town is 11,696 people, with agricultural laborers constituting 60% of the working-age
population [6]. A notable characteristic of Phu Da town is its extensive inland sandy land,
influenced by the lagoon to the east of the town. Vinh Xuan commune has a total area of 1,809

hectares, with nearly 200 hectares dedicated primarily to rice production during the winter-
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spring crop and 148 hectares used for growing various other crops [6]. The population of Vinh

Xuan commune is 6,648 people, with the majority engaged in aquaculture and fishing [6].

The study collected 50 soil samples across five different land use types from February to
March 2024, as detailed in Table 1 and illustrated in Figure 1.

The samples were taken from depths of 0 to 30 cm, naturally dried, and then analyzed in
the laboratory of the University of Agriculture and Forestry, Hue University. The analytical
methods employed in this study are presented in Table 2.

Table 1. Soil samples information

Land Use Types Phu Da Vinh Xuan No of samples
Abandoned land, grass 7 3 10
Vegetables and annual crops 4 6 10
Acacia, melaleuca, and casuarina 5 5 10
Paddy rice (2 seasons) 10 0 10
Paddy rice (1 season) 3 7 10
Total 29 21 50

Table 2. Laboratory analysis methods

Indicators Unit Method Reference

Soil pHxkal pH met TCVN 5979:2007
Total nitrogen (N) Y% Kjeldahl TCVN 6645:2000
Electrical Conductivity (EC) mS/cm HI98331 instrument TCVN 6650:2000
Total phosphorus (P205) % Spectrophotometer TCVN 8940:2011
Total potassium (K20) Y% Flame photometer TCVN 8660:2011
Organic Carbon (OC) % Walkley-Black TCVN 8941:2011
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Figure 1. Soil sampling locations

2.2 Geographical Information System

The locations of soil samples are recorded as XY coordinates in the UTM coordinate system
with the 48 North projection. Various spatial interpolation methods are available for constructing
maps of soil quality indicators, each with its own advantages and disadvantages. The choice of
method depends on factors such as the scale of the area, the distance between sampling points,
and the number of samples [7, 8]. In this study, we used the Ordinary Kriging interpolation
method to create maps of soil properties due to its availability and simplicity of implementation.

A total of 35 samples were used for interpolation, while 15 samples were reserved for evaluating
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the interpolation results based on the Root Mean Square Error (RMSE) and the R? correlation

coefficient.

2.3  Statistical Analysis

The study used SPSS 20 to analyze and process statistics, including the calculation of
average values and standard deviations. Additionally, the ANOVA (post-hoc) method was
employed to compare soil property values across different land use types. The Root Mean Square

Error (RMSE) of the interpolated values was calculated using the following formula:

— 2
RMSE; = [Trtn Wt ()

Where RMSE; represents the Root Mean Square Error for soil property i; n is the total
number of measured samples; V;, and V}, are the measured and interpolated values of soil
property i at the same point, respectively. The closer the RMSE value is to 0, the more accurate

the interpolation results are.

Use R? to evaluate the accuracy of the interpolation results. The formula for calculating R?
is as follows:

S (Vim—Vp)”
RE=1- Seate O

Where 1, is the mean of the measured values of soil property i.

An R? value closer to 1 indicates a better fit between the measured and interpolated values,

reflecting higher accuracy in the interpolation results.

3 Results and discussions

3.1 Soil properties in Phu Da town and Vinh Xuan commune in Phu Vang district, Thua
Thien Hue province

The soil property indicators of the study area are detailed in Table 3. Compared to previous
studies on sandy soils across Vietnam [9], the soil in the study area exhibits significantly lower
levels of organic carbon and total potassium. Conversely, the total phosphorus content is higher,
while other indicators remain largely unchanged. It is evident that the sandy soils in Phu Da town
and Vinh Xuan commune are of low quality, characterized by poor humus content and high
acidity, which is consistent with the general condition of sandy soils in Thua Thien Hue province
[4]. This poor soil quality may be a key factor in why these areas are often abandoned, exacerbated
by the inappropriate use of fertilizers that further degrades the soil.
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Table 3. Soil property indicators

Value
Soil property indicator
Min Max Mean Std

Soil pHKCI 441 4.75 453 0.06
Total nitrogen (N) % 0.05 0.09 0.07 0.007
Electrical Conductivity (EC) 0.40 0.96 0.64 015
mS/cm

Total phosphorus (P205) % 0.09 0.14 0.12 0.01
Total potassium (K20) % 0.03 0.07 0.05 0.006
Organic Carbon (OC) % 0.46 1.08 0.69 0.11

Soil acidity (pHKC1)

Soil acidity directly affects soil chemical parameters. The study found that soil acidity in
Phu Da town and Vinh Xuan commune ranges from 4.41 to 4.75. This level indicates that the soil
in the study area is acidic, which presents significant challenges for agricultural production.
These findings are consistent with previous studies on coastal sandy soils in Thua Thien Hue

province [10].

Total nitrogen (N)

The nitrogen (N) content in the soil of the 50 samples ranged from 0.05% to 0.09%, with an
average value of 0.07% and a standard deviation of 0.007%. Most samples had values between
0.06% and 0.08% (accounting for 88% of the total samples), indicating a fairly even distribution
of N values. Compared to recent studies [11], the variation in these samples was smaller. This
reduced variation may be attributed to the study's limited scope, focusing only on the
administrative boundaries of the two communes, which resulted in less variation in N content

between the samples.

Electrical Conductivity (EC)

The electrical conductivity (EC) index is crucial for assessing soil salinity, which directly
impacts crop yield and quality. EC values are closely related to the concentration of dissolved salt
ions in the soil solution. Our result indicates that the EC values in the study area range from 0.40
mS/cm to 0.96 mS/cm, suggesting that the soil is relatively low in nutrients. Some studies

recommend that the optimal EC value for most crops is between 0.8 mS/cm and 2.2 mS/cm [12].

10
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Total phosphorus (P205)

The P20s content in the soil of the study area ranges from 0.09% to 0.14%, with an average
value of 0.12%. This is higher compared to the average P2Os content of 0.04% found in sandy soils
across Vietnam [13]. The variation in P20s content in the study area indicates that this parameter
has increased significantly, exceeding 2 to 3 times [3] compared to 20 years ago and
approximately 1.2 to 1.4 times compared to results from 5 years ago [11]. Thus, it is evident that
the P20s content in the soil of the study area has increased over time. The increase in P20s content
may be attributed to fertilizer application during land use. Previous studies have noted a positive
correlation between P20s levels in the soil and the amount of chemical fertilizers applied [14]. In
a study conducted in another coastal area, the total phosphorus content of the soil increased by
66% over a 10-year period, rising from 0.12% to 0.20% due to the effects of cultivation practices
[15].

Total potassium (Kz0)

The total potassium content ranges from 0.03% to 0.07%, with an average value of 0.05%.
Most samples with low K20 content (<0.05%) are concentrated in the southeastern part of the
study area. Compared to previous studies [3], [11], this indicates a significant reduction in K20
content, by approximately 2 to 3 times. Farming practices, particularly the cultivation of short-

term crops, may be a contributing factor to this decline, as noted by recent study [16].

Organic Carbon (OC)

The research results show that the organic carbon (OC) content in the soil of the study area
ranges from 0.46% to 1.08%, with the majority of samples falling between 0.6% and 0.8% (33 out
of 50 samples). Twelve samples have values below 0.6%, and only 5 samples exceed 0.8%. Bui Thi
Phuong Loan analyzed the OC content of 86 sandy soil samples from the North Central region,
including Thua Thien Hue, finding that OC content ranged from 0.29% to 0.99% [11]. Similarly,
Nguyen Truong Giang's analysis of 42 sandy soil samples in Quang Ngai province showed OC
content ranging from 0.29% to 1.11% [17]. Thus, the OC content in coastal and lagoon sandy soils
in Phu Da town and Vinh Xuan commune is quite comparable to that of the North Central region
as a whole. Notably, the current OC values show a decreasing trend compared to previous studies
in the same area, with a reduction of approximately 0.15% to 0.2% [3]. This decline may be
attributed to the sandy texture of the soil, which limits the formation and accumulation of organic
matter. Additionally, agricultural practices may contribute to the reduction in OC content over
time. Therefore, measures are needed to restore OC content in the study area.

11
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3.2  Soil properties and land use types

The values of soil properties by land use type and commune are presented in Table 4. In
this table, the mean values differ from those of the entire study area due to the varying number
of soil samples collected in each commune. Consequently, these values cannot be used to make

direct comparisons between communes.

The ANOVA technique was used to analyze soil property indicators in the study area
based on land use types. The results indicate that, at a 95% confidence level, there are statistically
significant differences in the indicators of pH (KCl), total nitrogen, and total phosphorus among
different land use types. The remaining indicators did not show statistically significant

differences.

A detailed post-hoc analysis of the indicators with significant differences among land use

types is presented in Table 5.

Table 4. The value of soil properties by land use types and communes

Land Use Soil pH N (%) EC (mS/cm) P205 (%) K20 (%) OC (%)
Type Phu Vinh Phu Vinh Phu Vinh Phu Vinh Phu Vinh  Phu Vinh
Da Xuan Da Xuan Da Xuan Da Xuan Da Xuan Da Xuan
Abandoned

448 453 0071 0064 062 064 012 013 0.051 0056 058 0.83
land, grass

Vegetables
and annual 451 452 0.074 0072 069 059 012 013 0.052 0.056 060 0.70
crops

Acacia,
:I‘Ealeuca’ 451 455 0070 0065 067 064 011 013 0051 0056 0.60 076

casuarina

Paddy rice

459 N/A 0076 N/A 068 N/A 011 N/A  0.051 N/A 075 N/A
(2 seasons)

Paddy rice

448 453 0.076 0.064 0.58  0.66 012 012 0.050 0.049 0.68 0.71
(1 season)

Table 5. The value of soil properties that have significant differences by land use type

Soil properties

Land Use Types
pHKCI N (O/o) P20s (O/o)
Abandoned land, grass 4,502 0,0682> 0,122
Vegetables and annual crops 4,522 0,073 0,132
Acacia, melaleuca, and casuarina 4, 53ab 0,0672 0,132
Paddy rice (2 seasons) 4,58 0,075 0,100
Paddy rice (1 season) 4,512 0,0682> 0,132

12
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Table 5 shows that there are significant differences in soil acidity between abandoned land
without agricultural cultivation and land used for two-season rice cultivation. In the study area,
rice farmers commonly use lime to raise soil pH, creating a more favorable environment for
nutrient absorption by rice plants. Additionally, areas used for two-season rice cultivation are
often flooded during the rainy season, which can leach soil acids annually and reduce soil acidity
compared to other regions in the study area. This result is consistent with the findings of recent

publication [15].

The total nitrogen content in soil is highest in two-season rice fields and lowest in areas
with Acacia, Melaleuca, and Casuarina. This is due to several factors, such as the use of fertilizers
and the practice of incorporating crop residues into the soil, which continuously adds organic
matter and contributes to increased total nitrogen content, given the strong correlation between
organic matter and total nitrogen in the soil [18]. However, the total nitrogen content in sandy
soils in Thua Thien Hue does not have a strong correlation with available nitrogen content, so
this factor alone cannot be used to conclude that higher total nitrogen indicates better soil quality

for crops [19].

The total phosphorus content in two-seasons rice fields is lower compared to all other land
use types. Although this land use type involves applying a complete N-P-K fertilizer, some
studies suggest that over time, rice cultivation can lead to phosphorus deficiency in the soil as
rice plants absorb phosphorus during root development and tillering. Therefore, selecting an
appropriate fertilization formula is essential to ensure adequate phosphorus supply for rice, with

a minimum recommendation of 50 kg P205/ha/season [20].

3.3  Soil properties mapping

The Ordinary Kriging spatial interpolation method, integrated into ArcGIS 10.3, was used
to interpolate soil indicators for Phu Da town and Vinh Xuan commune based on measurements
from 35 points (with 7 randomly selected samples from each land use type out of 10 total
samples). The results are shown in Figure 2, and the accuracy of the interpolation model is
presented in Table 6.

Table 6 shows that the interpolation results for soil indicators in the study area have
medium accuracy. This is because the Ordinary Kriging method only considers two factors for
interpolation: the distance between points and the spatial distribution of data among points for
the same indicator. However, soil properties are influenced by additional factors such as
topography, hydrology, and land use [21]. Therefore, selecting the appropriate interpolation
model is crucial when creating soil property maps. While several models that incorporate

correlations between environmental factors are widely used, it is essential to identify and select

13
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Table 6. The accuracy parameters of spatial interpolation

Soil properties RMSE R?
pHxa 0.05 0.47
N (%) 0.006 0.40
EC (mS/cm) 0.09 0.58
P205 (%) 0.009 0.59
K20 (%) 0.002 0.54
OC (%) 0.05 0.55
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Figure 2. Soil properties maps of Phu Da and Vinh Xuan

the relevant environmental variables using techniques such as principal component analysis or

correlation analysis [8].

Figure 2 shows that the soil pH in the study area is relatively low, ranging from 4.46 to

4.82. The Northeastern Phu Da town has the lowest soil pH, corresponding to the highest TN

content. Our findings also agree with [22] suggesting that low soil pH leads to higher nitrogen

content due to the decomposition of acidic organic matter. On the other hand, the highest pH led

to the highest OC content in the North of Vinh Xuan commune. It would be explained by the

14
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reduced microbial decomposition, in which, the rate of organic matter decomposition slows
down due to higher pH, resulting in more OC accumulation. Besides, [23] demonstrated that as
avalue<4.5 or>8.0, pH had a negative correlation with soil organic carbon due to corresponding
degradation. However, soil pH showed negligible effect on the soil TN, and OC in other areas.
The interpolation of soil quality criteria values often yields varying results, depending on the
chosen interpolation method and the characteristics of the data. This topic remains a subject of
ongoing debate. However, numerous studies have indicated that relying solely on the Ordinary
Kriging (OK) method may not be suitable for interpolating values such as electrical conductivity
(EC), pH, or soil moisture [8, 24, 25]. The primary limitation of this method is its heavy
dependence on the number of samples and their spatial distribution. This highlights the need for
geoscientists to carefully select appropriate interpolation methods for each soil parameter within

the study area.

4 Conclusions

This study provides quantitative data on six physical and chemical soil properties, serving
as a foundation for agricultural policymakers and land users to implement appropriate actions
aimed at improving soil fertility and ensuring sustainable, rational land use. The analysis reveals
differences in certain soil indicators across various land use types; however, further research
utilizing multi-temporal data is necessary to determine how these land use types interact with

one another.

Currently, the maps produced have an acceptable level of accuracy, with an R? value of
approximately 50%, which limits their utility to reference purposes in agricultural planning at a
moderate scale. For more detailed planning, such as agricultural production zoning, it is essential
to increase the number of samples. Additionally, future studies should compare different

interpolation methods to identify the most suitable approach.
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