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Abstract: Land cover changes are a prominent driver of environmental changes, impacting various ecosystem components, including 

soil properties and the dynamics of natural resources, such as the soil particle sizes and the organic carbon stock. The aim of this 

research study was to define the influence of environmental factors on a set of soil physical and chemical properties (pH, electrical 

conductivity, bulk density, soil texture, and nitrogen and soil carbon contents) in Stung Chrey Bak catchment. A total of 135 soil 

samples at 0-10 cm depths were collected all over the catchment from four dominant land cover types (i.e., dense forest, clear forest, 

brushwood, and rice field) in 1952 and 1981. All these data were mapped by combining spatial data on land cover types and for a 

visualization of soil properties at the catchment scale. For the mapping of soil properties, we used an interpolation map (IDW) with 

Quantum Geographic Information System (QGIS 3.22). The distribution of the particle sizes was mostly impacted by the topography 

rather than the land uses. On average, the soil pH values were higher in rice fields than in forested soil, while low salinity could be 

measured in the four land use types. The carbon content was higher in the dense forest soil than in the other land use types. The bulk 

density of the dense forests was 1.28g cm-3, while it reached 1.68g cm-3 on average in the other land use type. This shows that 

deforestation in the upland leads to soil compaction and a significant loss of soil C. 
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1. INTRODUCTION1 

The soil system plays a crucial role in providing key 

ecosystem services such as food production, production of 

fiber and fuel, and shelter for humans [1].The ecosystem 

process, including biodiversity preservation, hydrology, 

nutrient cycles, and plant growth are also intricately linked 

to the physical and chemical properties of the soils [2].These 

soil properties are in turn influenced by various factors such 

as the geology, biology, and climate. These factors interact 

to shape the physical and chemical characteristics of the soil, 

including its texture, structure, nutrient content, pH levels, 

and water-holding capacity. Additionally, human activities 

and land management practices can also impact the 
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properties of soil in a specific location [2]. The response of 

soil parameters to variations in land use change and cover 

(LUCC) has been studied at various temporal and 

geographical scales. Deforestation is usually associated to a 

decrease in the soil structural stability, a loss of organic 

matter, and a reduction in nutrient stock.  

       Exposing the soil to erosion in sloping lands is 

considered as a key process of soil, while the deposition of 

eroded soil from the mountainous areas to the plain might 

constitute a source of enrichment in carbon and nutrients [3]  

In addition to erosion, deforestation, intensive agriculture, 

and livestock grazing decrease soil fertility and constitute 

major sources of soil degradation worldwide [4]. For 

example, the loss of a vegetable protective cover through 

deforestation leads to a degradation of soil fertility and 

productivity due to reduced rooting depths and losses of soil 

organic matter and nutrients [5]. Cultivated land after 
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deforestation can lead to increased soil compaction, rapid 

decline in hydraulic conductivity, and infiltration capacity as 

well as reduction in carbon and nitrogen contents [6]. 

Compacted soil is also more likely to erode, and some 

studies have linked the mineralization of recently exposed 

organic matter and the subsequent mineralization of 

microbial carbon to an increase in CO2 after rewetting [7]. 

       Cambodia is a developing country projected to double 

its population, with agriculture playing a crucial role in the 

nation's economy [8]. Over 20.8% of Cambodia's GDP 

comes from the agricultural sector [9]. and crop production 

is a major contributor to that figure. However, soil 

degradation is a major issue in Cambodia, especially because 

of the conversion of natural forests to cultivated areas. The 

recent population increase has led to the expansion of 

cultivated areas at the expense of forests, in order to meet 

the growing demand for food. A previous study [10] 

estimated that 43% of the territory was degraded, primarily 

due to forest clearance for agricultural intensification since 

2008. This degradation has impacted nearly 25% of the 

population living in these affected areas. The issue of soil 

degradation is particularly pronounced in the agricultural 

lands surrounding the Tonle Sap Lake. Given this context, 

there is a pressing need to understand the processes related 

to soil quality conservation in Cambodia. 

       Soil organic carbon (SOC), total nitrogen (TN), and soil 

acidity (pH) are the primary indicators used to assess the 

quality of the soil [11] . In addition to increasing soil 

nutrient accessibility, soil organic carbon influences soil 

fertility through many of additional ways and is crucial to 

the global C-cycle, which has the potential to significantly 

impact atmospheric CO2-concentrations [11]. The studies 

have examined the effects of various land use types (i.e., 

dense forest, clear forest, brushwood and rice field) on pH, 

TN, and SOC; nevertheless, the findings are still unclear, 

because studies have been carried out at the local scale, 

without considering the influence of the geology, 

topography and old LUCC discovered that compared to 

other land use types, wooded land had a greater SOC content 

[12]. Croplands had far less TN than wooded areas, 

according to Jonczak, 2013. Total organic carbon (TOC) is 

the general term for the quantity of carbon in soil that is 

either derived from or related to living things. TOC, which 

normally ranges from 1.0% to 1.5% of the total soil weight 

in Vietnamese soils, varies significantly depending on the 

soil type and terrain. In general, it is 1% in rainfed 

agricultural systems [11]. 

Therefore, this study aims to define the influence of 

environmental factors (i.e., land use types, lithology) and 

their evolution (comparison of the situation between 1952      
and 1981).  

 

 

1. METHODOLOGY 

2.1 Site description  

 

 

Figure 1. Study Area 

 
       The study was realized within the Stung Chrey Bak 

Observatory (henceforth referred to as the catchment), which 

is located in the watershed of the Tonle Sap Lake, and flows 

into the Tonle Sap River. The catchment, which covers a 

region of around 700 km2 , is where the experiment sites 

were situated.  It is located in the Kampong Chhnang 

province [13]. The province is well-known for its pottery in 

addition to agriculture. A range of stakeholders have 

invested in land and water resource “development” in the 

catchment, including local farmers, donors, national and 

local government agencies and business communities. 

Agricultural production, in particular the rice production, has 

had significant expansion and intensification. As a 

consequence, the catchment has experienced intensive 

LUCC change, particularly in the last 20 years. An 

investigation of the changing patterns of LUCC is needed 

given the increase in forest exploitation and other 

unsustainable land use practices. The study sites identified 

for this work incorporates the catchment’s middle and upper      
parts. The study sites’ boundary, created from topographic 

features within the catchment, was used to examine the 

geography of the catchment.  

2.2 Soil Sampling and laboratory Analysis 

 On November 20, 2023, 135 soil samples were collected in 

the four dominant land use types (dense forest, clear forest, 

brushwood, and rice field). Soil samples were collected from 

the topsoil for the first layer (0–10 cm depth) and stored in 

plastic bags. All samples were taken to determine their 

physical and chemical properties. 
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2.3     Soil Chemical Analysis 

2.3.1      Soil pH and Electrical Conductivity  

  

        A Hanna Instrument Measurement pH Portable Meter 

measured the soil pH, and a Mettler Toledo measured the 

electric conductivity. We determined the pH and electrical 

conductivity using the glass electrode method in a 1:2.5 soil-

water mixture [14]. 

       
2.3.2      Soil Organic Carbon and Total Nitrogen  

 

       Carbon and Nitrogen levels in the samples were 

measured using a ThermoFisher Elementar CHN (carbon, 

hydrogen, nitrogen) elemental analyzer, type Flash HT. 

Samples of the order of tens of micrograms to tens of 

milligrams must be perfectly homogeneous. They must 

therefore be crushed using a mortar and pestle, then sieved 

to 200 microns. Samples are weighed in tin capsules using a 

microbalance. After total combustion of the analytical 

sample at 1020°C under a stream of oxygen and helium 

(Dumas method), carbon, hydrogen and nitrogen are 

converted into carbon dioxide, water and nitrogen oxides, 

respectively[15] . 

2.4 Soil Physical Analysis 

2.4.1 Soil Bulk Density 

 

       Soil bulk volume of soil, which includes the volume of 

the solids and the pore's space between the soil particles was 

determined using 100 cm3 rings. Soils were oven-dried at 

105°C [16], for 24h a day. 

 
 2.4.2 Soil Particle Size       

 

       Particle size is a crucial property in soil science that 

influences the soil's structure, drainage, aeration, texture, and 

water retention. Particle size pre-treatment is an important 

step in preparing soil samples for analysis. Next, we initiated 

the process of wet sieving, a method that separates soil 

particles according to their sizes. We have four different 

steps of sieving: >2 mm, >200 µm, >100 µm, >50 µm, and 

the mixed well solution <50µm and put it in the bottle for 

analysis in the machines. Before using the particle size 

analyzer SALD-2300, we take the <50 µm solution into the 

ultrasound again and start the measurement: carefully place 

the sample cell into the SALD-2300 measurement chamber, 

ensuring it is properly aligned, and initiate the measurement 

using the instrument’s control panel or software interface. 

2. 5 Inverse Distance Weighted interpolation 

       Spatial interpolation techniques (such as, Inverse 

Distance Weighted (IDW) or other similar ones) are 

incredibly helpful tools that allow one to estimate values in 

unmeasured areas using a set of known data points. IDW is a 

widely used technique in many fields, including agriculture, 

geosciences, and environmental sciences, for generating 

continuous surfaces from point data. In QGIS 3.22 and 

geographical analysis, IDW is a widely used interpolation 

technique that estimates values at unmeasured points by      
using the values of nearby measured points. This assumption 

contributed to the increase in accuracy for map generation 

due to enhanced power. According to our findings, there was 

a small variation in the root mean square error when inverse 

distance weighting of the standard and smooth types with 

different powers was applied to the data set [17]. 

2.7   Data Analysis  

       The effects of four land uses of soil types physical and 

chemical properties  were analyzed. Statistical analysis was      
computed with R Software. In this study, the data was 

examined statistically using analysis of variance (ANOVA). 

The test provides a P-value that allows to determine if 

groups are statistically significant. Analysis plotting time 

series of land uses from 1952-1972-1981 to understand a 

temporal dynamic of land use effect to soil properties. The 

QGIS 3.22 was used to create the interpolation map of each 

soil variable. 

 

Table 1: The mean values of each variable from different 

four soil types 

 
Parameter Dense 

Forest 

 

Clear 

Forest 

Brushwood Rice 

Field 

BD(g/cm3) 1.28 1.66 1.67 1.68 

pH 6.5 6.0 6.0 5.7 

EC(ms/cm) 0.10 0.06 0.06 0.04 

Carbon(g/kgech) 29.72 3.91 7.93 4.07 

Nitrogen(g/kgech) 2.09 0.24 0.56 1.94 

     

 

 

 
Table 2: The result of ANOVA test 

 
Parameter Mean 

Squares 

F-Values P-values  

BD(g/cm3) 0.6716 33.08 5.5e-16*** 

pH 1.932 4.125 0.007** 

EC(ms/cm) 0.12015 3.852 0.011* 

Carbon(g/kgech) 2785 63.78 2e-16*** 

Nitrogen(g/kgech) 13.504 48.91 2e-16*** 
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Table 3: The mean values of soil particle size 

 
Soil Types Sand% Silt% Clay%  

Dense Forest 55.1 36.4 8.5 

Clear Forest 78.6 18.4 3.0 

Brushwood 62.0 23.3 14.7 

Rice Field 58.2 25.5 16.3 

    

2. RESULTS AND DISCUSSION 

3.1     Soil Bulk Density 

       The results shown in Table 1 indicate that the bulk 

density ranged from 1.28 g/cm3, 1.66 g/cm3, 1.67 g/cm3 and 

1.68g/cm3 in dense forest, clear forest, brushwood, rice field     
. These differences were statistically significant (P < 0.05) 

across all four land use soil types (Table 2). Dense forest 

exhibited the lowest bulk density, suggesting that its top 

layer has a more porous and less compact structure, which is 

beneficial for plant growth and overall soil health. In 

contrast, clear forest, brushwood and rice field had a higher      
bulk density of 1.66-1.68 g/cm³, indicating that forest 

removal, but also from frequent trampling by animals and 

machinery can lead to soil compaction. These  findings align 

with those of  [18], who demonstrated that the conversion of 

forest to cultivated land increases soil bulk density. 

3.2 Soil pH and Soil Electrical Conductivity 

 

       The soils of the catchment have pH values ranging from 

strongly acidic to moderately acidic (Table 1). Significant 

differences in soil pH were measured between the land use 

types, mostly because soils from rice field were more acidic 

than in forest. The higher pH in non-cultivated soils 

generally supports the hypothesis of a higher amount of 

nutrients in soil. The pH values for clear forest and 

brushwood typically average around 6, which is often 

considered optimal for many tree species and understory 

plants, as pH strikes a balance between acidity and nutrient 

availability. Forest with a pH of around 6 tend to support a 

diverse range of plant species, including trees, shrubs, and 

ground cover. Our study does not support the finding of      
[19]who found that soils from cultivated areas have a higher 

pH than those in grassland and forest . In contrast, rice field 
tends to be more acidic compared to forest soils, with 

cultivated land exhibiting more acidity in the upper layers 

than other land use types [20]. 

The soil's electrical conductivity was the highest in the dense 

forest (Table 1), with values reaching 0.08 mS/cm, while the 

other three soil types range from 0.04 to 0.05 mS/cm. The 

high moisture content and mineral concentration of dense 

forest soils generally result in greater electrical conductivity 

compared to other soil types. This higher conductivity is 

often attributed to the elevated levels of organic matter from 

decaying leaves and plant material. Numerous studies have 

shown that the electrical conductivity is higher in riverside 

soils, such as those found in grasslands, compared to soils 

from cultivated land and other land use types. Conversely, 

rice field tends to exhibit low electrical conductivity. The 

reduced EC values in paddy field is likely linked to the loss 

of exchangeable bases due to leaching from continuous 

cultivation.  

3.3   Soil Organic Carbon and Total Nitrogen 

       There was a significant difference (P< 0.05) in the total 

soil organic carbon among the four  land use soil types 

(Table 2). Soil types play an important role in influencing      
carbon content.  

The organic carbon levels varied among land use types, with 

values of 29.72 g/kg for dense forest, 3.91 g/kg for clear 

forest, 7.93 g/kg for brushwood, and 4.09 g/kg for rice field      
(Table 1). Dense forest soil exhibited the highest organic 

carbon content, indicating that this ecosystem is effective at 

storing carbon. In forest, significant amounts of carbon are 

stored in the organic layers of the forest floor [21]. In 

contrast, the clear forest showed lower carbon content, 

suggesting that even areas with some tree removal can still 

contribute to carbon storage. Brushwood had a higher carbon 

content of 7.93 g/kg, indicating that shrub and grassland 

vegetation can also play a role in carbon sequestration. The 

lower carbon content in clear forest compared to brushwood 

may be attributed to the removal of trees and understory 

vegetation, which can reduce soil carbon levels. 

Additionally, brushwood vegetation tends to have more leaf 

litter, contributing to higher carbon content. Rice field      
displayed the lowest carbon content at 4.09 g/kg, 

highlighting that this agricultural practice is less effective for 

carbon storage compared to forested soils. Alluvial soil 

primarily covers the catchment area, which leads to the                
CEC, organic C, total N, exchangeable K, and Olsen P levels 

being extremely low in the Prey Khmer soil. In field tests 

conducted in Cambodia, sandy rice soils typically exhibit 

substantial N reactions [22]. 

Nitrogen content also showed significant difference (P< 

0.05) across all four soil types (Table 2), with average total 

nitrogen values of 2.09 g/kg for dense forest, 0.24 g/kg for 

clear forest, 0.56 g/kg for brushwood, and 0.32 g/kg for rice 

field. Dense forest soils had the highest nitrogen content, 

suggesting that intact forest ecosystems possess the greatest 

capacity for nitrogen storage and cycling within biomass and 

soil. The clear forest had a lower nitrogen content of 0.24 

g/kg, indicating that deforestation can lead to reduced 

nitrogen storage. Brushwood demonstrated a nitrogen 

content of 0.56 g/kg, suggesting it can contribute to nitrogen 
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cycling. In comparison, rice field  had a nitrogen content of 

0.32 g/kg, indicating that rice cultivation results in lower 

nitrogen content and cycling compared to vegetated 

ecosystems. 

3.4 Soil Particle size  

       Clay content values ranged from 8.5% in dense forest to 

16.3% in rice field, with clear forest and brushwood      
having  values of 3.0 and 14.7%, respectively (Table 3). 
This finding aligns with [23], who reported that clay content 

in cultivated lands was significantly higher. Silt content also 

varied, with values of 36.4% in dense forest, 18.4% in clear 

forest, 23.3% in rice field, and 26.7% in brushwood (Table 

3). The highest silt content was found in dense forest, where 

dense vegetation helps reduce soil erosion by stabilizing the 

soil with its root system. This stability aids in retaining silt 

that might otherwise be washed away in less vegetated areas. 

Conversely, sand content values ranged from 55.1% in dense 

forest to 78.6% in clear forest, with rice field and brushwood 

soils at 62.0% and 60.7%, respectively. Most of the soils 

studied exhibited high sand content, reflecting the 

characteristics of sandy lowland soils, which are significant 

in Cambodian agriculture, particularly for lowland rainfed 

rice [24]. 

3.5 Soil Geology Affects Soil Properties 

 

 

 

 

 

 

 

 

Figure 2. The Lithology of Stung Chrey Bak 

       The dense forest soil covered  by the Post Triassic (Late 

Jurassic-Cretaceous), typically weathered to form sandy, 

well-drained soil. This weathering process can lead to the 

development of nutrient rich layers that support dense 

vegetation, which lead to dense forest soil having a slightly 

acidic pH level and low compaction of bulk density. Soil 

geology plays a fundamental role in determining      
physical and chemical properties of soil. Soil texture in 

dense forest soil, has a high level of sand 55.1% and silt 

36.4% and a high amount of carbon and nitrogen content. 

Clear forest soil, mostly covered by alluvial sand formed 

from sediments deposited by rivers and streams, consists of 

sand-sized particles of soil texture, which are typically 

coarse and well-sorted. Alluvial sand is formed through the 

erosion and transportation of mineral particles by flowing 

water, and the stream (i.e., the Stung Chrey Bak) is one of 

the medium tributaries of the Tonle Sap River. Effects of 

specific land use types and interactions between soil texture 

on certain physical properties of soil in an alluvial land [25].  

Sandy soil achieves maximum compaction at relatively low 

moisture content, with a significant compaction of 1.67 

g/cm3. The soil texture exhibits a high proportion of sand 

(78.6%), low levels of carbon (3.91 g/kg), and nitrogen (0.24 

g/kg). Soil aggregation and texture have an impact on carbon 

storage, and the silt and clay size fractions can shield SOC 

from breaking down [26]. As organic matter breaks down, it 

combines with silt and clay to form aggregates that keep the 

organic matter from breaking down further [27]. Old and 

recent alluvium, formed by sediments deposited by rivers 

and streams over geological periods, cover brushwood soil 

and rice field soil. Old alluvium frequently contains gravel 

and larger particles, particularly near riverbanks or 

floodplain environments, and finer particles, like silt and 

clay, may dominate as deposition moves away from the 

river, especially during flooding events. Brushwood has a 

slightly acidic pH and a low EC level. Its bulk density 

ranges from 1.66 g/cm3, which is completely compacted due 

to the high sand content of 58.2% and the carbon content of 

7.93 g/kgech and 0.56g/kgech, Sandy soils often have a 

lower organic matter content than finer-textured soils; soil 

organic matter serves as a slowly released source of nitrogen 

[28]. 

3.6 The land use/ land cover change  affects  soil properties  

       The results shown in Figure 3 indicate significant 

changes (P<0.05) in land use within the study catchment, 

particularly in clear forest, rice field, and brushwood areas. 

A substantial reduction in clear forest wasobserved, as it 

degraded to brushwood in the upper part of the catchment 

due to expanding agricultural activities and increasing 

settlement demands. In contrast, rice field steadily increased 

in area as development progressed within the catchment. The 

built-up area showed no notable change in the time series 

due to its minor increase. Other land uses, such as 

plantations, lake or pond tree cutting, home gardens, and 

grasslands, experienced slight increases, but these changes 

were statistically insignificant from 1952 to 1981.Dense 

forest  decreased slightly from 20.1% to 12.7%, while clear 

forest declined from 45% to 32.3% over the past three 

decades, affecting soil characteristics significantly. Most of 

the clear forest was converted to brushwood, which 

increased from 15% to 23.8%. The deforestation of dense 

forest leading to a significant compaction of soil from 
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1.28g/cm3 to 1.67g/cm3, the reduction in organic matter due 

to deforestation has led to decreased soil fertility and 

increased erosion [29] which highlight the critical role of 

organic matter in maintaining soil structure and nutrition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Time Series of Land Use/Cover 1952-1981 

3.7 Interpolation of Map Bulk Density  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The Interpolation of Bulk Density 

       Interpolation maps of soil properties play a crucial role 

in various fields, including agriculture, environmental 

science, and land management. These maps are especially 

valuable for farmers looking to enhance crop production and 

optimize resource use across large agricultural landscapes.     

Figure 4 llustrates bulk density values across different land 

cover types. In the dense forest areas, represented by blue 

colors, bulk density was the lowest (< 1.3 g/cm³). This 

relatively low bulk density reflects the significant amount of 

organic material (such as leaf litter and decomposing plant 

matter) present in these soils, which reduces compaction.           

The root systems of trees and plants, as well as soil 

macrofauna activity further create spaces in the soil, 

enhancing porosity and water retention. In contrast, the clear 

forest soils and brushwood, indicated by light red in the 

map, exhibited higher bulk densities ranging from 1.6 g/cm³ 

to 1.7 g/cm³. This suggests that the soil in these areas may 

have become compacted due to the removal of vegetation, 

which diminishes organic matter and disrupts soil structure. 

Finally, the rice fields, indicated by light red and red colors, 

showed bulk densities had similar soil bulk densities than 

clear forest and brushwood (~1.6 to 1.7 g/cm³). High bulk 

density in these soils is often the result of compaction from 

heavy machinery used in rice farming. Additionally, rice 

field soils, which are typically clay-rich, are more prone to 

compaction under mechanical stress. 
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3.8  Interpolation of Map pH 

Figure 5. The Interpolation of pH 

       Soil pH values ranged from 4.5 to 7.0, as illustrated in 

Figure 4, with significant differences observed among dense 

forest, clear forest, brushwood, and rice field. The dense 

forest, represented in dark green, covers the upstream 

mountainous area to the west. Its pH values typically range 

from 6.0 to 6.5, which is generally considered neutral to 

slightly acidic, ideal for the availability of essential nutrients 

such as nitrogen, phosphorus, and potassium. The acidity of 

the dense forest soil helps break down organic matter to 

enrich the soil and indicates a healthy ecosystem that 

supports biodiversity and nutrient cycling.  

In the lower part of the mountainous area, a transition zone 

exists between steep slopes and clear forest, where pH 

values are slightly acidic, ranging from 5.5 to 6. Clear forest 

areas, depicted in both dark and light green, are more 

susceptible to soil erosion due to vegetation loss and 

degradation of soil structure, although they still hold 

potential for healthy plant growth. The pH of the brushwood 

soils, shown in varying shades of green, is around 6, which 

is usually considered ideal for nutrient availability. In 

contrast, rice field , represented in orange and light green, 

have a pH ranging from 5.0 to 5.5, indicating an acidic soil 

environment. Grassland soils typically exhibit a higher pH 

than those found in forested and farmed areas.  

3.9 Interpolation Map of electrical conductivity  

       Soil electrical conductivity has been used as a measure 

of soil salinity as a basis. Indirectly, EC measures the 

quantity of nutrients available for plant absorption and salt 

levels.Soil electrical conductivity in figure 6 ranged from 

0.01 mS/cm to 0.25 mS/cm in dense forest, clear forest, 

brushwood, and rice field soil.  

Figure 6. The Interpolation of Eletrical Conductivity 

 In the interpolation map, dense forest ranged from 0.10 

mS/cm to 0.15 mS/cm, which suggests low salinity levels in 

the soil, a good level for most plants and crops. For clear 

forest soil areas, the cover yellow colors of the soil ranged 

from 0.05 mS/cm to 0.10 mS/cm, indicating low levels of 

soluble salt in the soil and correlated with good nutrient 

availability, especially supporting healthy growth. 

Brushwood soil covered by yellow colors; electrical 

conductivity values also ranged from 0.05 mS/cm to 0.10 

mS/cm similar to clear forest. Rice field soil covered by 

orange colors ranging from 0.01 indicates low salinity, 

generally favorable for rice.  

 

3.10 Interpolation map of Soil Organic carbon and total 

nitrogen contents 

 

       The C and N contents were the highest in the dense 

forest soils (Figures 7 and 8). This highlights the critical role 

of dense forest in carbon sequestration, which also indirectly 

supports biodiversity conservation and soil health. In 

contrast, the soil in clear forest areas show significantly 

lower carbon and nitrogen levels. Several interrelated factors 

contribute to this decrease, notably the impact of 

deforestation. The removal of trees and vegetation reduces 

the amount of biomass that stores soil organic matter, while 

clearing the forest often results in soil erosion and 

compaction. Additionally, with the loss of vegetation, there 

is less organic matter input into the soil, further decreasing 

carbon content. Obviously, the topography is also likely to 

play a critical role, since dense forest is located in the 
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mountainous areas, protected from agriculture because of the 

steep slopes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The Interpolation of Carbon Content 

 

 
Figure 8. The Interpolation of Total Nitrogen  

 

       Although brushwood areas have some biomass density, 

they typically have lower carbon and nitrogen contents 

compared to dense forest.Vegetation in these areas is usually 

smaller and shorter-lived, leading to lower long-term carbon 

accumulation. However, in some cases, brushwood areas 

may exhibit slightly higher carbon and nitrogen levels than 

clear forest , as the dense growth of shrubs can increase 

biomass and these areas often experience fewer disturbances 

than clear forests.  

Finally, rice field soils typically have the lowest amount of      
carbon and nitrogen contents. These soils often consist of silt 

and sand, which limit their ability to retain organic matter. 

Additionally, the physical properties of these soils may not 

support high carbon storage. Soil compaction from 

machinery can reduce pore space, limiting root growth and 

organic matter distribution. Furthermore, the decrease in soil 

aggregation, reduced physical protection of organic matter, 

and increased soil erosion contribute to lower carbon stocks 

in rice field. As a result, the soil organic carbon (SOC) 

stocks in agricultural soils, particularly those that have been 

degraded, is typically lower than their theoretical potential 

[21].    

 

3.11 The Interpolation Map of soil texture 

 

 
Figure 9. The Interpolation of Clay Content 

 

 

 
Figure 10. The Interpolation of Silt Content  
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Figure 11. The Interpolation of pH  

 

       Figures 9, 10 and 11 show the clay, silt, and sand 

contents. Clay content in the upper parts (0-10 cm depth) 

ranged from less than 12% to 80%. The depth and 

distribution of clay, along with other soil properties, 

influence the performance and accuracy of the Inverse 

Distance Weighting (IDW) interpolation method [30]. In the 

dense forest areas, indicated by dark purple, the clay content 

was below 12%. The clay content varied by topography. The 

middle part of the study area contained higher clay content 

compared to both the upper and lower sections. This 

variation is partly due to sediment erosion from mountain 

streams, which transport sand, silt, and clay. The upper part 

of the catchment  has a higher content of sand, while the 

middle part has a higher clay content. The Tonle Sap river 

also contributes to sediment deposition in the lower part of 

the catchment , where the content of sand is  typically higher 

than in the middle part. In addition, compared to the upper 

and lower parts, the middle part contains a higher amount of 

clay. The middle part of the study catchment contained 

higher content of clay compared to both the upper and lower 

parts. This variation is partly due to sediment erosion from 

mountain streams, which transport sand, silt, and clay.  

3. CONCLUSIONS  

In conclusion, this study highlights the significant 

impact of land use transitions between 1952 and 1981 on 

soil characteristics in the Stung Chrey Bak catchment. It 

explores how the conversion of dense forests, cleared 

forests, brushwood, and rice fields has altered various soil 

properties. Notably, the transformation of forests into paddy 

fields predominantly occurred in the lower part of the study 

area, while dense forests are now limited to the mountainous 

regions. These changes have led to increased soil 

compaction, shifts in pH, and declines in soil carbon and 

nitrogen contents. Further research is needed to quantify the 

carbon stored in forested areas, with a particular focus on the 

properties of deeper soil layers. Additionally, investigating 

biodiversity patches, such as termite mounds relics of the 

natural forest remains important. These patches, still present 

in paddy fields, are increasingly threatened by agricultural 

practices that seek to homogenize and simplify 

agroecosystem. 
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