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1. ABSTRACT 

 

In this project, our objectives are to investigate 1) the effect of 

different concentration of Cd in soil in different field sites in 

Hong Kong on the infection rate of mycorrhizae in couch grass, 

2) soil trapping capability of the root of couch grass in 

cadmium-contaminated soil model. 3) the effect of arbuscular 

mycorrhiza fungi on growth of couch grass in cadmium-contaminated soil model. 4) 

the effect of arbuscular mycorrhiza fungi on concentration of cadmium and essential 

elements (N, P and K) in soil trapped by the root of couch grass. 

We successfully invented a one-step technology, FunGsorb capsule, which could be 

applied for on-situ phytoremediation. Once this invented capsule (with 1g couch grass 

and 5g arbuscular mycorrhizae fungi seeds) dissolved in soil, the seeds released and 

germinated. In this experimental setting, 35.24 % of cadmium were removed from the 

polluted soil in 45 days by the capsule which costs only around $2. 

 

2. Introduction 

 

2.1 Introduction to the research topic 

Areas storing abandoned electrical appliances or surface runoff from e-waste 

dumpling from Pearl River Delta contain contaminated soil with high concentration of 

heavy metals. Heavy metal contamination in soil raised concerns over their potential 

effects on human health and the environment. Chronic inhalation or oral exposure to 

heavy metal such as Cadmium (Cd) leads to kidney failure. In recent years, there has 

been an increasing ecological and global public health concern associated with 

environmental contamination by the heavy metal as they can enter the food chain via 

agricultural products or contaminated drinking water by the mechanism of 

bioaccumulation. (Bradl, 2002)
 
  

Couch grass is abundant and native to Hong Kong. If it can be infected by 

mycorrhizae and used in phytoremediation, it would be used to solve the ecological 

and health problem mentioned above. 
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2.2 Objectives 

1. To investigate the effect of different concentration of Cd in soil in different field 

sites in Hong Kong on the infection rate of mycorrhizae in couch grass 

2. To investigate the effect of arbuscular mycorrhiza fungi on soil trapping 

capability of the root of couch grass in cadmium-contaminated soil model. 

3. To study the effect of arbuscular mycorrhiza fungi on growth of couch grass in 

cadmium-contaminated soil model. 

4. To study the effect of arbuscular mycorrhiza fungi on concentration of cadmium 

and essential elements (N, P and K) in soil trapped by the root of couch grass. 

 

2.3 Research questions 

1. How does different concentration of Cd in soil affect the infection rate of 

mycorrhizae in couch grass in different field sites in HK? 

2. How does mycorrhizae affect the soil trapping capability of the root of couch 

grass in Cd contaminated soil? 

3. How does mycorrhizae affect the growth of couch grass in Cd contaminated soil 

in terms of mass? 

 Does mycorrhizae help trapping essential minerals (N, P, K) in soil 

which in turn affects the growth of the grass? 

 Does mycorrhizae help synthesize chlorophyll which in turn affects the 

growth of the grass? 

4. How does mycorrhizae affect the concentration of Cd, essential elements (N, P, 

K) in soil trapped by the root of couch grass? 

 What is the efficiency of removing Cd in soil? 

 What is the percentage of essential elements (N, P, K) trapped by the 

root of different groups? 
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2.4 Backgroud information of Cynodon dactylon 

2.4.1 Classification (Bradl H, 2002)
 

 

Kingdom
 

Plantae
 

Phylum
 

Spermatophyta
 

Class
 

Monocotyledonae
 

Order
 

Cyperales
 

Family
 

Poaceae
 

Genus
 

Cynodon
 

Species
 

Cynodon dactylon
 

Figure 1.1 Photo of couch grass 

2.4.2 Description 

Couch grass is widely naturalized in tropical and subtropical regions of the world. It is 

a native herbaceous plant in Hong Kong. It is a fast growing grass that spreads by 

seeds and stolons and rapidly colonizes new areas and grows forming dense mats. It is 

very drought tolerant by virtue of rhizome survival through drought-induced 

dormancy over periods of up to 7 months. It has the ability to easily re-sprout from 

stolons and rooted runners. (Hrishikesh et al, 2010) Plants also recover quickly after 

fire and can tolerate at least several weeks of deep flooding. (Cook et al., 2005) 

 

2.5 Backgroud information of Glomus mosseae 

2.5.1 Classification (Bradl H, 2002)
 

 Figure 1.2 Photo of arbuscular  

mycorrhiza fungi (500X) 

2.5.2 Description 

An arbuscular mycorrhiza fungus is a fungus which can have symbiotic relationship 

with specific plants. They are reported to be present on the roots of plants growing on 

metal-contaminated soils. During symbiotic interaction the hyphal network 

functionally extends the root system of their hosts and bind heavy metals to 

polyphosphates within the hyphae. (Leung HM et al, 2006) 

Kingdom Fungi 

Phylum Glomeromycota 

Class Glomeromycetes 

Order Glomerales 

Family Glomeraceae 

Genus Glomus 

Species Glomus mosseae 
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2.6  Principal of the experiment 

To investigate the effect of different concentration of Cd in soil in different field sites 

in Hong Kong on the infection rate of mycorrhizae in couch grass. We collected 

samples from three places: Jordon Valley, Kowloon Park and Yung Yuen Road, Yuen 

Long. It was suspected that Yung Yuen Road should have soil contaminated with Cd 

as there is a recycling market nearby. In Jordon Valley and Kowloon Park, there is no 

observable source of heavy metal pollution. We collected soil samples from the three 

field sites and observed the infection rate of mycorrhiza in couch grass under 

microscope upon staining of the roots. 

In another experiment, we measured the mass of soil trapped by root of couch grass 

with or without arbuscular mycorrhiza fungi in Cadmium polluted soil and unpolluted 

soil after 45 days of incubation in greenhouse. If the soil detached from the root of 

couch grass living with arbuscular mycorrhiza fungi is greater in mass, it means the 

association can help trap more soil in root. The net mass of plant, without trapped soil, 

would also be measured after soil is separated by DI water. The greater the mass of 

the plant, the better the growth of the plant is.  

 

To confirm that arbuscular mycorrhiza fungi can really inhabit on the root of couch 

grass, the root of the couch grass was stained and observed under a microscope to 

estimate the infection rate by the fungi. The higher the infection rate, the better the 

condition for arbuscular mycorrhiza fungi and couch grass to have symbiotic 

relationship. As our group suspected that the growth of a plant can be reflected in the 

concentration of chlorophyll as well, the total concentration of chlorophyll 

(chlorophyll a + b) in leaves in each pot were measured by using UV spectrometer. 

 

To assess if couch grass can concentrate Cadmium around the root when growing 

with arbuscular mycorrhizae fungi, it is necessary to measure the concentration of 

Cadmium in the soil separated from the root of the plant from each group. Inductively 

Coupled Plasma Spectrometry (ICP) would be used in measuring the concentration of 

Cadmium and percentage of essential minerals like N, P and K in the soil. The 

technique makes use of the wavelengths of light specifically absorbed by an element. 

They correspond to the energies needed to promote electrons from one energy level to 

another, higher, energy level (R. Levinson, 2018) The higher the concentration of 

Cadmium trapped in the soil, the higher the efficiency of removing Cadmium in soil 

after harvesting the couch grass. 
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3. Methodology 

3.1 Field Study 

 Date Time Venue Event 

1
st
 field study 2018-4-7 10:00 – 12:00 Jordan Valley 

Park 

Collection of 4 

sets of couch 

grass and soil 

sample 

randomly.  

2
nd

 field study 2018-4-14 Kowloon Park 

3
rd

 field study 2018-4-21 Yung Yuen 

Road, Yuen 

Long 

We chose Yung Yuen Road, Yuen Long as we 

suspected that it would have higher heavy metal 

concentration in soil when compared with the 

other two field sites. Yung Yuen Road has metal 

recycling market nearby and it has a lot of 

e-waste abandoned. E-waste is one main source 

of heavy metal pollution. Kowloon Park and 

Jordan Valley Park should have lower chance 

of having heavy metal pollution as there are no 

industries and metal recycling market nearby.  

   

Figure 1.4 Location of Yung Yuen Road,   Figure 1.5 Location of Kowloon Park 

Yuen Long 

 

 

 

 

 

 

Figure 1.6 Location of Jordan Valley Park 

 

N 
N 

N 

Figure 1.3 metal recycling market 

I Yung Yuen Road, Yuen Long 
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3.2 Objective 1: To investigate the effect of different concentration of Cd in soil  

in different field sites in Hong Kong on the infection rate of mycorrhizae in  

couch grass 

 

3.2.1 Procedure: 

Staining and microscopic study of arbuscular mycorrhiza fungi 

1. 50 roots from each samples collected in each field sites were washed with DI 

water to remove all soil particles adhered on the roots of couch grass.  

2. Fine lateral roots were cut into 2 cm pieces, heated for 20 mins at 100
o
C in 10% 

potassium hydroxide to remove cytoplasm. (Figure 2.1) 

3. The roots were stained by lactophenol blue.  

4. The stained root were then mounted on glass slides (10 pieces of root per slide) 

for examination under a compound microscope (100x to 400x) mounted with an 

eyepiece cross-hair which could be moved to randomly selected positions.  

5. Colonization percentage of mycorrhizae was estimated for each sample by 

examining 2-cm long pieces of roots (Requena et al. 1996). The root is 

approximately divided into 4 even parts during observation, if mycorrhiza is 

observed in one part, then the infection rate is 25%,. If mycorrhiza is observed in 

two parts, then the infection rate is 50%..etc 

              

 

 

Analysis of the concentration of Cd in soil collected in different field sites 

1. Soil separated from the root of couch grass in each pot was digested by 

concentrated hydrochloric acid and 50% HF: con. HNO3, 1:2 (v/v) (USEPA 

method 3052A) and 1M DTPA [1.976g DTPA: 14.29g triethanolamine; 1.47 g 

CaCl2 2H2O and dissolved in 980 ml deionized H2O and made up to 1L, pH 7.30] 

(Lindsay and Norvell, 1978) respectively.  

2. The Cd concentrations in the soil were determined by Inductively Coupled 

Plasma Spectrometry (ICP) (Jones and Case, 1990) 

Figure 2.1 Boiling of roots in 

potassium hydroxide. 

 

Figure 2.2 Colonization of 

mycorrhizae on root. 
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3.3 Objective 2: To investigate the effect of arbuscular mycorrhiza fungi on soil  

trapping capability of the root of couch grass in cadmium-contaminated soil 

model;  

 

3.3.1 Procedure: 

Soil preparation for incubation 

1. “Clean” soil was prepared by passing through a 2mm sieve, sterilized by 

autoclaving at 120
o
C for 2 hours followed by air-dying. 

2. The soils were allowed to equilibrate for a period of 10 days in the greenhouse. 

3. All treated soils were added with mineral nutrients: 300 mg nitrate (2 ml of 0.1M 

calcium nitrate), 50mg phosphorus (0.3 ml of 0.1 M calcium hydrogen phosphate) 

and 200 mg potassium (1.3 ml of 0.1 M potassium sulfate) as a basal application 

(Hewitt, 1966). 

 

Setting up of experimental and control pots 

1. Four groups of pots were set up as below: 

Figure 2.3 Set up of pots in 

greenhouse 

2. Pots were incubated in greenhouse with controlled condition (as shown below) 

for 45 days. The positions of the pots were randomly swapped every day during 

incubation. 

 Temperature     18-25oC     

 Relative Humidity:    60-80% 

 Light Intensity:     8000 lux 

 All the pots were added with DI water every 2 days to maintain 70% water 

holding capacity.    
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Harvesting of plants for measurement 

1. On day 45, all couch grass with trapped soil was 

harvested from each pot. 

2. The grass with trapped soil was blotted dry with 

tissue paper and weighed. 

3. The grass with trapped soil was put in DI water. 

(Figure 2.4) 

4. The soil and plants were separated by forceps 

softly to prevent plant tissue being torn away. 

5. The grass were blotted dry with tissue paper and weighed again. 

6. Mass of the trapped soil was calculated by the formula below: 

 

Mass of plant with soil trapped – Mass of plant without soil trapped 

 

3.4 Objective 3: To study the effect of arbuscular mycorrhiza fungi on growth of 

couch grass in cadmium-contaminated soil model. 

 

3.4.1 Procedure: 

Measuring concentration of chlorophyll to find out how mycorrhiza and Cd 

affect the amount of chlorophyll in couch grass (Arnon, et al, 1949).  

1. Chlorophyll in 5g of leave in each set up was extracted with 5ml extracting 

solution (80% aqueous acetone and 2.5mM sodium phosphate buffer, pH7.8, in 

1:1) by grinding it with pestle and mortar 

2. The mixture was spun down at 35,000 x g for 10 min (Figure 2.3) 

3. The liquid layer was then analyzed by an Ultraviolet-visible spectroscopy by 

measuring the absorbance at 645nm and 663nm. The concentration of 

chlorophyll a and b pigments were calculated quantitatively according to the 

following equation: (Arnon, et al, 1949) 

Chlorophyll a (mg/mL) = 12.7 A663 – 2.69 A645 

Chlorophyll b (mg/mL) = 22.9 A645 – 4.68 A663 

Where: 

A645 = absorbance at a wavelength of 645 nm; 

A663 = absorbance at a wavelength of 663 nm; 

4. Calculation of the total concentration of chlorophyll in 

leave: 

 

Total chlorophyll (mg/mL) = Chlorophyll a + Chlorophyll b 

 Figure 2.5 Extraction of 
chlorophyll.  

 

Figure 2.4 Rinsing grass 

with DI water. 

 

 

 



11 
 

Staining and microscopic study of arbuscular mycorrhiza fungi to ensure 

symbiotic association really takes places in experimental groups 

1. 50 roots from each group were washed with DI water to remove all soil particles 

adhered on the roots.  

2. Fine lateral roots were cut into 2 cm pieces, heated for 20 mins at 100
o
C in 10% 

potassium hydroxide to remove cytoplasm. (Figure 2.4) 

3. The roots were stained by lactophenol blue.  

4. The stained root were then mounted on glass slides (10 pieces of root per slide) 

for examination under a compound microscope (100x to 400x) mounted with an 

eyepiece cross-hair which could be moved to randomly selected positions. 

(Figure 2.4)  

5. Colonization percentage of mycorrhizae was estimated for each sample by 

examining 2-cm long pieces of roots (Requena et al. 1996). 

 

3.5 Objective 4: To study the effect of arbuscular mycorrhiza fungi on  

concentration of cadmium essential elements (N, P and K) in soil trapped by the 

root of couch grass. 

 

3.5.1 Procedure 

Analysis of the concentration of Cd and other essential minerals in soil trapped 

by root of the grass 

Repeat procedure 3.2.1 by Inductively Coupled Plasma Spectrometry (ICP) to 

determine the concentration of Cd, N, P and K in soil trapped by the root of couch 

grass (Jones and Case, 1990).  
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4. Results 

4.1 Results on Objective 1: To investigate the effect of different concentration of  

Cd in soil in different field sites in Hong Kong on the infection rate of  

mycorrhizae in couch grass 
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4.2 Results on Objective 2: To investigate the effect of arbuscular mycorrhiza 

fungi on soil trapping capability of the root of couch grass in 

cadmium-contaminated soil model 

 

Figure 3.3 Growth of Couch Grass in 

different groups after 45 days 

From left to right row: Group 1: 

cadmium + couch grass seed + 

arbuscular mycorrhiza fungi seed x 4. 

Group 2: couch grass seed + arbuscular 

mycorrhiza fungi seed x 4. Group 3: 

cadmium + couch grass seed x 4. Group 

4: couch grass seed 

This figure obviously shows that the 

group with cadmium and arbuscular 

mycorrhiza fungi grows best. 

 

Figure 3.4 Average mass of soil trapped and 

biomass of the plant in different groups The 

figure shows that with the presence of 

cadmium, the amount of soil trapped and the 

biomass of the plant with the arbuscular 

mycorrhiza fungi would be higher than those 

without the fungi. With the absence of 

cadmium, the amount of soil trapped and the 

biomass of the plant with the arbuscular 

mycorrhiza fungi would also be higher than 

the one without the fungi. 
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4.3 Results on Objective 3: To study the effect of arbuscular mycorrhiza fungi on 

growth of couch grass in cadmium-contaminated soil model. 
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4.4 Results on Objective 4 
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5. Discussion 

 

5.1 Objective 1: The effect of different concentration of Cd in soil in different 

field sites in Hong Kong on the infection rate of mycorrhizae in couch grass 

The Cd concentration in soil and infection rate of mycorrhiza in root in couch grass  

Yung Yuen Road are obviously higher than that of Kowloon Park and Jordon Valley 

Park. Therefore it shows that the infection rate may increase with the Cd 

concentration in soil. To confirm that the infection rate is not due to other factor, 

further find out the effect of mycorrhiza on growth of couch grass and ability of 

trapping Cd in root, another experiment is needed. 

 

5.2 Objective 2: The effect of arbuscular mycorrhiza fungi on soil trapping 

capability of the root of couch grass in cadmium-contaminated soil. 

In the presence of Cadmium, the average amount of soil trapped by root of couch 

grass living with arbuscular mycorrhiza fungi (54.3g) is higher than that of the one 

without the fungi (6.8g). While, in the absence of Cadmium, the average amount of 

soil trapped by root of couch grass living with arbuscular mycorrhiza fungi (30.0g) is 

greater than that of the one without the fungi (6.9g). It reflects that the fungi can help 

the couch grass to trap more soil around the root, the extent is even greater when 

Cadmium is present. This result supports our hypothesis that during symbiotic 

interaction the hyphal network functionally extends the root system of their hosts
 

(Hrishikesh, et al, 2010). The higher surface area of the root may allow the host plants 

to trap more soil. The result also shows that the amount of soil trapped would be 

much higher if the heavy metal Cadmium and the fungi are present at the same time. 

This finding reflected that Cadmium and fungi have a combined effect that helps 

couch grass to grab the greatest amount of soil in root. This result is encouraging as it 

means more soil polluted with Cadmium can be removed when we harvest the couch 

grass. 

 

5.3 Objective 3: The effect of arbuscular mycorrhiza fungi on growth of couch 

grass in cadmium-contaminated soil. 

In the presence of Cadmium, the average mass of the plant living with arbuscular 

mycorrhiza fungi (24.85g) is higher than that of the one without fungi (2.569g). 

However, in the absence of Cadmium, the average mass the plant living with 

arbuscular mycorrhiza fungi (5.85g) is higher than that of the one without fungi 

(1.065g). This result reflects that the fungi can help the couch grass grow faster and 

better, the extent is even greater when Cadmium is present.  
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From the data, it was observed that arbuscular mycorrhiza fungi can help couch grass 

grow faster and better. Again, it may be due to the fact that the root system of the 

grass is extended by the fungi. The high surface area of the root helps the grass absorb 

more minerals and nutrients from the soil and thus grows better. It may also be due to 

the fact that the fungi is small enough to help the root penetrate through space 

between soil particles and thus better absorption of water and minerals from soil. 

Again an unexpected finding was observed that grass grows especially well when 

Cadmium and the fungi are present at the same time. This finding is encouraging as it 

means when we use couch grass to clean up heavy metal in soil with arbuscular 

mycorrhizae fungi, the grass can grow faster. The rate of phytoremediation can be 

higher with faster growth of the grass. It was suspected that Cadmium can help 

synthesis of chlorophyll of couch grass when arbuscular mycorrhiza fungi is present, 

and so causes fastest growth of the plant (Leung HM et al, 2006). The experimental 

results support the saying as it showed that the total concentration of chlorophyll is 

the highest when both arbuscular mycorrhiza fungi and Cadmium are present. The 

high concentration of chlorophyll may be the reason of fast growth of couch grass as 

it may lead to higher rate of photosynthesis. The high infection rate in two groups 

added with mycorrhiza seed indicates that the infection is successful. 

 

5.4 The effect of arbuscular mycorrhiza fungi on concentration of cadmium and 

essential elements (N, P and K) in soil trapped by the root of couch grass. 

When compared with the concentration of cadmium before and after the experiment, 

it showed that the couch grass alone can help remove cadmium in soil after harvest, 

but the efficiency can be greatly increased when arbuscular mycorrhiza fungi is 

present.  

When the concentration of cadmium is low (group II and IV with no addition of 

cadmium solution), the efficiency of removing cadmium can be increased from 

59.79% to 93.59% in 45 days. When the concentration of cadmium is high (group I 

and III with addition of cadmium solution), the efficiency of removing cadmium can 

be increased from 29.93% to 35.24% in 45 days. 

From this data, it reflected that couch grass and arbuscular mycorrhiza fungi was quite 

efficient in removing cadmium in polluted soil at a low cost. With lower 

concentration of Cadmium in soil, the efficiency of removing cadmium from polluted 

area by growing them together is higher. When applying this technology in removing 

cadmium in highly polluted soil in the real case, more time is needed to ensure 

cadmium is removed at a certain level.  

It was also found that the percentage of essential elements N and P in soil trapped by 

couch grass root are higher when the fungi are present. The percentage is the highest 
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when cadmium is present as well (N: 42.1%; P:62.9%). It may explain why the grass 

growth rate with arbuscular mycorrhiza is higher when compared with those without 

fungi and the one with cadmium can growth fastest. Phosphorus is a component in 

nucleic acid which is essential when doing cell division during growth. Nitrogen is an 

essential element for building chlorophyll, the high percentage of nitrogen found in 

soil trapped by couch root, when cadmium and arbuscular mycorrhiza fungi is present, 

may explain the highest concentration of chlorophyll found in the experiment. 

 

5.5 Further Investigation 

1. What is the combination of having the highest rate of removal of cadmium in soil 

(amount of arbuscular mycorrhiza fungi seeds, mass of couch grass seed, mass of 

soil used and concentration of cadmium in soil)? 

- We have proved that the concentration of cadmium can be removed by 35.24% 

when 2mg/kg of cadmium was added in this setting. However, it would be worth 

finding out the combination in which the rate of removal of cadmium would be 

highest in different concentration of cadmium in soil.  

2. How is the performance of removing other heavy metal from arbuscular 

mycorrhiza fungi and couch grass? 

 - There are different types of heavy metals and cadmium is just one of them. It 

would be better if we can test other heavy metals as well in order to assess the 

efficiency of removing other heavy metals by couch grass and arbuscular 

mycorrhiza fungi. 

3. What is the condition for the arbuscular mycorrhiza fungi and couch grass to 

remove the highest percentage of cadmium in soil? 

 - In this experiment, we set particular temperature, humidity, water amount and 

light intensity. It would be best to know whether there are other conditions which 

can cause them to grow faster and remove cadmium more efficiently  
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6. Conclusion 

From this experiment, we showed that infection rate would increase with 

concentration of Cd in soil and our newly invented technology, FunGsorb capsule, 

could be a potentially used for phytoremediation of heavy metal contaminated soil. By 

means of symbiotic association, arbuscular mycorrhiza fungi and couch grass can 

survive in this soil model. It is believed that arbuscular mycorrhizae fungi is playing 

an important role in the increment of couch grass growth and soil trapping capability 

of its root; in which, availability of nutrients from soil can be increased and provide 

for the grass growth. Besides, the increment of soil trapping capability of root can 

contribute for metal absorption and retention; that mean heavy metals, such as 

cadmium used in this soil model, can be more effectively removed from the soil while 

we harvesting the grass. In conclusion, the one-step technology would be a potential 

solution for decontamination of heavy metal contaminated soil.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

7. Bibliography 

 

1. Arnon, Daniel I. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiology. 

Volume 24, pp. 1-15. 

2. Bradl H, editor. Heavy Metals in the Environment: Origin, Interaction and Remediation Volume 6. London: Academic Press; 

2002.  

3. CABI, current year. Invasive Species Compendium. Wallingford, UK: CAB International. www.cabi.org/isc. 

4. Christensen, I. V., Padasen, A. J., Ottosen, L. M. and Riberiro, A. B. 2006. Electrodialytic remediation of CCA-treated waste 

wood in a 2 m3 pilot plant. Sci. Total Environ. 364: 45-54. 

5. Cook B, Pengelly B, Brown S, Donnelly J, Eagle D, Franco A, Hanson J, Mullen B, Partridge I, Peters M, Schultze-Kraft 

R,2005. Tropical Forages: an interactive selection tool. Brisbane, Australia: CSIRO, DPI&F (Qld), CIAT and 

ILRI. http://www.tropicalforages.info/ 

6. Conner, J.R. 1990. Chemical Fixation and Solidification of Hazardous Wastes. Van Nostrand, Reinhold, New York. 

7. Garcia-Rubio, A., Rodriguez-Maroto, J. M., Gomez-Lahoz, C., Garcia-Herruzo, F. and Vereda-Alonso., C. 2011. Eletrokinetic 

remediation: The use of mercury speciation for feasibility studies applied to a contaminated soil from Almaden. Electochim. 

Acta, 56: 9303-9310 

8. Hrishikesh Upadhyaya et al. Role of Arbuscular Mycorrhiza in Heavy Metal Tolerance in Plants: Prospects for 

Phytoremidiation. J Phytol 2/7 (2010) 16-27 

9. Jones JR, JB., Case, V.V., 1990. Sampling, handling, and analyzing plant tissue samples. In: Westerman, R.L. (Ed.), Soil 

Testing and Plant Analysis, second ed. SSSA Book Series, No. 3. Soil Science Society of America, Madison, EI, pp. 389-427. 

10. Leung HM, Ye ZH, Wong MH. 2006. Interactions of mycorrhizal fungi with Pteris vittata (As hyperaccumulator) in As 

contaminated soils. Environmental Pollution 139, 1-8. 

11. Lindasy, W.L., Norvell, W.A., 1978. Devlopment of DTPA test for zinc, iron, manganese, and copper. Soil Science Society 

of America Journal 42, 421-428. 

12. Moreira, E., Ribeiro, A. B., Mateus, E. P., Mexia, J.T. and Ottosen, L. M. 2005. Regressional modeling of 

electrodialytiremoval of Cu, Cr and As from CCA treated timber waste: application to sawdust. Wood Sci. Technol, 39: 

291-309. 

13. Mulligan, C.N., Yong, R.N. and Gibbs, B.F. 2001. Remediation technologies for metal-contaminated soils and groundwater: 

an evaluation. Eng. Geol. 60: 193-207. 

14. Pociecha, M., Kastelec, D. and Lestan, D. 2011. Electrochemical EDTA recycling after soil washing of Pb, Zn and Cd 

contaminated soil. J. Hazard. Mater. 192: 714-721. 

15. Reichenauer TG, Germida JJ (2008). "Phytoremediation of organic contaminants in soil and 

groundwater". Chemsuschem. 1(8-9): 708 

16. R. Levinson. Atomic absorption spectrometry. Retrieved February 22, 2018, from 

http://www.liskeard.cornwall.sch.uk/images/Liskeard-Sixth-Form/Atomic-Absorption-Spectrometry.pdf  

17. Requena, N., Jeffries, P., Barea, J.M., 1996. Assessment of natural mycorrhizal potential in a desertified seminiarid ecosystem. 

Applied and Environmental Microbiology 62, 842-847. 

 

http://www.cabi.org/isc
http://www.tropicalforages.info/
http://www.liskeard.cornwall.sch.uk/images/Liskeard-Sixth-Form/Atomic-Absorption-


21 
 

8 Appendix I: Infection rate of couch grass by arbuscular mycorrhizae fungi 

 

Sample from Jordan Valley Park 

Slide:1 Slide:2 Slide:3 Slide:4 Slide:5 Slide:6 Slide:7 Slide:8 Slide:9 Slide:10 

0% 0% 25% 25% 50% 0% 0% 25% 25% 50% 

Slide:11 Slide:12 Slide:13 Slide:14 Slide:15 Slide:16 Slide:17 Slide:18 Slide:19 Slide:20 

0% 0% 50% 25% 25% 25% 0% 25% 0% 0% 

Slide:21 Slide:22 Slide:23 Slide:24 Slide:25 Slide:26 Slide:27 Slide:28 Slide:29 Slide:30 

0% 25% 0% 25% 25% 0% 0% 0% 0% 25% 

Slide:31 Slide:32 Slide:33 Slide:34 Slide:35 Slide:36 Slide:37 Slide:38 Slide:39 Slide:40 

0% 0% 0% 25% 0% 25% 25% 25% 0% 0% 

Slide:41 Slide:42 Slide:43 Slide:44 Slide:45 Slide:46 Slide:47 Slide:48 Slide:49 Slide:50 

25% 0% 0% 0% 25% 25% 25% 0% 0% 25% 

 

Sample from Kowloon Park 

Slide:1 Slide:2 Slide:3 Slide:4 Slide:5 Slide:6 Slide:7 Slide:8 Slide:9 Slide:10 

25% 25% 25% 0% 0% 0% 0% 0% 0% 25% 

Slide:11 Slide:12 Slide:13 Slide:14 Slide:15 Slide:16 Slide:17 Slide:18 Slide:19 Slide:20 

0% 0% 0% 25% 25% 25% 25% 0% 25% 25% 

Slide:21 Slide:22 Slide:23 Slide:24 Slide:25 Slide:26 Slide:27 Slide:28 Slide:29 Slide:30 

25% 0% 25% 0% 0% 0% 25% 0% 0% 0% 

Slide:31 Slide:32 Slide:33 Slide:34 Slide:35 Slide:36 Slide:37 Slide:38 Slide:39 Slide:40 

25% 0% 25% 0% 0% 0% 0% 25% 0% 25% 

Slide:41 Slide:42 Slide:43 Slide:44 Slide:45 Slide:46 Slide:47 Slide:48 Slide:49 Slide:50 

25% 25% 0% 25% 25% 0% 25% 25% 0% 0% 

 

Sample from Yung Yuen Road, Yuen Long 

Slide:1 Slide:2 Slide:3 Slide:4 Slide:5 Slide:6 Slide:7 Slide:8 Slide:9 Slide:10 

50% 50% 100% 50% 25% 0% 50% 0% 50% 100% 

Slide:11 Slide:12 Slide:13 Slide:14 Slide:15 Slide:16 Slide:17 Slide:18 Slide:19 Slide:20 

25% 0% 25% 25% 50% 50% 50% 25% 100% 100% 

Slide:21 Slide:22 Slide:23 Slide:24 Slide:25 Slide:26 Slide:27 Slide:28 Slide:29 Slide:30 

50% 100% 50% 50% 50% 100% 25% 25% 25% 25% 

Slide:31 Slide:32 Slide:33 Slide:34 Slide:35 Slide:36 Slide:37 Slide:38 Slide:39 Slide:40 

25% 50% 25% 25% 50% 50% 25% 50% 50% 25% 

Slide:41 Slide:42 Slide:43 Slide:44 Slide:45 Slide:46 Slide:47 Slide:48 Slide:49 Slide:50 

25% 25% 50% 100% 100% 100% 25% 25% 50% 50% 
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It was found that only groups added with mycorrhiza seeds have arbuscular 

mycorrhiza fungi infection: 

Group I: Arbuscular mycorrhiza fungi seed + Cadmium + couch grass seed 

Slide:1 Slide:2 Slide:3 Slide:4 Slide:5 Slide:6 Slide:7 Slide:8 Slide:9 Slide:10 

100% 100% 100% 100% 75% 75% 75% 100% 75% 100% 

Slide:11 Slide:12 Slide:13 Slide:14 Slide:15 Slide:16 Slide:17 Slide:18 Slide:19 Slide:20 

75% 75% 75% 75% 75% 25% 100% 25% 50% 25% 

Slide:21 Slide:22 Slide:23 Slide:24 Slide:25 Slide:26 Slide:27 Slide:28 Slide:29 Slide:30 

0% 75% 50% 75% 75% 100% 75% 100% 100% 75% 

Slide:31 Slide:32 Slide:33 Slide:34 Slide:35 Slide:36 Slide:37 Slide:38 Slide:39 Slide:40 

100% 100% 100% 75% 100% 100% 100% 75% 100% 100% 

Slide:41 Slide:42 Slide:43 Slide:44 Slide:45 Slide:46 Slide:47 Slide:48 Slide:49 Slide:50 

100% 100% 100% 100% 75% 75% 75% 100% 50% 75% 

 

Group II: Arbuscular mycorrhiza fungi seed + couch grass seed 

Slide:1 Slide:2 Slide:3 Slide:4 Slide:5 Slide:6 Slide:7 Slide:8 Slide:9 Slide:10 

25% 0% 0% 25% 50% 25% 75% 100% 100% 50% 

Slide:11 Slide:12 Slide:13 Slide:14 Slide:15 Slide:16 Slide:17 Slide:18 Slide:19 Slide:20 

0% 0% 100% 25% 50% 25% 75% 100% 75% 50% 

Slide:21 Slide:22 Slide:23 Slide:24 Slide:25 Slide:26 Slide:27 Slide:28 Slide:29 Slide:30 

100% 25% 50% 50% 0% 100% 0% 100% 100% 50% 

Slide:31 Slide:32 Slide:33 Slide:34 Slide:35 Slide:36 Slide:37 Slide:38 Slide:39 Slide:40 

100% 0% 25% 75% 25% 50% 25% 0% 50% 75% 

Slide:41 Slide:42 Slide:43 Slide:44 Slide:45 Slide:46 Slide:47 Slide:48 Slide:49 Slide:50 

25% 25% 50% 100% 75% 75% 75% 100% 100% 100% 

 

Appendix II : The concentration of Cadmium in the soil collected by different 

field sites 
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Appendix III: The mass of plant (with soil trapped), mass of plant (without soil trapped) and mass of soil trapped by plant in the four  

 
Appendix II: Chlorophyll test on the 4 groups 
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Appendix IV: The concentration of Cadmium and other essential elements (N, P, K) in the soil trapped by couch grass before and after 

experiment 

 

Appendix V: The concentration of Cadmium and other essential elements (N, P, K) in the soil not trapped by couch grass before and 

after experiment 

 

Group Replicate

Soil

trapped by

root

Before

experimen

t

After

experiment

Total N(%) Mean (s.d.) Total P(%) Mean (s.d.) Total K(%) Mean (s.d.)

Cadmium

(mg/kg) Mean (s.d.) Total N(%) Mean (s.d.)

Total

P(%) Mean (s.d.) Total K(%) Mean (s.d.) Cadmium (mg/kg) Mean (s.d.)

Cadmium  + couch grass seed +

Arbuscular mycorrhiza fungi seed 1 0 0 0 0 0 0 0 0 1.58 1.52 1.95 2.02 1.74 1.69 26.54 33.71

2 0 0 0 0 0 0 0 0 1.62 0.26 1.94 0.1 1.68 0.11 28.45 8.02

3 0 0 0 0 1.74 2.03 1.54 35.62

4 0 0 0 0 1.15 2.15 1.78 44.21

couch grass seed +

Arbuscular mycorrhiza fungi seed 1 0 0 0 0 0 0 0 0 1.14 1.21 1.89 1.87 1.85 1.9 1.86 2.21

2 0 0 0 0 0 0 0 0 1.15 0.09 1.96 0.09 1.91 0.04 1.48 0.66

3 0 0 0 0 1.26 1.74 1.87 2.54

4 0 0 0 0 1.32 1.87 1.95 2.94

Cadmium +  couch grass seed

1 0 0 0 0 0 0 0 0 1.06 1.1 1.05 1.09 1.52 1.72 15.84 15.49

2 0 0 0 0 0 0 0 0 1.12 0.09 0.96 0.12 1.74 0.14 18.52 3.04

3 0 0 0 0 1.002 1.11 1.86 11.28

4 0 0 0 0 1.21 1.24 1.77 16.33

couch grass seed 1 0 0 0 0 0 0 0 0 1.08 1.05 1.21 1.15 1.52 1.71 0.654 0.88

2 0 0 0 0 0 0 0 0 1.01 0.06 1.15 0.1 1.87 0.15 0.658 0.44

3 0 0 0 0 0.99 1.01 1.77 1.541

4 0 0 0 0 1.11 1.24 1.68 0.658

Group Replicate Bulk soil 

Soil not

trapped by

root

After

experiment

Total N(%) Mean (s.d.) Total P(%) Mean (s.d.) Total K(%) Mean (s.d.)Cadmium (mg/kg) Mean (s.d.) Total N(%) Mean (s.d.)Total P(%)Mean (s.d.) Total K(%) Mean (s.d.)Cadmium (mg/kg) Mean (s.d.)

cadmium + couch grass seed +

Arbuscular mycorrhiza fungi seed 1 1.05 1.07 1.23 1.24 1.85 1.78 10.245 11.86 1.01 1 0.564 0.56 1.56 1.4 8.521 7.68

2 1.14 0.07 1.35 0.09 1.82 0.08 9.811 2.76 1.03 0.06 0.521 0.04 1.52 0.17 8.444 0.97

3 1.09 1.14 1.75 11.541 1.04 0.614 1.21 6.521

4 0.98 1.25 1.68 15.852 0.91 0.552 1.32 7.221

couch grass seed + Arbuscular

mycorrhiza fungi seed 1 1.05 1.04 1.32 1.26 1.81 1.7525 0.221 0.78 0.94 0.9 0.642 0.57 1.52 1.41 0.0541 0.05

2 1.06 0.08 1.08 0.2 1.75 0.05 0.965 0.44 0.85 0.04 0.618 0.07 1.57 0.24 0.0414 0.01

3 0.93 1.52 1.68 0.664 0.88 0.523 1.51 0.0551

4 1.12 1.12 1.77 1.254 0.92 0.501 1.05 0.0299

cadmium + couch grass seed 1 0.98 1.01 1.04 1.2 1.54 1.62 11.742 12.03 0.96 0.91 0.921 0.91 1.04 1.09 10.32 9.63

2 1.05 0.03 1.12 0.14 1.65 0.07 15.111 2.13 0.95 0.07 0.834 0.06 1.12 0.04 10.19 0.99

3 1.02 1.32 1.58 10.858 0.91 0.947 1.13 9.84

4 0.99 1.31 1.69 10.415 0.81 0.954 1.08 8.17

couch grass seed 1 1.04 1.03 1.28 1.27 1.74 1.66 0.778 0.97 0.98 0.97 0.941 0.93 1.24 1.3 0.415 0.39

2 1.05 0.05 1.34 0.05 1.71 0.08 0.881 0.4 0.94 0.02 0.925 0.01 1.22 0.07 0.221 0.14

3 1.08 1.22 1.62 1.548 0.99 0.944 1.35 0.358

4 0.96 1.24 1.58 0.668 0.95 0.921 1.36 0.549


