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ABSTRACT 

Previous studies show that soil properties are affected by plant and the change of 

atmosphere in the shallow soil layers of urban landscape which may affect the stability 

of geotechnical infrastructures. Many relevant studies have been carried out to find out 

the relationship and the influences to soil suction induced by plants However, many 

experiments were designed to be done in laboratory, which may influence and change 

the actual factors in natural situation. Also, beside of the influence induced by plant, 

grass in the field monitoring is also one of the important influential factors for variations 

of soil suction.  

 

A series of laboratory tests and field monitoring tests were performed in this study. Soil 

classification test was carried out in the laboratory; Soil infiltration test was done at the 

field site to record the permeability variations of the soil under the different type of 

grass. Beside of this, the installation of the sensors was participated, and image taking 

was also performed. The field test was intended to monitor the variations of soil 

properties due to grass activity. 

 

The result of this investigation reveals that the growth activity of the grass influences 

the soil suction, soil moisture and soil permeability. The different grass growth states 

of grass at different date cause the different increases in soil suction and permeability 

decreases in soil moisture. Beside of the factor, precipitation was also an important 

factor which influences the grass growth and the variation of the soil suction.  
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CHAPTER 1 INTRODUCTION 

1.1 Background 

Grass is natural, environmental-friendly and popular resource that can be used to 

reinforce or stabilize soil structure in engineering. It’s commonly used as vegetation, 

which reforests and decorates the soil surface. According to the Food and Agriculture 

Organization of the United Nations (FAO), the function of vegetation is preventing soil 

degradation, maintaining necessary water and nutrient, reducing water to prevent soil 

erosion and reducing wind erosion. Previous studies have shown that plants can stabilize 

the soil in mechanical and hydrological ways, that involve in mechanical reinforcement 

to the soil by plant root system (Zeimer, 1981) and the activities of plants (e.g. growth, 

transpiration) can reduce water content and affect soil suction of by root water uptake 

(Indraratna et al., 2006; Rahardjo et al., 2014). When variations occur in soil suction, 

relevant parameters such as soil moisture and the soil permeability would be affected. 

Thus, it’s necessary to understand the effects of grass on soil suction, soil moisture and 

soil permeability in shallow soil layers. 

 

Beside of the effects by grass activities (e.g. root water uptake, transpiration), an 

important factor which influences soil suction and soil moisture is precipitation. 

Precipitation is a factor that cannot be neglected and it can help to explain the variations 

of the suction and water content of the soil in a long-term monitoring. Moreover, a study 

(Feltrin et al. 2010) showed that for a certain area, precipitations is closely related to 

change of the season, and water content is directly influenced by the change of season. 
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Therefore, the effect on soil characteristics induced by precipitation is depended on the 

season in the monitoring period (rainy season or dry season). 

 

1.2 Objectives  

The objective of this study is to investigate the variation of soil suction, soil water 

content and soil permeability induced by the activities of different types of grasses. 

Accordingly, there were some necessary parameters that need to be monitored and they 

include the soil characteristics (suction, water content, infiltration), vegetation 

parameters (e.g. growth activity of different types of grasses), atmosphere parameters 

(e.g. rainfall amount) that can be collected with the application of the related 

instruments (e.g. drone, sensors, infiltrometer). 

 

In this study, the test period starts from Dec. 2018 to Mar.2019, which was in winter to 

spring. Before the field monitoring test, the soil classification was performed and the 

sensors installation into the designed observation points was participated. 

 

1.3 Organization of this report 

There were mainly five chapters in this report. 

Chapter 1 introduces the background this study, and presents the relationship between 

soil suction and plants. Then, the objective of the study is mentioned and the test plan 

is briefly introduced. 
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Chapter 2 is the literature review for this report, and mainly introduces the theory of soil 

suction in the unsaturated soil mechanics theory. Beside this, another necessary 

theories/models and the basic idea of image analysis are also introduced in this chapter. 

 

Chapter 3 introduces the detailed information of the field test including field site 

location, weather change in the site; the information of the instruments which were used 

for the tests. Finally, the monitoring plan, the test procedures and the laboratory test to 

determine the soil basic properties were also included in this chapter. 

 

Chapter 4 is about the introduction of the collected data from the field site during the 

test period, including permeability, soil moisture, soil suction, and rainfall amount. With 

the field site photo taken from drone, it can be a better resource which helps to describe 

clearly the relationship between soil properties and different type of grasses. 

 

Chapter 5 is the conclusion and reflection part that summarizes the conclusions and the 

results of this report, and the reflection and suggestions of this report were mentioned 

that may useful for the related future works. 
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CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction 

This chapter is about the theories and its background for this report, including basic idea 

and information about the unsaturated soil mechanics. Most importantly, the definitions 

of soil suction in unsaturated soil mechanics will be introduced. Furthermore, the related 

theories and definitions are also introduced to help analyze and explain the data from 

the field test. Finally, the image analysis technology will be introduced which can help 

to analyze and explain the plant growth with the collected data. 

 

2.2 Unsaturated Soil Mechanics Theory  

Soil mechanics mainly describes the behavior of soils. It provides a basic theoretical 

analysis in geotechnical engineering. It can be used to analyze deformation of natural 

and man-made structures which are supported on soil such as foundations, buried 

pipeline systems, dams, etc. 

 

Soil mechanics is categorized as two fields which are saturated soil mechanics and 

unsaturated soil mechanics. Saturated soil mechanics is a classical-leading soil 

mechanics which means that soil is saturated with fluids in the void (e.g. completely 

dry soils with 0% saturation, completely wet soils with 100% saturation). The saturated 

soil mechanics theory can be applicable in the areas where were in extreme water 

environment (i.e. high amount of rainfall or low water evaporation).As saturated soil 

mechanics only works on the extreme cases, unsaturated soil mechanics is for soil with 
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0% to 100% saturation. Therefore, saturated soil mechanics is two of the cases in 

unsaturated soil mechanics. 

 

Unsaturated soil mechanics theory plays an important role in geotechnical engineering. 

It is improved rapidly with the linkages between theories, laboratory tests and 

engineering practices. While analyzing unsaturated soils problem, it’s not only needed 

to apply the theories and the understandings of fluid mechanics, fundamental physic 

theories are also needed (e.g. basic thermodynamics). Energy balance theory is also 

applicable to explain the material phrase transitions (solid phrase, liquid phrase, gas 

phrase). Because there was different ranges of saturation, classical soil mechanics 

cannot explain or predict the unsaturated soil systems effectively. 

 

2.2.1 Soil Suction 

Soil suction is an important parameter in soil mechanics theory, which is one of the 

important characteristic of the soil. Soil suction is about the pressure difference of 

interaction of soil, water and air, which is resulting in the negative pore water pressure. 

It is defined as the energy required for extracting unit volume of water from soil 

(Fredlund and Rahardjo, 1993). Several main factors that affect soil suction were 

particle size and the density of soil (grain size distribution), soil water content (soil 

moisture), drying and wetting environment and the grass activity (water uptake by root).  

 

A tensiometer is commonly used in measuring soil suction of unsaturated soils. It 

measures the sum of matric water potential (Ψ𝑚𝑚) and pneumatic pressure. From the 

definition of matric potential in Encyclopedia, Matric water potential is one of the water 

potential which due to the adhesion of water molecules to undissolved structures of the 
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system, and it always results in negative values. Tensiometer is usually applicable for 

field experimental measurements. Beside of tensiometer, sensors which are designed 

for a continuous measurement for the variation of soil suction are commonly used in 

field tests (e.g.  MPS-2 & MPS-6 used in the field monitoring test in this study). It 

determines the water potential (Ψ) by porous ceramic discs, and gives the result of 

matric water potential (Ψ𝑚𝑚). 

 

 

Figure 2.1Soil-water characteristic curves for different types of soil  

from https://en.wikipedia.org/wiki/Water_retention_curve 

 

Figure 2.1 shows the soil-water characteristic curves (SWCCs), which can be also called 

water retention curve, represents the relationship between soil potential (Ψ) and soil 

water content (θ). Different characteristic curves can be obtained for different types of 

soil, as shown in Figure 2. Soil-water characteristic curves are important for the analysis 

of the unsaturated soil which is used to estimate the hydraulic properties (e.g. soil 

permeability, shear strength, etc.).  
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2.2.2 Soil Moisture 

Soil Moisture (Soil water content) is an important topic in the unsaturated soil 

mechanics theory. For unsaturated soil, it has a presentation in the term of “degree of 

satuation”, which is a range from 0 (completely dry) to 100 (fully saturated). Soil 

moisture affects water availability to plants and indirectly influences the temperature 

and humidity close to the ground. (Isobel Bramer et al., 2018). Moreover, it is one of 

factors for the formation of soil and it helps to hold the spaces between soil particles. 

 

There are several methods that can measure the water content of the soil. The simplest 

and direct method is putting the known volume soil into the oven and let it dried, and 

then the volumetric water content (θ) can be obtained through the volume of water (Vw) 

and the mass of water (mw): 

θ = 𝑽𝑽𝒘𝒘
𝑽𝑽𝒘𝒘𝒘𝒘𝒘𝒘

     (2.1) 
Where 𝑉𝑉𝑤𝑤  is the volume of water, 

 𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤is the total volume of the wet material. 

 

And the total volume of the wet material can be obtained from: 

𝑉𝑉𝑤𝑤 = 𝑚𝑚𝑤𝑤
𝜌𝜌𝑤𝑤

= 𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤−𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑

𝜌𝜌𝑤𝑤
                                          (2.2) 

Where 𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤 is the mass of soil sample before drying in the oven, 

 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑  is the mass of soil sample after drying in the oven, 

 𝜌𝜌𝑤𝑤 is the density of the water. 

 

In this method, soils samples can be taken from the field site and brought them back to 

laboratory for a one-time analysis of the soil water content. However, this method 

doesn’t work when the continuous monitoring is needed. Furthermore, using this 
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method is not convenient for field monitoring tests because digging for the soil samples 

frequently will damage the original soil structure a lot, which may change the structure 

of the soil; and the process of drying and weighting the soil samples repeatedly is a not 

efficient way to monitor the soil water content. Therefore, soil moisture sensor is 

necessary for a continuous field monitoring. Soil moisture sensor records the volumetric 

water content of the soil automatically. Moreover, using soil moisture sensor is more 

effective to monitor variations of the soil water content with a more accurate result. 

 

2.2.3 Permeability and Hydraulic conductivity 

Soil permeability (𝑘𝑘) is a measure in fluid mechanics which measures the ability of soil 

to allow fluid to pass through. It is affected by the grain size, the void ratio, structural 

arrangement of the soil. A high permeability results in a rapid flow of the fluid, the 

measure of permeability in SI unit is (𝑚𝑚2). Another unit of permeability is darcy (𝑑𝑑) 

(1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ≈ 10−12 𝑚𝑚2), it honors a well-known French engineer named Henry Darcy 

who made important contributions to hydraulics (e.g. Darcy’s law). Moreover, the study 

of soil permeability is important for geotechnical engineering problems such as 

determination of the rate of settlement of a compressible and saturated soil layer and 

the calculation of uplift pressure under hydraulic structures and the safety against piping 

(Soil Water: Permeability, n.d.) 

 

Besides, hydraulic conductivity (𝐾𝐾) describes the ease of a fluid moving through the 

pore spaces of the soil. For saturated soil, saturated hydraulic conductivity (𝐾𝐾𝑠𝑠𝑠𝑠𝑤𝑤 ) 

describes the water movement under a saturated media. There are several methods for 

the measurement of hydraulic conductivity in laboratory or field. For laboratory 

measurement, constant-head method by using Darcy’s law is commonly used for 
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granular soil and falling-head method is applicable for both fine-grained and coarse-

grained soils; Field measurements such as infiltration test is for measurement above 

water table and slug test is for measurement below the water table. 

 

In field test, hydraulic conductivity can be obtained through calculation using the data 

in field infiltration test. The method suggested by Zhang (1997) is simple and works 

well for measurement of infiltration to dry soils. It is required to measure cumulative 

infiltration versus time which fits the result with the function: 

I = 𝐶𝐶1𝑡𝑡 + 𝐶𝐶2√𝑡𝑡                                                (2.3) 

Where 𝐶𝐶1 (𝑚𝑚∝ 𝑠𝑠−1) = a parameter which related to hydraulic conductivity; 𝐶𝐶2 (m 𝑠𝑠−1/2) 

=the soil sorptivity; t = time (s). 

 

The hydraulic conductivity of the soil (K) can be computed from: 

K = 𝐶𝐶1
𝐴𝐴

                                                        (2.4) 

Where 𝐶𝐶1= the slope of the curve of the cumulative infiltration versus the square root 

of time; A= a value related to Van Genuchten parameters for a give soil type to the 

suction rate and the radius of the infiltration disk. The value A can be computed from 

the following equations: 

A = 11.65�𝑛𝑛0.1−1�exp [2.92(𝑛𝑛−1.9)∝ℎ0
(∝𝑑𝑑𝑜𝑜)0.91                                  (2.5) 

A = 11.65�𝑛𝑛0.1−1�exp [2.92(𝑛𝑛−1.9)∝ℎ0
(∝𝑑𝑑𝑜𝑜)0.91                                  (2.6) 

Where 𝑛𝑛 and ∝ are the van Genuchten parameters for the soil; 𝑑𝑑𝑜𝑜 = the radius of the disk; 

ℎ0 =suction at the disk surface. 
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Table 2.1 shows the example of the recorded data during field infiltration test. The 

readings from the infiltrometer were recorded during the test, and the cumulative 

infiltrated volume was calculated afterwards. For obtaining the value of hydraulic 

conductivity, a graph of cumulative infiltrated volume versus the square root of time 

was needed to plot out. 

Table 2.1 Example of data recording in field infiltration test 

Field infiltration test 

Testing point : Point C 

Date: March 4, 2019 Start time: 11:49 am 

Time (s) Volume (ml) Cumulative infiltrated 

volume (ml) 

0 80.6 0 

30 79.4 1.2 

60 78 2.6 

90 77.7 2.9 

120 75.8 4.8 

150 74.5 6.1 

180 73.3 7.3 

 

Figure 2.2 showed the graph of cumulative infiltrated volume versus the square root of 

time. The value of 𝐶𝐶1 can be obtained from the slope of the curve in figure 2.2, which 

𝐶𝐶1 will be 0.0376 in this example.  
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Figure 2.2 Graph of cumulative infiltration volume vs. square root of time 
 

 

Moreover, hydraulic conductivity has a relation with permeability of the material, which 

can be described as:  

 𝑘𝑘 = 𝐾𝐾 𝜇𝜇
𝜌𝜌𝜌𝜌

                                                     (2.7) 

Where 𝑘𝑘  = permeability, (𝑚𝑚2 ); 𝐾𝐾 = hydraulic conductivity, (𝑚𝑚/𝑠𝑠 ); 𝜇𝜇 = dynamic 

viscosity, (𝑚𝑚𝑚𝑚𝑑𝑑 ∙ 𝑠𝑠); 𝜌𝜌 = density of water (1 𝑘𝑘𝑘𝑘/𝑚𝑚3); 𝑘𝑘= acceleration due to gravity, 

(9.81 𝑚𝑚/𝑠𝑠2).  

 

The dynamic viscosity 𝜇𝜇 of water can be obtained by: 

𝜇𝜇 = 𝐴𝐴 × 10𝐵𝐵/(𝑇𝑇−𝐶𝐶)                                           (2.8) 

Where A =  2.414 × 10 −5 Pa · s  ; 𝐵𝐵 =  247.8 K ; 𝐶𝐶 = 140𝐾𝐾 ; 𝑇𝑇 = Temperature of 

water . 
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2.3 Image Processing Technique 

Image processing technology grows fast in recent decades; it benefits a lot in 

engineering and science field, one of the benefited fields is biological imaging analysis 

by using modern computers. Biological imaging is an efficient way to visualize and 

show the inaccessible parts of an object in order to develop or improve further studies. 

By transforming pictures to digital information, scientific image analyzing software is 

very helpful for the scientific experiments. 

 

Image J is a free scientific image processing program which is developed by Wayne 

Rasband at National Institutes of Health (NIH) and the Laboratory for Optical and 

Computational Instrumentation (LOCI, University of Wisconsin) in the 1970s, known 

as NIH Image previously. After Image J was published, several similar image 

processing program as Image J were developed for different purposes. For example, 

AstroImage J developed by John Kielkopf, is an Image J with astronomy plugins; Fiji 

is Image J with extras which with more plugins for scientific image analysis. Table 2.2 

shows the history of Image J and Table 2.3 shows the related software examples of 

Image J. 
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Table 2.2History of Image J 

 Description 
Date 

initiated 

NIH Image 

The primitive version of Image J developed by 

Wayne Rasband, this version is no longer under 

active development 

1993 or 

earlier 

Image SXM 

An extended version of NIH Image developed by 

Steve Barrett, which can handle the loading, display 

the analysis of scanning microscope images. 

May 1993 

Image J1 
A stable version of Image J. It has a strong user base 

with lot of plugins and macro for wide performance. 
1997 

Image JA 
A branch of Image J, which was developed by 

Johannes Schindelin. It’s integrated into Fiji now. 
Jul. 2005 

MBF Image J 
A version of Image J for Microscopy, developed by 

Tony Collins. This version is defunct in late 2012. 
2005 

Fiji 
A version of Image J with many plugins which are 

useful for scientific image analysis. 
Dec.2007 

Image JX 
A version that was  created as a means to discuss and 

explore improvements to Image J by Grant Harris 
Mar.2009 

Image J2 

(Image JDev) 

A new version of Image J for scientific 

multidimensional image analysis, providing new 

features, such as an automatic updater, and improved 

scripting capabilities. 

Dec.2009 

Image JFX 
A new user interface of Image J, developed by Cyril 

Mongis. 
2015 
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Table 2.3 Related software examples of Image J 

 Description Date Initiated 

CellProfiler 
Free and open-source software developed by Anne 

Carpenter and Thouis Jones. 
2006 

Bio7 

A software for ecological modeling, it focuses on 

individual-based modeling and spatially explicit 

models. 

Unknown 

Icy 

An open-source software that connects developers 

and user through website, it is created for 

quantitative image analysis. 

2011 

AstroImage J 
AstroImage J is Image J with astronomy plugins, 

which was developed by John Kielkopf. 
Unknown 

Salsa J 

Salsa J is intended for professional astronomy 

image analysis, it’s also to be used in classrooms, 

developed by EU-HOU. 

Unknown 

 

Image J is a very useful image analyzing program which can display, edit, analyze, 

process, save and print different kinds of images (i.e. 8-bit color and grayscale, 16-bit 

integer, and 32-bit floating point images), and also supports many image file formats. 

Although Image J is developed for biological science, it has been widely used for 

researches in geotechnical field. It can be also used for estimate the soil properties such 

as cracks on soil surface (Lakshmikantha, 2009). 
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2.4 Summary 

This chapter basically introduces the fundamental theories for this thesis, with some 

history, definition and the usage of the unsaturated soil mechanics, saturated soil 

mechanics. Also, the definition of soil suction, soil water content, soil permeability and 

hydraulic conductivity were described. Furthermore, Soil-water characteristic curves 

(SWCCs) which can estimate the soil hydrological properties. Lastly, the image analysis 

software (Image J) that was used to analyze the plant growth in the field test was 

introduced. 
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CHAPTER 3 FIELD MONITORING AND TEST PROCEDURE 

3.1 Introduction of field monitoring 

This chapter introduced basic information about the field monitoring test. Firstly, the 

location of the field was described, also with the basic environmental description such 

as weather, which could provide basic idea of the field site. Secondly, the instruments 

that were used in the test and their technical parameter were introduced. Moreover, the 

monitoring plan and test procedures were described. Lastly, the basic properties of the 

soil sample which was taken from the filed site were described. 

 

3.1.1 Field Site Description  

The field site for the test was located in an area outside Choi Kai Yau College (W12), 

University of Macau (UM), Macau, China.  

 

Figure 3.1 Location of Macau, China 
 

http://ontheworldmap.com 
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Macau is located the southern China, and the west of Pearl River Delta. It has a humid 

subtropical climate, with dual season dominant - which summer is warm and humid 

with frequent rainfall; winter is dry and cold with less rainfall. According to the 30-year 

statistics of  some meteorological elements (1981-2010) from Macau Meteorological 

and Geophysical Bureau (SMG), the annual mean temperature in Macau was 22.6 ℃; 

Total rainfall amount was 2058.1mm, and the relative humidity was 78.8%. 

 

Figure 3.2 Location of University of Macau (UM) campus 
 

For the weather information, according to the weather observation data from Macau 

Meteorological and Geophysical Bureau (SMG), the average temperature in the test 

period was 17.6 ℃; Average humidity was 82%; Total rainfall was 107.4 mm, which 

was relatively less since the test period was in winter. 
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Figure 3.3 Weather data from SMG 
 
 

The weather observation data can be obtained from the website of SMG. The specific 

weather data of every month is shown in the website and it provides a statistic values 

(e.g. Mean value or Total value) for the selected period. 

 

The selection of the 
month(s) for 
observation data 

The mean and total data of the 
month(s) 
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3.1.2 Installation and distribution of sensors and Instruments 

To collect the necessary data for the field test, some instruments were required to install 

or manipulate at the field. The following table (Table 3.1) introduced the necessary 

instruments for the tests. 

 

Table 3.1 Instruments used in laboratory and field tests 

Instrument Description 

 

Sieve (US standard test sieve series) 

This set of sieve series is commonly used 

to perform sieve analysis in civil 

engineering or sedimentology, which can 

access the particle size distribution. It’s 

commonly used in a combination with 

four or eight sieves. 

The sieve size used in this project: 

Sieve No. Sieve Size (mm) 

No.4 4.75 

No.10 2.00 

No.20 0.85 

No.40 0.425 

No.60 0.25 

No.140 0.106 

No.200 0.075 

 Pan 
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Dielectric water potential sensor 

(MPS-2 & MPS-6)  

It is an instrument which measures the 

soil suction (soil water potential). It was 

installed at each observation points to 

monitor the variation of soil suction. 

Suggestion for installation: It’s important 

to ensure that the sensor and the soil are 

contacted well and not to place the sensor 

with other sensors too close in order to 

prevent the electromagnetic interference. 

 

Dielectric Soil Moisture sensor 

(CFS13) 

Soil moisture sensor measures the water 

content through the variation of the 

dielectric constant (the dielectric 

constant for water is 80 and 3-10 for 

soil). When the water content in soil 

decreases, the dielectric constant will be 

reduced. 

Suggestion for installation: It’s important 

to ensure that the sensor and the soil are 

contacted well and not to place the sensor 

with other sensors too close in order to 

prevent the electromagnetic interference. 

Ceramic disks 
(Static Matrix) 

Probe 
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Mini Disk Infiltrometer Model S 

It is an instrument for the infiltration test 

which can obtain the soil hydraulic 

conductivity in the field measurement. 

 

Drone and controller 

This instrument is for image analysis; it 

can take pictures at the height where 

users want. It can help to analyze in 

image analysis technique for the grass 

growth at the field. 

Suggestion: It’s necessary to prepare a 

portable device (e.g. phone) to connect 

with the controller in order to control the 

position of the drone and take pictures. 

Controller 

drone 
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Rain guage (ECRN-100)  

It is a high resolution instrument which 

can measure the amount of precipitation. 

The principle of this instrument is spoon 

mechanism, which can make the 

instrument more sensitive with a high 

resolution of 0.2 mm. 

  

The installation of the sensors was participated. Figure 3.4 shows the sketch about the 

installation. Since there were three observation points, a pair of water potential sensor 

and water moisture sensor was assigned to each observation point. Before installing the 

sensors, it was necessary to remove the soil to a shallow depth of 20cm where the rapid 

change of soil suction was expected. The soil was removed by a digging machine; it 

was needed to measure the depth during digging. Part of soils that dig out can be brought 

back to laboratory to perform sieve analysis. After the sensors were installed and 

connected to the data collector, recovered the soil surface by the soil that dig out. 

Another process that needed to be attention was the labeling of the sensors; it would be 

more convenient to get the corresponding data for the later analysis.    

 

Figure 3.4 A Sketched picture of the installation process. 

Soil 
Grass 

Depth=20 cm 
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3.1.3 Field Monitoring Plan 

The field test was done outside Choi Kai Yau College (W12) as Figure 3.5 shown below. 

The chosen observation points were based on different types of grass, and with one 

blank area. The testing period was from Dec. 2018 to Mar. 2019, which was from winter 

to spring, aimed to observe the soil suction changes with the influence of different grass 

type. 

 

Figure 3.5 Overview of field site 
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Figure 3.6 Overview of the Observation points 
 

Figure 3.6 shows that there were three observation points for the field test. The grasses 

at those points were different. The following table introduces the grass at each point. 

 

According to the observation on-site, the grasses on the field were mainly two types, 

which was Axonopus compressus and Taibei grass. Therefore, these two types of grass 

were designed for the test. Beside the effects of different type of grass, an area where 

the grass was removed was intended to investigate the affect with weather only. 

  

Point A 

Point B 

Point C 
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Table 3.2 The grass type at each observation points 

 

 

Point A - Axonopus compressus 

 

 

Point B – Bare soil (blank) 

 

 

Point C - Zoysia matrella (Taibei grass) 

 

The test period was assigned in three months (January to March in 2019). In this field 

test, field infiltration test was done; the installation of the sensors and the photo taking 

were participated. For the testing plan, two infiltration tests were planned to be done in 

a week and one photo taking was once for a month. The infiltration test aimed to get the 

amount of water infiltrated into the soil; because the amount of every week was different 
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due to the weather (e.g. rain, foggy, sunny, etc.). Photo taking was performed in order 

to monitor the situation of grass growth. 

 

3.2 Test Procedure 

There are several tests that needed to perform in the field measurement. The first test 

was the soil classification which was done in laboratory, soil classification is the most 

basic part of the test, which represents the composition of the soil from the field; 

Infiltration test was also important that reveals the ability of the hydraulic conductivity 

of the soil. Furthermore, monitoring tests such as sensor installation and photo taking 

were participated which was helpful for the analysis in this test.  

 

3.2.1 Soil classification  

The soil classification test was done in the laboratory. After the observation points were 

selected, the sample soil was dig from the depth of 20 cm during the installation of the 

sensors. After this, taking the samples back to the laboratory and handling them 

according to the following process. 

 

Figure 3.7  the soil samples just took from the field site. 
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Soil samples of the observation points were taken from the field at the same day which 

was to ensure the soil sample was taken in the same situation (e.g. weather, moisture). 

First, the tools for taking soil samples such as digging machine and small shovels, 

plastic bags were prepared. Taking soil until the bag was almost filled fully because 

taking more soil can ensure the amount of the test samples were the same and prepare 

for the backup if the soil samples were damaged or lost during the process. 

 

After the soil samples were taken to laboratory, taking three pans which were used to 

be a vessel to put the soil samples into the oven. Then, put the soil samples in the pans 

in order and recorded with photo. For this test, oven dry method was used to handle the 

soil sample for sieving. After finished recording the soil samples with the pans, put the 

samples into the oven to dry it for 24 hours at a temperature of 105 ℃ to 110 ℃ . The 

intention for drying the soil samples for 24 hours was make sure the soil samples were 

completely dried for sieving. 

 

After 24-hours drying, take out the soil samples and pour them into a plate and used 

some tools (e.g.  Small shovels) which can help to crush the dried soil lumps. Sometimes 

the soil particles sticks together, but the soil lumps do not equal to the actual particle 

size which will affect the result in classifying the soil samples. Took some tools and 

crush on the soil samples evenly and gently, at this time, some soil lumps crushed into 

finer particles. Repeated crushing soil samples by small shovels several times, and then 

the preparation for sieving was finished. 
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Figure 3.8 Dried and treated (crushed) soil samples. 
 

Figure 3.8 shows the soil samples after dried for 24 hours and the dried soil lumps were 

crushed into smaller particles, were ready for sieving. Take 1000 g of each sample as 

specimen, and then gently pour each specimen on the sieve each time. 

 

 

Figure 3.9 The setup for sieving 
 
Lastly, set up the equipment correctly and set the timer to 10 minutes to sieve the soil 

samples. 

Sample A Sample B Sample C 
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Figure 3.10 Grain size distributions of soil samples 
 

The grain size distributions of three soil samples were shown in Figure 3.10. For the 

classification, the calculation was done separately and the results of three soil samples 

were the same as shown in the fitted curve in Figure 3.10. According to Unified Soil 

Classification System (USCS), the soil type at the observation points was well-graded 

sand (SW).  

 

3.2.2 Field Infiltration test 

Infiltration test was done at the field site. Mini disk infiltrometer is a convenient 

instrument that is easy to bring and use for the infiltration test at field site. Hydraulic 

conductivity (Ks) and infiltration (I) of the soil can be obtained through mini disk 

infiltrometer. In this test, Mini Disk Infiltrometer (Model S) produced by Decagon 

Devices was used.  
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Mini disk Infiltrometer (Model S) is an instrument which measures the cumulative 

infiltration volume, infiltration rate of the soil and the hydraulic conductivity of soil can 

also be obtained through the calculations.  

 

Figure 3.11 describes the formation of the infiltrometer. During the test, the upper and 

lower chambers will be filled with water. The upper chamber controls the suction rates 

and the lower chamber is filled with water that infiltrates into the soil through the 

sintered stainless steel disk. The choice of the suction rate to control is recommended 

to be 0.5 cm by Degacon for a slower infiltration.  The specifications of the infiltrometer 

are also listed below in Table 3.3. 

Table 3.3 Specifications for Mini Disk Infiltrometer 

Total Length 32.7 cm 

Diameter of tube 3.1 cm 

Sintered stainless steel disc 4.5 cm diameter, 3 mm thick 

Length of suction regulation tube 10.2 cm 

Suction range 0.5 to 7 cm of suction 

Length of water reservoir 21.2 cm 

Length of mariotte tube 28 cm 

Volume of water required to operate 135 ml for maximum 
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Figure 3.11 The formation of the infiltrometer. 
 
 
As the observation points were shown in Figure 3.6 in Chapter 3, the observation points 

were chosen as three areas based on the main distribution of the grass types at the field 

site. There were mainly two types of grasses at the field and one cleared area for the 

observation of the effect with no grass.  

 

Table 3.4 shows the close-up situation and the description of three observation points. 

The installation of the sensors at the observation points was participated.  

 

Before the field infiltration test was started, a recording sheet, a timer and a bottle of 

water were necessary. As the plan for the data recording was every 30 seconds and the 

duration of an observation point was 10 minutes, the design of the recoding sheet would 

be 2 columns and 20 rows form recording the time and readings of the infiltrometer. 

Also, recording the temperature and the humidity of the day of test were helpful for the 

Suction Control 
Tube 

Stopper 

Bubble Chamber 

Mariotte Tube Chamber Barrier 

Water Reservoir 

Sintered Steel 
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analysis which could be a reference for the performance of soil infiltration. (i.e. Higher 

temperature may increase the moisture loss of soil surface). 

Table 3.4 Description of the observation points 

 

 

Point A 

This observation point was surrounded 

by the same type of grass (Axonopus 

compressus). The observation points 

were chosen due to the difference of the 

grass type. The area for infiltration test 

was chosen where close to the sensor. 

 

 

Point B 

It was considered as a bare area where 

the grasses were removed as blank as 

possible to produce an area with no 

effects of the grass. The point for 

infiltration test was chosen to be close 

to the sensor. 

 

 

Point C 

This observation point was surrounded 

by the same type of grass (Taibei grass). 

The area for infiltration test was chosen 

where close to the sensor.  
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A timer used in the test was called “Workout Timer” developed by Alexender Senin. It 

is the timer designed for workout training which can set the timer in combinations (e.g. 

8 rounds with 30 seconds of each round). The timer alarms user when each round ends. 

This timer was very useful to assist in infiltration test because the time would be more 

accurate than human count. “Workout Timer” can be downloaded on App Store on iOS 

platform.  

 

After everything was well prepared, pour water to the infiltrometer at a random volume 

where can read the data comfortably, set the soil suction rate to 0.5 cm because it’s 

recommended by Decagon for more compact soil with slower infiltration. Then, block 

the suction control tube by finger, then record the initial readings on the data sheet. 

After the initial data was recorded, place the infiltrometer on the observation point 

gently and made sure the infiltrometer was leveled.  Then move the finger away and 

start the timer at the same time, kneel on the grass and ready to record the data. Repeat 

the process on another observation points until all data of observation points were 

obtained.  

 

3.2.3 Photo taking for image analysis 

Image taking from the field is one of the important parts for the analysis. The growth 

activities of the grasses are important factors influencing the parameters for the analysis 

(e.g. infiltration, suction, moisture) such as evaporation which the water will be 

evaporated to the air through the leaves, and the growth of root will affect the effective 

zone of the water uptakes by root. Thus, photos that record and monitor the situation of 

grass growth were needed. In a nutshell, the intention of photo taking was aimed to 

monitor the grass growth in each week in the test period. 
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The photo taking for image analysis was participated and performed. Figure 3.12 helps 

to explain the installation process of the drone and the controller. Before starting the 

drone, install four small propellers on the drone. Then put the device for photo taking 

on the phone carrier, connect it to the controller with a suitable cable (e.g. charging 

cable for iPhone). After all things were ready, put the drone to a place with no obstacles 

(e.g. trees, buildings, human) and ready to take off. 

 

For this monitoring plan, the pictures of the observation points were took from the 

height of 6 meters from the ground. The height for taking pictures was considered 

according to the environment and the observation points, an appropriate height for photo 

taking can be helpful for the analysis. A height with too close from the observation 

points is not helpful for the overall monitoring (e.g. the surrounding situation of the 

observation points would be ignored). 

 

 

Figure 3.12 Demonstration for the setup of the drone. 
 

Device for photo 
taking 

Connecting 
cable 

Propeller 
of drone 
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After all the photos were taken, control the drone to fly to the place where no obstacles 

on the ground, then lowered the drone to the ground slowly by the controller. When the 

drone landed, the drone must be turned off after the propellers stop rotating for the 

safety concern. 

 

3.3 Summary 

In this chapter, the test period was mentioned which was from January 2019 to March 

2019. The basic location and atmosphere information of the field site were introduced, 

the average temperature was 17.6 ℃, average humidity was 82% and total rainfall was 

107.4 mm in the test period. Moreover, the field monitoring plan, observation points 

and the equipment for tests and its procedures were introduced. After the sieve analysis 

in the laboratory was performed, the result of the soil type of the observation points was 

well-graded sand (SW). 
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CHAPTER 4 DATA RESULTS AND ANALYSIS 

4.1 Introduction 

Chapter four shows the results from the field monitoring test and the analysis of the 

results. Soil suction, and soil moisture changes under different conditions (e.g. rain will 

increase soil water content, grass growth activity). Therefore, the variation of soil 

properties in the test period will be discussed first. Second, the quantified grass density 

reveals the grass growth activity will be a reason of the change of soil suction and soil 

water content. Then, the variation of soil permeability will be analyzed. Lastly, the 

effect of grasses on soil suction and soil moisture will be discussed separately. 

 

4.2 The variations of soil properties in the field monitoring  

In the test period, the data obtained from the field test and the monitoring sensors were 

recorded with variations. The variation of soil suction at the observation points were 

shown as Figure 4.1 to Figure 4.3. 

 

Figure 4.1 showed the variation of soil suction at point A. The sensors were installed at 

the depth of 20 cm and 40 cm at point A. The suction at the depth 20 cm was higher 

than at the depth of 40 cm. The reason of the difference was that the effect of water 

uptake by grass root and the effect of evaporation in the soil depth of 20 cm was larger 

than that in the soil depth of 40 cm. 
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Figure 4.1 Soil suction variations during the test period of point A at 20 cm and 40 cm depth. 

 

Figure 4.2 showed the variation of soil suction at point B. The sensors were installed at 

the depth of 20 cm and 40 cm at point B. The suction at the depth 20 cm was higher 

than at the depth of 40 cm. Since there was no vegetation on point B, the water 

evaporated from the soil surface to the lower depths. Therefore, the water evaporated 

from 20 cm which made the suction at the depth of 20 cm was higher. 
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Figure 4.2 Soil suction variations during the test period of point B at 20 cm and 40 cm depth. 

 

Figure 4.3 showed the variation of soil suction at point C. The authors only installed the 

sensors in the depth of 40 cm of points A and B to analysis the influential depth of 

grasses, and for point C, the sensors are installed in the depth of 20 cm. It was an obvious 

change of soil suction after the mid-term of February which was increased rapidly since 

there was precipitation start from February to March and the soil become more saturated, 

which the suction decreased. 
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Figure 4.3 Soil suction variations during the test period of point C at 20 cm depth. 
 

Moreover, the soil water content (soil moisture) variation of the observation points were 

shown in Figure 4.4 to Figure 4.6.  

 

The variation of soil water content at the depth of 20 cm and 40 cm of Point A was 

shown in Figure 4.4. The water content was small at the period of January to the mid-

term of February because there was no precipitation at the winter. Moreover, the water 

content at 20 cm was relatively smaller than the water content at the depth of 40 cm, 

which was because the water uptake by grass roots. Thus, combining the result of the 

suction of Point A, the effect of water uptake by root was resulted at the depth of 20 cm. 
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Figure 4.4  Soil moisture variation during the test period of point A at 20 cm and 40 cm depth. 
 

Figure 4.5 showed the water content at the depth 20 cm and 40 cm at Point B (bare soil). 

It was obvious that there was difference at 20 cm and 40 cm starting from the min-term 

of February. With the precipitation to the soil, the water evaporated from the soil surface 

to the deeper depth. Moreover, without the vegetation, the evaporation would be faster 

because there were no covers to keep the moisture on the soil surface. 
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Figure 4.5 Soil moisture variation during the test period of point B at 20cm and 40 cm depth. 
 

The variation of soil moisture of Point C in the monitoring period was shown in Figure 

4.6. With the effect of precipitation, the soil water content increased and the variation 

during winter (January to February) was very little but larger in spring.  

 

Figure 4.6 Soil moisture variation during the test period of point C at 20cm depth. 
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To conclude the variations of soil properties in the monitoring period, the effect of 

precipitation and vegetation were found that the precipitation decreases the soil suction 

rapidly but increases the soil water content; Vegetation increases the soil suction but 

decreases the soil water content by water uptake by root. However, the variation of the 

soil suction and soil water content of bare soil was mainly affected by evaporation.   

 

4.3 The variations of soil permeability 

The field infiltration test was performed in the test period. According to section 2.2 in 

Chapter 3, the infiltration rate, the hydraulic conductivity and permeability can be 

obtained from the data set of each infiltration test.  

 

Table 4.1 showed the infiltration rate of the testing points. The infiltration rate of Point 

B was relatively higher than Point A and Point C in general. A higher infiltration rate 

indicates that the water flows rapidly in the soil. Since there was no grass vegetated at 

Point B, there was no other hinders to the water flow inside. 
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Table 4.1 Infiltration rates during the testing period 

Date 
Point A Point B 

IB (mm/hr) 

Point C 

IC (mm/hr) IA(a) (mm/hr) IA(b) (mm/hr) 

2018/12/27 1710 331.2 3819.6 122.4 

2018/12/31 316.8 640.8 1411.2 342 

2019/1/25 547.2 360 846 280.8 

2019/1/28 64.8 122.4 518.4 208.8 

2019/1/31 291.6 79.2 475.2 -39.6 

2019/2/28 2257.2 2059.2 93.6 266.4 

2019/3/4 338.4 288 306 1353.6 

2019/3/12 741.6 176.4 1393.2 723.6 

2019/3/14 511.2 349.2 1094.4 428.4 

Average 621.4 1106.4 409.6 

 

Figure 4.7 to Figure 4.9 shows the variation of the infiltration rates at the observation 

points. According to U.S. Geological Survey (USGS), the several factors that affecting 

the infiltration rate are soil characteristics (unchangeable), precipitation, soil 

saturation/water content, land cover, etc. These are the important factors to be discussed 

in this study. A high infiltration rate reveals a rapid flow of the fluid, which the soil is 

fully unsaturated (higher suction and less water content). 

 

Figure 4.7 shows the variation of infiltration rate within the test period. Since there are 

two testing points at point A which were close to each other, the plotted graph should 

be similar. The obvious differences from the start of February to March showed that 

there was a grass growth activity in spring, which the soil aggregate was changing. 
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Moreover, the grass type at point A was Axonopus compressus, which leaves were 

larger; the evaporation of the grass would be relatively higher than point C (Taibei 

grass). 

 

Figure 4.7 Variation of infiltration rate in the test period at point A 

 

Figure 4.8 shows the variation of infiltration rate of point B within the test period. Since 

point B was an area of bare soil, the effect of direct evaporation to atmosphere would 

be the dominant factor (no grasses on the surface to reduce the evaporation). The rate 

of change of the infiltration rate was relatively less than the area with grasses’ cover. 

Moreover, a decrease of infiltration rate reveals that the soil became saturated, thus the 

flow of water became slower. 
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Figure 4.8 Variation of infiltration rate in the test period at point B. 

 

Figure 4.9 show the variation of infiltration rate at point C during the test period.  The 

type of grass at point C was Taibei grass, which leaves were smaller than the grass type 

at point A. A data point on 31/01/2019 was a negative value of infiltration, which 

indicated the problem of data set – shook the infiltrometer during the measurement 

(Decagon,2016). Moreover, a large increase of infiltration rate usually occurs at the start 

of the precipitation. 

 

Figure 4.9 Variation of infiltration rate in the test period at point C 
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As the variation of infiltration rates of the observation points were shown, the graph of 

point A and point C were similar and point B was different from point A and C. The 

infiltration rate at point A and point C usually increases because there were grasses 

covered on the point, which the water uptake by root occurred. When the soil became 

more unsaturated, the demand of water would be larger, which result in an increase of 

infiltration. On the other hand, with no effect of water uptake by root, the demand of 

water of the soil at point B was relatively less than point A and C.  

 

Moreover, the hydraulic conductivity (K) and permeability (k) were calculated as 

shown in Table 4.3 to Table 4.4 and Figure 4.10 to Figure 4.15. 

 

The infiltrometer used in the field infiltration test was Mini Disk Infiltrometer. For the 

calculation of hydraulic conductivity, the van Genuchten parameters for Mini disk 

infiltrometer were provided by Decagon in the manual shown as following table: 
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Table 4.2 The Van Genuchten paramteres for Mini disk infiltromter (Model S) provided by 

Decagon, 2016 

 Suction rate (𝒉𝒉𝟎𝟎) 

-0.5 -1 -2 -3 -4 -5 -6 

Soil texture A 

Sand 2.84 2.40 1.73 1.24 0.89 0.64 0.46 

Loamy Sand 2.99 2.79 2.43 2.12 1.84 1.61 1.40 

Sandy Loam 3.88 3.89 3.91 3.93 3.95 3.98 4.00 

Loam 5.46 5.72 6.27 6.87 7.53 8.25 9.05 

Silt 7.92 8.18 8.71 9.29 9.90 10.55 11.24 

Silt Loam 7.10 7.37 7.93 8.53 9.19 9.89 10.64 

Sandy Clay Loam 3.21 3.52 4.24 5.11 6.15 7.41 8.92 

Clay Loam 5.89 6.11 6.64 7.23 7.86 8.55 9.30 

Silty Clay Loam 7.89 8.09 8.51 8.95 9.41 9.90 10.41 

Sandy Clay 3.34 3.57 4.09 4.68 5.36 6.14 7.04 

Silty Clay 6.08 6.17 6.36 6.56 6.76 6.97 7.18 

Clay 4.00 4.10 4.30 4.51 4.74 4.98 5.22 

 

Therefore, the result of the calculation for hydraulic conductivity and permeability of 

the observation points were shown at the Table 4.3 to Table 4.4; The variations of 

hydraulic conductivity and permeability of the observation points were shown at Figure 

4.10 to Figure 4.15. 
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Table 4.3 Hydraulic conductivity and permeability at Point A 

Point A 

Date Ka(a) (m/s) Ka(b) (m/s) ka(a) (m2) ka(b) (m2) 

27/12/2018 7.91667E-06 1.53333E-06 8.08291E-07 1.56553E-07 

31/12/2018 3.78007E-07 7.64605E-07 3.85945E-08 7.80661E-08 

25/1/2019 6.52921E-07 4.29553E-07 6.66632E-08 4.38573E-08 

28/1/2019 1.46048E-07 7.73196E-08 1.49115E-08 7.89432E-09 

31/1/2019 3.47938E-07 9.45017E-08 3.55244E-08 9.64862E-09 

28/2/2019 2.6933E-06 2.45704E-06 2.74986E-07 2.50864E-07 

4/3/2019 4.0378E-07 3.43643E-07 4.12259E-08 3.50859E-08 

12/3/2019 8.8488E-07 2.10481E-07 9.03461E-08 2.14901E-08 

14/3/2019 6.09966E-07 4.16667E-07 6.22774E-08 4.25416E-08 

Average 1.13115E-06 1.1549E-07 

  

 

Figure 4.10 Variation of hydraulic conductivity of Point A 
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Figure 4.11 Variation of soil permeability at Point A 
 

Table 4.4 Hydraulic conductivity and permeability at Point B and Point C 
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Figure 4.12 Variation of hydraulic conductivity at point B 
 

 

Figure 4.13 Variation of soil permeability at point B 
 

0.00E+00

2.00E-06

4.00E-06

6.00E-06

8.00E-06

1.00E-05

1.20E-05

1.40E-05

1.60E-05

1.80E-05

2.00E-05

H
yd

ra
ul

ic
 c

on
du

ct
iit

y 
K

 (m
/s

)

Date

0.00E+00

2.00E-07

4.00E-07

6.00E-07

8.00E-07

1.00E-06

1.20E-06

1.40E-06

1.60E-06

1.80E-06

2.00E-06

Pe
rm

ea
bi

lit
y 

(m
^2

)

Date



51 
 

 

Figure 4.14 Variation of hydraulic conductivity at point C 
 

 

Figure 4.15 Variation of soil permeability at point C 
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roots anchorage and the exudate cementing materials to the soil, and the roots also create 

failure zones which fragment the soil and form aggregates (Angers & Caron, 1998). The 

change of soil structure by root reforming the aggregates, the permeability and hydraulic 

conductivity would be affected. Moreover, it showed the difference between the 

vegetated soils and bare soils. This also explained the rapid growth of permeability and 

hydraulic conductivity of Point A and Point C at the end of February due to the growth 

of grass and the change of season. 

 

4.4 Quanlification of Grass density by image analysis  

The photos for monitoring the growth of grasses were taken during the test period. The 

growth activity of the grass of the observation points was obtained by ImageJ. As 

introduced in Chapter 2, it is a software that can quantify the grass density (area of 

growth) and analyze the grass canopy. The result of the grass density was listed in this 

part and the growth situation was shown as figures in this part. 

 

For getting the grass density, color threshold method was used in this analysis which 

manages the RGB components of the image separately and combines the RGB together 

again. For color threshold method, there were several popular models (i.e. HSB, YUV) 

to be used to analyze the area. In this study, HSB (Hue, Saturation and Brightness) 

model would be used for quantify the area of the grass. Using HSB model was more 

convenient because there was just one major required color (green), by removing the 

useless color in the color spectrum. 
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Figure 4.16 shows the example of image processing by the HSB model in color 

threshold. The color of yellow to green was chosen in the Hue spectrum, yellow was 

also selected because of the old grass but not withered). The important part of 

adjustment was in the brightness spectrum. The adjuster needed to be very focused to 

the selected area which was approximately covered on the grass leaves. 

 

Figure 4.16 Example of image analysis processing 
 

In the progress of image analysis, a lot of problems occurred and difficult to prevent in 

the actual case. Several problems discovered such as the quality of the photo and the 

illumination condition was different at each photo taking day.  The accuracy of the data 

was dependent on the quality of image (i.e. the pixels for scaling); the illumination 

condition was also uncontrollable.  
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Scaling was the important work for the analysis. A 1 meter-long ruler placed on the 

field site as a reference object to obtain the appropriate unit of area (𝑚𝑚2) in ImageJ (The 

defaulted unit in ImageJ is pixels/unit). Figure 4.17 shows the operation for setting the 

scale. Firstly, drew a line which was parallel and align to the ruler in the photo. Then 

select “Analyze”  “Set scale”, entered the know distance as the length of the reference 

object. 

 

Figure 4.17 Example of scaling 
 

After finished setting the scale, an area for color threshold was selected due to the 

observation points. The selected area in this analysis was 0.45 m * 0.45 m circle for all 

observation points. When cropping the area, it was need to pay attention on the area 

shown in the ImageJ window; the width and the height (in meter and pixels) should both 

be the same. After the area was selected, chose “Image”  “Duplicate” and a new 

window of the selected picture area was opened. Then adjusted the HSB spectrums in 

progress as shown in Figure 4.16, when the canopy area was selected appropriately, 

chose “Analyze”  “Analyze particles”. The result of the grass density (area) will be 

shown at the window named “Summary”. 
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The result of the analysis was shown below. It was found that the recorded data was 

obvious that all the observation points have a growth of the grasses. 

 

Table 4.5 Canopy area data of the observation points 

Date Point A (𝒎𝒎𝟐𝟐) Point B (𝒎𝒎𝟐𝟐) Point C (𝒎𝒎𝟐𝟐) 

11/01/2019 0.010 0 0.012 

28/02/2019 0.014 0.003 0.016 

14/03/2019 0.027 0.004 0.027 

 

Also, Figure 4.18 expressed the growth rate of the grass area in the monitoring period. 

Generally, the grass area of point A and point C had a relatively higher rate of growth 

than point B and the growth rate of the observation points were increased from February 

28 to March 14. According to Macau Meteorological and Geophysical Bureau (SMG), 

the period of spring was defined as March to May. So, the increase of the growth rate 

can be explained as a reason of season change. Since the grass was removed at point B, 

the growth rate was lower since there were no enough beneficial surrounding conditions 

for grass to grow (e.g. decayed and withered grass provides nutrients which benefits for 

the plant growth). 

 

Moreover, the growth rate of point A was faster than point C after the season changed 

to spring. As the overview of the field site the and observation points were shown in 

Chapter 3, the reason of the different growth rate at point A and point C in spring was 

that, point C was closer to the tree than point A. Since trees need more nutrients and 

water for its growth, part of the nutrients and water needed would be absorbed towards 
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the tree. However, there was no tress near point A. So the nutrients and water can be 

fully provided to the grass at point A. 

 

 

Figure 4.18 The growth rate of the quantified grass density 
 

Table 4.6 showed the growth situation of the grass at different observation points. After 

the images were processed with color threshold, the growth situations of the observation 

points were shown with only green grasses in black and white photos.  
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Table 4.6 Growth activities of the grass at the observation points 

Date Point A Point B Point C 

11/01/201

9 

   

28/02/201

9 

   

14/03/201

9 

   

 

According to the result, the canopy area kept increasing during the monitoring period. 

This indicated the grass growth activity with the change of season (from winter to 

spring). With an appropriate temperature, humidity and precipitation in spring, the grass 

grew because the water brings the nutrients which beneficial for plants into the soil. 
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4.5 The effects of grasses on Soil Suction  

As mentioned in Chapter 2, the factors that affect the variation of soil suction were grain 

size distribution, soil moisture, grass activity and the drying-wetting environment. The 

effect of grass activity to the variation of soil suction will be discussed in this part. 

 

The growth activity of the grass affects the soil suction by the water uptake by grass 

root. When water seeps into soil, the roots would also absorb a part of water that the 

grass needed. With a variation of the grass growth, the variation of soil suction would 

be explained. 

 

As the growth activity was shown in part 4.4, the rate of grass growth was kept 

increasing in the testing period. The growth rate increased during the season change 

(February to March), this affect the soil suction because there were more water needed 

for the grass growth. 

 

The suction of Point A and Point B at the depth of 40 cm was shown in Figure 4.19. 

Both values and the variations were similar. It indicated that the influence of vegetation 

to soil suction was small at the depth of 40 cm. (Point A was vegetated and Point B was 

bare soil). 
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Figure 4.19 Soil suction at the depth of 40 cm at Point A and Point B 
 

The situation of soil suction at the depth of 20 cm of Point A, Point B and Point C in 

the monitoring period was showed in Figure 4.20. Since the effects of water evaporation 

and water uptake by roots, the suction of the vegetated soil would be higher than bare 

soil. So the difference of soil suction at Point A was higher than the suction at Point B 

was reasonable. the soil suction at Point C was significantly less than Point A and Point 

B which the suctions were similar, the possible reasons of the large difference were that, 

the grass density at Point C was the largest, which made the effect of evaporation less 

than Point A and Point B, and the transpiration effect of grass at Point C was less. 

Different types of grasses have different effect on soil properties. Grass A (Axonopus 

compressus) can improve the evaporation, while grass C (Taibei grass) can decrease the 

evaporation which refers to improve the ability of water retention of soil. Also, a higher 

degree of saturation (higher water content) would decrease the soil suction according to 

the soil-water characteristic curve of sand (Ss) shown in Chapter 2. 
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Moreover, the growth of grass could reduce water evaporates from the soil surface. The 

coverage of grass leaves hinders the radiation to shine on the soil surface directly and 

keep moistures of the soil. Also, as shown in section 4.2 in this chapter, the soil suction 

at the observation points was both increased rapidly on the mid-term of February to 

March. It was because there were precipitations in that period. When the water content 

of the soil increases, the soil suction would be decrease due to the soil saturation. 

 

Figure 4.20 Soil suction at the depth of 20 cm at Point A, Point B and Point C 
 

In conclusion, the effect of the grass to soil suction was found at the variation of suction 

at the depth of 20 cm. The data obtained in the monitoring showed that the soil suction 

at the depth of 40 cm was similar at the vegetated observation point and the point with 

bare soil. However, the difference of soil suction of the observation points was found at 

the depth of 20 cm which the soil suction of the vegetated soil was higher than the bare 

soil. Beside the effect of the grass growth activity, the activity of the absorption of the 

salts by grass root was founded also be the one of the effect of the grass activity. 
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4.6 The effects of grasses on Soil Moisture 

Beside of precipitation, one of the factors which influence the soil moisture was the 

grass activities in this test. Water uptake by grass roots and transpiration of grass leaves 

will keep decreasing the water content in the soil. Also, grass leaves can keep the 

moisture on the soil which help to block the direct effect of radiation to soil surface. In 

this section, the effect of grass activity to the water content of the soil will be shown 

and discussed. 

 

Figure 4.21 to Figure 4.22 showed the variation of soil moisture at 20 cm and 40 cm 

depth. The water flows to the deeper depth due to the gravity, and evaporates from the 

soil surface. Thus, the water content should be decreased from deeper depth to shallow 

depth. 

 

Figure 4.21 showed the variation of soil moisture of Point A and Point B at the depth. 

As mentioned in section 4.2, the reason of the rapid growth of water content was caused 

by precipitation. Before the precipitations (winter), the water content of both points 

were similar and Point A was a little bit higher, which indicated the vegetation can help 

to keep the water in the soil. After the precipitations in spring, the water content at Point 

B was higher than Point A. The grass growth activity was increased at point A in spring, 

which results in decrease of the water content due to the water supply to grass roots for 

grass activities (water uptake by roots, transpiration, etc.). On the other hand, without 

the effect of grass, the water can be kept in the depth of 40 cm. 
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Figure 4.21 Soil moisture at the depth of 40 cm at Point A and Point B 
 

Figure 4.22 showed the variations of soil water content of Point A, Point B and Point C 

at the depth of 20 cm. Overall, the water content at Point C was relatively higher than 

Point A and Point B. According to the soil-water characteristic curves showed in 

Chapter 2 and the discussion for Figure 4.20, with a weaker suction of Point C, the soil 

moisture should be higher. For Point A and Point B, the reason of the difference in 

winter was discussed in the previous figure (Figure 4.21). After the precipitation in 

spring, the water content of Point B at 20 cm depth was higher than Point A, which also 

indicated that the grass activity influences the soil moisture at the depth of 20 cm. As 

the effect of different type of grasses have different effect on soil properties, Point C 

has higher water content than Point A, which can explain the suction differences in part 

4.5 according to the water retention curve and the changing behavior of water content 

verifies the accuracy of the changing behavior of the soil suction in the previous part. 
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Figure 4.22  Soil moisture at the depth of 20 cm at Point A, Point B and Point C 
 

In conclusion, grass activity influences the variation of soil at 20 cm depth more than at 
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lower than Point B afterwards. It showed that the grass leaves can help to keep water 

on the soil surfaces that prevent water to evaporate easily. Overall, different grasses 

affect the soil properties differently; Grass C (Taibei grass) is more effective to keep 

water than grass A (Axonopus compressus) which can be founded in the analysis.  
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of roots was changed. Therefore, the effect of grass activity on soil permeability can be 

discussed in this part. 

 

Table 4.7 shows the soil permeability of the observation points from the testing data. 

For bare soil at Point B, it is used to be a reference with no effect by grass roots. The 

permeability of Point A is the largest and Point C is the smallest. It indicates that the 

effect of the grass A (Axonopus compressus) root reforms bigger aggregates which the 

void space in soil increased and allowing water flow more faster; while grass root C 

(Taibei grass) has a weak ability to reform soil aggregates.  

Table 4.7 Overview of soil permeability of the observation points 

 Permeability (m2) 

Point A 1.1549E-07 

Point B 2.83693E-07 

Point C 5.46716E-08 

 

According to part 4.3, there were variations of soil permeability of the testing points in 

the testing period. Figure 4.23 shows the variation of soil permeability of each 

observation point as time passed. In January, the permeability of the testing points was 

similar and the rate of change was small, which indicates there was no growth activity 

of the grasses. From February to March, the permeability of Point A and Point C 

increased but Point B kept decreasing. For Point B, the reason of the decrease was that, 

the soil aggregate became more dense after precipitation (the rain drops to the soil which 

the aggregates reforms). According to section 4.4, the grass density of Point A and Point 

C increased with higher rate. It can explain the increase of soil permeability that the 

grass root was reforming the aggregates in the soil. Moreover, Point A has an obvious 
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variation than Point C, which indicates that the grass type at Point A (Axonopus 

compressus) affects the soil structure more than the grass type at Point C (Taibei grass). 

 

Figure 4.23 The variation of soil permeability of the testing points 
 

In conclusion, different type of grasses affect differently on soil permeability. As 

introduced in Chapter 2, grass roots reform the aggregates in the soil. The growth of 

grasses at Point A and Point C increased the soil permeability. With a faster rate of 

growth of Point A, the variation of permeability of Point A was larger than Point C. 

However, Point C has a smallest variation overall in the testing period, which indicates 

that the ability of grass root of Point C (Taibei grass) to reform aggregates is weak. 

Therefore, the grass at Point A (Axonopus compressus) has a stronger ability to reform 

aggregate in soil, which can make the soil structure more stable. 
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4.8 Summary 

In Chapter 4, the test results and the analysis for the grass to the variation of soil 

properties were shown and discussed. It could be found that the variation of the 

vegetated soil was higher than bare soil overall and it can be explained by the grass 

activities (e.g. water uptake by roots, evaporation, transpiration). The effect of the grass 

to the soil properties was mainly shown at the depth of 20 cm of the soil (shallow layer). 

To compare with the vegetated soil and bare soil, vegetated soil affects in soil moisture 

at both depths (20 cm and 40 cm) but the soil suction was only affected in 20 cm depth. 

Moreover, grass A (Axonopus compressus) has a stronger performance of changing the 

structural arrangement of the soil but weak at keep water in soil; grass C has a stronger 

performance to keep water but weak at changing the structural arrangement of the soil. 
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CHAPTER 5 CONCLUSIONS AND REFLECTION 

5.1 Summary and Conclusions 

To investigate the effect of the grass to the variation of soil mechanical and hydrological 

properties, a 3 months field monitoring test which included the season change (from 

winter to spring) was done. The analysis and discussion of the results have been done 

and the result were summarized below. 

 

First, the sensors installation was participated, the image taking was performed and the 

infiltration test was done in the field monitoring test. There were 3 monitoring points 

with 2 different types of grasses and bare soil, the variations of soil suction, soil 

moisture and permeability were intended to be monitored and analyzed. Moreover, 

image taking and the technique of image analysis was the important process that helps 

to monitor the grass growth and to explain the variations of soil properties. The grass 

activity in the monitoring period was recorded and analyzed. It was easy to found that 

the grass activity changed in different seasons which the grass grew faster in spring than 

in winter through the variation of area obtained in ImageJ. 

 

Secondly, the results of the field monitoring tests showed that the grass activity was 

affective to soil suction and soil moisture at the soil depth of 20 cm. The variation of 

soil suction was affected by grass root water uptake at the depth of 20 cm but less effect 

at 40 cm depth; the result of different type of grass chosen at the field was found a huge 

difference in soil suction, which means different grass can have different effects on soil 

properties. For the variation of soil moisture, both 20 cm and 40 cm depth were affected 

by vegetated soil and bare soil. Moreover, the effect of precipitation was also considered 
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in the analysis which can explain a rapid increase of soil suction and soil moisture. 

Overall, the shape of graph of variations of soil suction and soil moisture of different 

grass types was similar, so the result of field monitoring test was reliable. The test 

results of field infiltration test showed that the grass growth activity can increase the 

soil permeability, which the grass roots reform the aggregates and change the structure 

arrangement of the soil. Also, different grass has their functions in changing the 

structural arrangement of soil and water keeping. 

 

In this study, the effect of grass on soil mechanical and hydraulic properties was 

analyzed by a series of field monitoring tests. Experimental validation that the grass can 

cause the increase in soil suction or improve the water retention of soil, hence cause a 

certain effect on soil permeability. This study can provide a basic reference for 

engineers to give a better design and construction of green infrastructures/urban 

landscapes. 

 

5.2 Reflection 

In order to better understand the effects of different type of grasses on the soil properties 

and improve the test results, some improvements can be considered for the field 

monitoring test. 

 

First, since the testing period was only in 3 months, the data for the analysis was only 

enough for the analysis in season change in a short period (mainly in winter). Therefore, 

a longer period of the field monitoring test was suggested in order to understand more 

about the change of soil properties due to grass activities in different seasons. 
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Second, more data can be obtained in the field monitoring test. There were only 10 

sensors installed for three observation points. The distribution was not even to every 

point. As shown in Chapter 4, the data of Point C was obtained at the depth of 20 cm 

which was difficult to compare with the other two points and the reason of large 

difference in result may have many possibilities. In order to have a more complete 

analysis and improve the accuracy for the influence of different type of grass to the 

variation of soil properties, the sensors should be prepared and installed in the 

observation points evenly. 

  

Thirdly, a more frequent of image taking can be considered. In this test, the image taking 

of the grass growth was performed once a month, which was not precise enough to show 

the grow activity of grass. 
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