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Abstract 

Shallow slope failures are often caused by water infiltration 
during heavy rainfall, which reduce soil shear strength and leads 
to instability of slope. The hydraulic behavior of unsaturated 
soils such as soil water characteristics plays a critical role in 
maintaining slope stability under such conditions. This study 
investigates the effects of vegetation roots and biochar on the 
soil water characteristics of sandy soils. The one-dimensional soil 
column experiment was conducted, incorporating moisture 
sensors and tensiometers to capture monitoring data. The van 
Genuchten model was applied to characterize the water 
retention behavior of treated soils. Results demonstrate that 
integration of vegetation roots and biochar significantly improve 
soil water retention and suction characteristics. These findings 
offer quantitative insights valuable for geotechnical engineers, 
and researchers, supporting the development of predictive 
models for rainfall-induced slope stability and sustainable slope 
management. 

Keywords: Soil-water characteristics curve, Van Ganuchten 
model, One-dimensional column test, Silty sand 

1. Introduction 

The soil water characteristic curve (SWCC) is a key concept in 
unsaturated soil mechanics, describing the relationship between 
water content and soil suction [1]. First introduced by Edgar 
Buckingham in 1907, SWCC has become an essential index for 
unsaturated soils, serving as a proxy for permeability and shear 
strength [11]. It also provides insights into hydraulic properties 
and pore-size distribution [5]. 

 

1 *Corresponding author’s email: 6670057021@student.chula.ac.th 

Studies [11, 20] show that vegetation enhances soil water 
retention. For example, soils with orange jasmine, vetiver roots 
[20], and Heptaphylla trees [13] exhibit higher air-entry values1 
(AEV) and water retention than bare soil. However, the 
adsorption rate remains unchanged. These findings highlight the 
role of plant roots in modifying soil structure and improving 
water-holding capacity. 

Historically, SWCC has been modelled as a relationship 
between water storage and energy, leading to various 
measurement methods [1]. Researchers use lysimeters with soil 
sensors [22] and fitting models like van Genuchten and 
Campbell [22, 29] to improve accuracy. Since SWCC is highly 
nonlinear, it is often plotted on a logarithmic scale to cover the 

full suction range (0 to 10⁶ kPa) [5]. Factors such as soil layering, 
compaction, and clay content further complicate estimation 
[22]. 

Understanding SWCC is crucial for water management, 
contaminant transport, and geotechnical applications [1, 24]. As 
the globe became more industrialized, concrete and steel took 
over as the primary materials in various forms of infrastructural 
development and construction projects, including slope 
stabilisation. In general, engineers and designers have a greater 
sense of safety and security; thus, they prefer these man-made 
materials because they are more controllable and predictable. 
However, individuals are looking for more environmentally 
friendly and green solutions to a variety of technical difficulties. 
The public's desire to leave a more sustainable planet for future 
generations has increasingly prompted authorities and engineers 
to rediscover vegetation as an engineering material [13]. 
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In arid regions like Maowusu sandy soil, understanding 
SWCCs and infiltration capacity is key to vegetation recovery and 
water management [26]. Drought-resistant species with low 
planting density improve water retention and infiltration [30]. 
Root morphology influences SWCC and soil suction, with root 
volume ratio aiding SWCC prediction in vegetated slopes [26, 
28]. 

A slope stability analysis by [19] found vetiver roots most 
effective for slopes under 45°, emphasizing the importance of 
preserving vegetation at the slope base. However, [9] caution 
against relying solely on lab-tested root tensile strength for real-
world slope stability assessments. 

 Recent studies [3, 12, 29] have shown that, Biochar 
improves soil porosity and bulk density, enhancing water 
retention and supporting plant growth. However, some studies 
show mixed results on its impact on soil water retention, while 
in contrary, [14] found no SWCC changes by biochar addition, 
but increasing biochar in compacted clay (0–20%) can raise 
permeability tenfold and water content by 40%. [29]. 
Conversely, it was noted by [2] that biochar could reduce sandy 
soil's saturated permeability. Fig 2 shows the process through 
which biochar improves soil water characteristics in vegetated 
soils.  
  

 
Fig. 1 Various effects of vegetation on slopes [4]. 

 
Biochar-amended soil increased near-saturated volumetric 

water content by 18% but did not affect AEV, acting as 
additional capillaries to retain water. Acacia mangium Willd., 
widely used in soil bioengineering, improves lateritic soil water 
retention by increasing suction, AEV, and saturated water 
content [17]. 

Vegetation roots also play a crucial role in slope stabilization 
and erosion control. Studies [15, 16, 18] compared two vetiver 
species, C. nemoralis and C. zizanioides. C. nemoralis showed 
strong root reinforcement potential, making it a viable 
alternative to C. zizanioides [16]. C. nemoralis had thicker roots 
growth [15]. Both species showed a linear relationship between 
root orientation and diameter. However, C. nemoralis 
deteriorated faster, reducing its long-term soil reinforcement 
effectiveness [18]. 

This study aims to examine the impact of vetiver grass roots 
and biochar on the SWCC of bare soil under varying moisture 
conditions. It also compares changes in the soil's physical and 
hydraulic properties when amended with biochar alone versus 
the combined effect of biochar and vetiver. 

 

 
Fig. 2 The process through which biochar improves water retention 

in soil with vegetation [29] 

 

 
Fig. 3 SWRC of vegetated and bare CDG soil with and without the 

addition of biochar [14]. 
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2. Materials and Methods 

2.1 Materials 

The soil sample used in this study was collected from 
Chachoengsao Province, eastern Thailand. As presented in table 
1, the basic properties of the soil were tested, the liquid limit 
and plastic limit was found to be 20.86% and 12.96% and the 
specific gravity of bare and biochar-amended soils was found to 
be 2.62 and 2.09 respectively. Sieve analysis and hydrometer test 
were conducted following ASTM standards and gradation curve 
was plotted. The soil is classified as low-plasticity silt (USCS). The 
gradation curve and index properties of the soil are presented in 
figure 4 and table 1 respectively. Before experimentation, the soil 
was air-dried, and only particles passing through a No. 6 sieve 
were used in the soil columns. 

 

 
Fig. 4 Gradation Curve 

 
Vetiver grass was selected as the vegetated species due to 

its high water-holding capacity and widespread availability in 
Thailand. 

The biochar, produced from bamboo waste in Tak Province, 
Thailand, was sieved to a No. 16 mesh size. This selection aligns 
with [23], which found that plant biomass production was 
highest at intermediate biochar particle sizes (0.5–2.0 mm). 

 
Table 1 Index properties of the soil sample 

Index properties Value 
Liquid limit, % 20.86 
Plastic limit, % 12.96  
Plasticity index, % 7.90 
Specific gravity (bare soil)  
Specific gravity (soil and 
biochar) 

2.62 
2.09 

Unified Soil Classification 
System (USCS) 

ML 

 

2.2 Methods 

2.2.1 Soil Compaction 
The compaction of bare soil was conducted using Standard 

Proctor test. The results shows that the maximum dry density 
(MDD) and the optimum moisture content (OMC) of the soil are 
1.98g/cm3 and 12.46% respectively. 

2.2.2 Experimental Setup and Instrumentation 
This study utilized PVC pipes as experimental soil columns, 

arranged as follows: bare soil, soil mixed with biochar, soil 
planted with vetiver, and soil incorporating both vetiver and 
biochar. As shown in Fig 5, each column was cylindrical, 
measuring 100 cm in height and 15 cm in diameter. As depicted 
in Figure 3 three holes (P1, P2, and P3), each 16 mm in diameter, 
were drilled at depths of 37.5 cm, 62.5 cm, and 87.5 cm from 
the top to accommodate tensiometers. The miniature 
tensiometer was used to measure suction ranging from 0 to 
80kPa. On the opposite side, two additional holes (M1 and M2) 
with a 20 mm diameter were drilled at 25 cm intervals to house 
soil moisture sensors. Moreover, a mini reservoir of acrylic pipe 
was stationed just above the PVC pipe to supply water at 
constant head.  

 

 
Fig. 5 Schematic diagram of 1D Soil Column 
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2.2.3 Testing Procedure 
As shown in Figure 6, the instantaneous profile (IP) method 

was used to determine the SWCC of treatments. The volumetric 
water content and suction were measured by the moisture 
sensors and tensiometers connected to a data logger via cables. 

The experiment was conducted within 90 days from January 
2025 to March 2025. To ensure accuracy, the logger collects 
readings over a 10-minutes period, and the average readings is 
taken as single measurement. The process is repeated 
continuously following the same protocol for both wetting and 
drying cycles. A minimum interval of 2-3 days was maintained 
between each measurement 

 

 
Fig. 6 Experimental Setup for SWCC measurement 

 
2.2.4 Results Analysis Techniques 
The data collected from the measurements is analyzed 

using the Van Genuchten (VG) model (van Genuchten, 1980), a 
widely used mathematical approach for representing the soil-
water characteristic curve (SWCC). This model defines the 
relationship between soil suction and water content in 
unsaturated soils. Refer to Eq. (1) for details. 

 

        (1) 
  

Where: 

θ(ψ) is the volumetric water content at a given suction (ψ), 
θs is the saturated volumetric water content (maximum water-
holding capacity), 
θr is the residual volumetric water content (water content that 
cannot be removed by suction), 
α is the inverse of the air-entry value, which controls the suction 
at which drainage begins, 
n is a parameter that describes the pore-size distribution, 
m is defined as 1 – 1/n 

3. Results and Discussions 

Figure 7 shows the the soil-water characteristics curve 
(SWCC) of bare soil, soil and vetiver, soil, biochar and vetiver 
grass. The result was fitted using van Ganutchen model. The 
vegetated soil has higher air entry value (AEV is between 3-5 kPa) 
than the bare soil (2-3 kPa) indication higher water retention 
capacity. This can be due to root occupancy in the pores of the 
soil reducing the porosity of the soil and increased suction at a 
given water content [21]. Similar investigation by [13] concluded 
that the soil vegetated with iv tree have higher water holding 
capacity than the bare soil and the AEV was also higher by 2-4 
kPa. Vegetated soils exhibit higher matric suction compared to 
non-vegetated soils at the same water content, suggesting that 
vetiver roots significantly enhance moisture retention capacity 
[8, 26]. 

On the other hand, the soil incorporated with biochar tend 
to have much higher AEV than the bare soil. It is found that, the 
AEV of soil and 20% of biochar is at least 1 kPa higher than that 
of bare soil, this is due to biochar’s high porosity nature and 
large surface area. This shows that biochar used in this study can 
enhance water holding capacity of soil at a given suction. There 
was in volumetric water content in biochar amended soil 
increased by 6 - 8% compared to that of bare soil. A study of 
Incorporating soil and various biochar content was conducted 
by [6] also suggest that the biochar increase the volumetric 
water content at lower suction. From Engineering point of view, 
although it is favourable for plant growth, this is not 
advantageous for maximizing soil suction in slopes. The lower 
induced suction results in weakened the soil’s shear strength 
and slope stability [14]. However, vegetation can perform better 
and live longer when planted in biochar-amended soils in the 
dry lands by the increase of water-holding capacity [10]. 
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The suction range investigated in this study (1–80 kPa) is 
limited to the low-to-medium range of the soil-water 
characteristic curve. While this range is informative for near-
saturated conditions, it does not capture the full spectrum of 
suction behavior, particularly in the higher suction range (>500 
kPa) that is often critical in slope stability and unsaturated soil 
mechanics analyses. This limitation restricts the direct 
application of the results to scenarios where soils experience 
higher matric suctions, such as in arid climates or deeper 
unsaturated zones. 

Despite this limitation, the observed improvements in water 
retention due to the addition of biochar and vetiver roots 
suggest promising implications for engineering applications. 
Enhanced moisture retention can lead to delayed onset of 
desaturation, reduced suction gradients, and greater root 
reinforcement, all of which contribute to increased slope 
stability and erosion resistance. These findings are particularly 
relevant for shallow slope stabilization and surface erosion 

control, where maintaining near-saturated conditions plays a 
critical role. 

 

 
Fig. 7 Soil water characteristics curves (SWCC) of bare soil, 

vegetated soil, biochar amended soil, vegetated soil mixed 
with biochar 

Table 2 van Ganutchen Model Parameters

 
Recent studies [7, 14] found that biochar generated from 

herbaceous feedstock had no significant impact on SWCC of 
sandy soils because of its hydrophobicity but result from [29] 
whose biochar was produced from peanut shells, and it was 
hydrophobic contradicts the above findings when determined 
by water drop penetration time test. 

The ML (low plasticity silt) soil amended with biochar and 
reinforced with vegetation exhibited higher air entry value (4 -6 
kPa) compared to other treatments. This indicates significant 
improvement on soil behavior to retain water under increasing 
suction. The rise in AEV can be attributed to the combined 
influence of vetiver roots and the fine particles of biochar, likely 
due to the roots occupying soil pores and the biochar particles 
further contributing to pore space reduction. The high AEV of  

 
soil with biochar and vetiver means that the soil retains more 
water longer before saturation begins leading to low infiltration 
thereby reducing the risk of erosion and shear failure when 
implemented for slope protection.  

The higher water retention in soil treated with vetiver roots, 
compared to biochar amended soil could be attributed to 
several factors working together. Vetiver roots help improve soil 
structure by encouraging the formation of aggregates and 
releasing hydrophilic compounds that make it easier for the soil 
to hold onto moisture. Although biochar is known for its porous 
nature, it can be somewhat water-repellent at first, especially 
when freshly applied, which may reduce its ability to hold water 
immediately. On the other hand, the continuous interaction 

  
 Specimens 

VG Model Parameters  
R2 Ɵr (%) Ɵs (%) α n m 

Bare Soil  7.99 31.97 0.144 1.497 0.332 0.95 

Vegetated Soil  14.20 34.36 0.202 1.219 0.179 0.97 

Soil and Biochar  3.53 38.41 0.145 1.14 0.123 0.98 

Soil, Vetiver and Biochar  4.98 37.09 0.144 1.212 0.175 0.98 
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between living vetiver roots and the soil tends to support better 
and more consistent moisture retention. 

The model parameters fitted from the observed values were 
presented in table 2. The lowest coefficient of determination of 
0.95 was found in all the variables, indicating a very good fit. This 
value is way higher than the acceptable limit of R2 > 0.885 as 
recommended by [25] that the van Genuchten equation 
provides a strong fit to the measured soil water retention data 
(R2 > 0.885), making it a reliable tool for predicting soil water 
retention curves across various soil types 

4. Conclusions 

The study investigates the water retention of soil and the 
effects of biochar and vetiver grass on the SWCC of low plasticity 
silt. Laboratory tests were conducted on soil columns namely 
bare soil, soil and vetiver, soil and biochar and combination of 
soil biochar and vetiver. 

1. Biochar made from bamboo waste was found to be 
effective in improving the water-holding capacity of soil 
with air entry value (AEV) of at least 1kpa higher than 
that of bare soil. While the volumetric water content 
of the soil increased by 6 – 8% at a given suction range, 
this may be due porous nature of the biochar. 

2. The vetiver grass planted in soil exhibit significant 
change in the AEV from 2 – 3 kPa of bare soil to 3 – 5 
kPa. As expected, the desaturation process was very 
slow due to the vetiver roots. 

3. The combined effects of vegetation and biochar leads 
to significant increase of AEV (4 – 6kPa) than all other 
variables, although it is slightly higher than that of 
vegetated soil indicating little impact of biochar 
compared to vetiver root. 

Therefore, attributing smaller particles of biochar (1mm or 
less) produced from bamboo waste on two different plant 
species is encouraged for future studies. 

Acknowledgement 

The authors sincerely appreciate the staff of the Centre of 
Excellence in Geotechnical and Geoenvironmental Engineering, 
Department of Civil Engineering, Chulalongkorn University, for 
their invaluable support throughout the project. We also extend 
our gratitude to Dr. Trung Nghia Phan and Dr. Weeradetch 
Tanapalungkorn for their constructive discussions and assistance 
during the research. 

References 

[1] Barbour, S. L. (1998). Nineteenth Canadian Geotechnical 
Colloquium: The soil-water characteristic curve: a historical 
perspective. Canadian Geotechnical Journal, 35, pp. 873-894 

[2] Barnes RT, Gallagher ME, Masiello CA, Liu Z, and Dugan B 
(2014). Biochar-induced changes in soil hydraulic 
conductivity and dissolved nutrient fluxes constrained by 
laboratory experiments. PLoS ONE 9(9): e108340. 

[3] Chen, X.-W., Wong, J. T.-F., Ng, C. W. W., and Wong, M.-H. 
(2016). Feasibility of biochar application on a landfill final 
cover—a review on balancing ecology and shallow slope 
stability. Environmental Science and Pollution Research, 23, 
pp. 7111-7125. 

[4] Coppin N J and Richards I G (1990). Use of vegetation in civil 
engineering. London: Butterworths, London. 

[5] D.G. Fredlund, Anqing Xing, and Shangyan Huang. (1994). 
Predicting the permeability function for unsaturated soils 
using the soil-water characteristic curve. Canadian 
Geotechnical Journal, 31, pp. 533-546. 

[6] Hossain, M., Jotisankasa, A., Aramrak, S., and Yodsudyai, W. 
(2024). Influence of biochar on unsaturated hydraulic 
characteristics of a tropical residual silty sand. International 
Journal of Geosynthetics and Ground Engineering, 10, pp. 
78. 

[7] Jeffery, S., Meinders, M. B., Stoof, C. R., Bezemer, T. M., van 
de Voorde, T. F. J., Mommer, L. and van Groenigen, J. W. 
(2015). Biochar application does not improve the soil 
hydrological function of a sandy soil. Geoderma, 251, pp. 
47–54 

[8] Jotisankasa, A., and Sirirattanachat, T. (2017). Effects of grass 
roots on soil-water retention curve and permeability 
function. Canadian Geotechnical Journal, 54, pp. 1612-
1622. 

[9] Likitlersuang, S., Phan, T.N., Boldrin, D. and Leung, A.K. (2022). 
Influence of growth media on the biomechanical properties 
of the fibrous roots of two contrasting vetiver grass species. 
Ecological Engineering, 178, no. 106574 

[10] Liu, X., Zhang, A., Ji, C., Joseph, S., Bian, R., Li, L., Pan, G. and 
Paz-Ferreiro, J. (2013). Biochar’s effect on crop productivity 



การประชมุวิชาการวิศวกรรมโยธาแหง่ชาติ ครั้งที ่30 The 30th National Convention on Civil Engineering 
วันที่ 28-30 พฤษภาคม 2568 จ.ประจวบคีรีขันธ์  May 28-30, 2025, Prachuap Khiri Khan, THAILAND 

 

GTE-18-7 

and the dependence on experimental conditions – a meta-
analysis of literature data. Plant Soil 373, pp. 583–594. 

[11] Leong, E.-C. (2019). Soil-water characteristic curves - 
Determination, estimation and application, Japanese 
Geotechnical Society Special Publication, 7, pp. 21-30 

[12] Ng, C. W. W., Guo, H., Ni, J. J., Zhang, Q., and Chen, Z. (2022). 
Effects of soil–plant-biochar interactions on water retention 
and slope stability under various rainfall patterns. 
Landslides, 19, pp. 1379-1390. 

[13] Ng, C. W. W., Leung, A. K., and Ni, J. J. (2019). Plant–Soil 
Slope Interaction. (1 ed.). CRC Press. 

[14] Ni, J. J., Chen, X. W., Ng, C. W. W., and Guo, H. (2018). Effects 
of biochar on water retention and matric suction of 
vegetated soil. Geotechnique Letters, 8, pp. 124-129. 

[15] Phan, T.N. and Likitlersuang, S. (2024). Root system 
architecture of two vetiver species for root reinforcement 
modelling. Modeling Earth Systems and Environment, 10, 
pp.233–241 

[16] Phan, T.N., Likitlersuang, S., Kamchoom, V. and Leung, A.K. 
(2021). Root biomechanical properties of Chrysopogon 
zizanioides and Chrysopogon nemoralis for soil 
reinforcement and slope stabilisation. Land Degradation 
and Development, 32, pp. 4624-4636 

[17] Phan, T.N., Kraithong, P., Likitlersuang, C. and Likitlersuang, 
S. (2024). A comprehensive study on Acacia mangium Willd 
root properties for soil bioengineering. Land Degradation & 
Development, 35, pp. 5124-5136 

[18] Phan, T.N., Leung, A.K., Kamchoom, V. and Likitlersuang, S. 
(2023). Reinforcement losses in soil stabilisation due to 
decomposing roots of Chrysopogon zizanioides and 
Chrysopogon nemoralis. Land Degradation and 
Development, 34, pp. 1080-1096 

[19] Phan, T.N., Leung, A.K., Nguyen, T.S., Kamchoom, V. and 
Likitlersuang, S. (2025). Modelling root decomposition 
effects on root reinforcement and slope stability. Computers 
and Geotechnics, 179, no .107024 

[20] Rahardjo, H., Satyanaga, A., Leong, E. C., Santoso, V. A. and 
Ng, Y. S. (2014). Performance of an instrumented slope 
covered with shrubs and deep-rooted grass. Soils and 

Foundations, Japanese Geotechnical Society, 54, pp. 417-
425. 

[21] Scanlan, C., and Hinz, C. (2010). Insights into the processes 
and effects of root-induced changes to soil hydraulic 
properties. 19th World Congress of Soil Science, Soil 
Solutions for a Changing World, Brisbane, Australia, 1 – 6 
August 2010, Published on DVD. 

[22] Seo, M., Han, K., Cho, H., Ok, J., Zhang, Y., Seo, Y., Jung, K., 
Lee, H., and Kim, G. (2017). Interpreting in situ soil water 
characteristics curve under different paddy soil types using 
undisturbed lysimeter with soil sensor. Korean Journal of 
Soil Science and Fertilizer, 50, pp. 336-344. 

[23] Tang, E., Liao, W., and Thomas, S. C. (2023). Optimizing 
Biochar Particle Size for Plant Growth and Mitigation of Soil 
Salinization. Agronomy, 13, pp. 1394. 

[24] Tuller, M., Or, D. (2004). Retention of water in soil and the 
soil water characteristic curve. Encyclopedia of Soils in the 
Environment, 4, pp. 278-289. 

[25] Usowicz, B., Lipiec, J., Siczek, A. (2024). Fitting the van 
Genuchten model to the measured hydraulic parameters in 
soils of different genesis and texture at the regional scale. 
International Agrophysics, 38, pp. 373-382. 

[26] Wang, X., Li, Z., Chen, Y., and Yao, Y. (2023). Influence of 
vetiver root morphology on soil–water characteristics of 
plant-covered slope soil in South Central China. 
Sustainability, 15, pp. 1365-1365. 

[27] Wang, Y. C., and Ni, J. J. (2023). Biochar application on heavy 
metal immobilization in unsaturated soil with vegetation: a 
review. International Journal of Geotechnical Engineering, 
17, pp. 260-270. 

[28] Wang, Y., and Wu, G. (2008). Understanding and modelling 
soil-water characteristic curves. Chinese Journal of 
Geotechnical Engineering, 30, pp. 1282 – 1290. 

[29] Wong, J. T. F., Chen, Z., Chen, X., Ng, C. W. W., & Wong, M. 
H. (2017). Soil-water retention behavior of compacted 
biochar-amended clay: a novel landfill final cover material. 
Journal of Soils and Sediments, 17, pp. 590-598. 

[30] Zhang, Y., Kendy, E., Qiang, Y., Changming, L., Yanjun, S., and 
Hongyong, S. (2004). Effect of soil water deficit on 
evapotranspiration, crop yield, and water use efficiency in 
the North China Plain. Agricultural Water Management, 64, 
107-122. 

                                                                                                                                                           


