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Abstract 
The study was conducted to assess the growth performance and inorganic mercury 

uptake of vetiver grass (Chrysopogon zizanoides Nash) inoculated with arbuscular 
mycorrhizal fungi (AMF). Important growth parameters such as number of leaves, plant 
height, fresh weight and dry weight as well as mercury uptake were determined for one 
month duration. The experimental plants were applied with varying concentrations (0 
ppm, 2 ppm, 4 ppm and 6 ppm) of mercuric chloride (HgCl2). Different HgCl2 treatments 
showed no significant difference in terms of number of leaves, plant height and dry 
weight in C. zizanoides, while those inoculated with AMF showed significant difference 
in fresh weight and percentage root colonization. In terms of mercury uptake, the mean 
uptake ranges from 0.001 ppm to 0.98 ppm which correspond to 0.13% to 1.86% uptake. 
Furthermore, mercury uptake in inoculated plants and Glomus sp. and MykovamTM-
inoculated plants showed no significant difference at lower mercury concentrations but 
uptake significantly reduced in uninoculated plants at highest mercury concentration (6 
ppm). It can be deduced that uptake rate of vetiver increased with AMF inoculation even 
at high mercury concentrations. 

Keywords - mercury uptake, mychorriza, phytoremediation potential, plant-fungal 
associations

Introduction 
Mining activities are known to release 

substantial amounts of toxic metals such as 
lead, arsenic and mercury (Keane, 2010) into 
the environment (Toxic Release Inventory, 
2007). The presence of these toxic metals in 
the environment causes environmental impacts 
including habitat loss for wild life and fisheries, 
changes in water quality, sedimentation, toxins in 
tailings ponds and effluent, and acid generation. 
(Bacsujlaky, 2004; Burke, 2006). 

However, chemical, physical or biological 
techniques can be employed to remediate 
contaminated soils (McEldowney et al., 1993). 
Living organisms such as plants can be used 
to alter environmental contaminants into non-
hazardous or less hazardous substances 
(Leung, 2004). Established plants usually 
absorb heavy metals through their roots and are 
able to translocate these to the above-ground 
shoots for accumulation. Once sufficient plant 

growth and metal accumulation are attained, the 
above-ground portions of the plant are harvested 
and removed which results in the permanent 
removal of metals from the site (Kumar et al., 
1995). In this context, phytoremediation or the 
use of plants to remove or reduce environmental 
contaminants such as heavy metals is recently 
being considered as a highly promising and 
cost-effective technology for the remediation of 
polluted sites (Cunningham & Berti, 1995). 

In addition, a comparatively new approach 
to restore degraded land and protect against 
desertification is to inoculate the soil with 
arbuscular mycorrhiza fungi (AMF) with the re-
establishment of vegetation (Bangoy, 2011). 
Arbuscular mycorrhiza fungi are obligate 
symbionts of most plants in their natural habitats 
(Habte & Osorio, 2010). Plants capable of 
forming association with arbuscular mycorrhiza 
fungi have been shown to accumulate significant 
amount of trace metals (Burke et al., 2000). 
Vetiver grass (Chrysopogon zizanoides) is one 
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of these successful plants to form associations 
with AMF and further accumulate metals (Burke 
et al., 2000; Karagiannidis & Nikolaou 2000). 

Thus, this study was conducted to explore 
the growth performance and  mercury uptake 
capacity of vetiver grass (C. zizanoides) 
associated with arbuscular mycorrhiza fungi 
(AMF). Specifically, this study aimed to elucidate 
the effect of AMF on the growth of vetiver grass 
in terms of number of leaves, height of plant, 
and biomass, compare the accumulation activity 
of vetiver grass and mycorrhiza association 
with varying concentrations of mercury (Hg) 
and to determine which AMF and vetiver grass 
association shows highest uptake capacity.

Methodology

Preparation and Sterilization of soil
A garden (loam) soil was used, obtained 

from an orchard at the University of Southern 
Mindanao Agricultural Research Center 
(USMARC), Kabacan, Cotabato, Philippines. The 
soil was sieved and sterilized using conventional 
method of sterilization (sterilization of soil using 
pan for 2 hours or until moist was vanished) then 
re-sterilized at 180°C for 2 hours using an oven. 
Each two kilograms of sterilized soil was placed 
in 11-inches diameter plastic pots. 

Mercury Application into the Soil
Two ml of inorganic mercury chloride 

(HgCl2) was added in liquid form to the soil at 
concentrations of 0, 2, 4 and 6 ppm per 2 kg soil 
placed in 11- inch plastic pots one week after 
transplantation. The mixed solution of mercury 
chloride (HgCl2) and soil were allowed to stabilize 
for one week.

Treatments and experimental design
Randomized Complete Block Design 

(RCBD) was employed as the experimental 
design with four treatments replicated three 
times. The control has two kilograms of soil with 
no mercury chloride (HgCl2) (0 ppb HgCl2/2 kg 
soil) served as a control. Other treatments were 2 
ppm HgCl2/2 kg soil), 4 ppm HgCl2/2 kg soil, and 
6 ppm HgCl2/2 kg soil (Figure 1). Each treatment 
was inoculated with two commercially available 
fungi spores (MykovamTM and Glomus sp). Pots 
with no AMF served as a control.

Propagation of Test Plant and 
Inoculation of Arbuscular Mycorrhiza 
Fungi

The test plants were propagated using 
vegetative propagation technique of Chomchalow 
(2000) which was done by splitting mature tillers 
from vetiver clums or mother plants. Five grams 
of arbuscular mycorrhizal fungi spores was then 
inoculated in each 2 kg sterilized soil. The amount 
of inoculum was based on the recommendations 
of the manufacturer. The AMF spores were 
introduced at 2 cm below the soil surface. Before 
transplanting, roots were surface-sterilized 
with 0.5% sodium hypochlorite solution for 
one minute. The plants were maintained under 
screen house conditions. 

Determination of Plant Growth
The number of leaves and plant height were 

initially noted before the start of the experiment. 
These parameters were first measured one 
week after the application of mercuric chloride 
(HgCl2). Plant growth parameters were obtained 
every week for one month. Fresh weight and dry 
weight of the plant were measured to evaluate its 
biomass at the end of the observations.

Root Colonization of AMF
For assessing AMF colonization, plants 

were uprooted and 5 g of fresh roots were 
collected from the plants sampled at each 
randomly selected pot after 4 weeks. The root 
samples were cut into approximately 1 cm 
pieces, and were stained using the methods of 
Kormanik et al. (1980). The stained root samples 
were microscopically examined to assess the 
percentage of mycorrhizal colonization using the 
grid-line intersect method (Giovannetti & Mosse, 
1980). The percentage of root colonization was 
calculated using the following formula:

% colonization= (total number of colonized root 
pieces)/(total number of root 
pieces examined) x 100

Determination of Mercury Uptake 
Mercury uptake of the test plant was 

determined using the Atomic Absorption 
Spectrometry (AAS) at the Davao Analytical 
Laboratory Inc., Davao City, Philippines.

Statistical Analysis
Analysis of data was performed using the 
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STATISTICA software. The data was analyzed 
using three-way Analysis of Variance (ANOVA) 
with interaction and Tukey HSD was employed to 
detect statistical significant differences between 
means. 

Results and Discussion

Growth of Vetiver Grass 
(Chrysopogon zizanoides) Applied with 
Inorganic Mercury and Inoculated with 
Arbuscular Mycorrhizal Fungi (AMF)

The mean number of leaves of vetiver as 
affected by inorganic mercury application and 
arbuscular mycorrhizal fungi (AMF) inoculation 
from one to four weeks experimental period is 
shown in Figure 2. The mean number of leaves 
increased significantly from week one to four 
(p<0.05). The mean number of leaves differ 
significantly between AMF inoculated plants 
(p<0.05). The Glomus sp. inoculated plants 
increased their leaves from 12 to 30 in four weeks 
even at highest inorganic mercury concentration 
(6 ppm) while both MykovamTM-inoculated and 
un-inoculated plants had highest leaf count at 

0 ppm HgCl2 (25 and 24 leaves, respectively). 
Vetiver grass inoculated with Glomus sp.-
inoculated plants differ significantly in the number 
of leaves with MykovamTM-inoculated plants but 
not with the control plants. In terms of the effect of 
different inorganic mercury concentrations to the 
number of leaves, plants grown in 0 ppm HgCl2 
had significantly higher leaf counts compared to 
other treatments (p<0.05) while those grown in 
soil with different HgCl2 concentrations showed 
no significant difference (p>0.05). 

Although, significant difference was 
detected, inorganic mercury-free plants had only 
a difference of up to 3 leaves from the treated 
plants, showing tolerance to increasing heavy 
metal concentrations. Chrysopogon zizanoides 
is a special gramineous plant with an extremely 
strong ability to adjust to the environment, with 
well-developed root system could grow rapidly 
and resistant to metal contaminants (Gao, 2006). 
The AMF-colonized plant grown on heavy metal 
concentrations demonstrates survival strategy 
such as chelation of heavy metals through the 
formation of organic complexes as a result of the 

Figure 1. Experimental layout for the growth performance and mercury uptake of 
vetiver (Chrysopogon zizanoides Nash) inoculated with arbuscular mycorrhizal 
fungi.
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symbiotic relationship (Leyval et al., 1997). In 
this study, plants inoculated with AMF exhibited 
increased growth compared to the control 
plants. Siddiqui and Pichtel (2008) indicated that 
mycorrhizae forms symbiotic relationships with 
host plants and play a crucial role in plant growth. 
Arbuscular mycorrhiza AMF may influence plant 
by enhancing growth through vitamins and 
hormone production (Barea, 1997). Mycorrhizae 
are also recognized to manufacture growth-
stimulating substances for plants, and as a result, 
boosting mineral nutrition and improved growth 
and biomass needed for phytoremediation (Khan 
et al., 2004).

The mean height of vertiver was significantly 
affected by the duration of the experiment and 
AMF inoculation (p<0.05) but not by inorganic 
mercury application (p>0.05; Figure 3). The 
mean plant height in all treatments increased 
from week one to week four, with significantly 
higher increase in week two to four compared 
to week one (p<0.05). The AMF-inoculated 
plants also showed significant difference in 
plant height (p<0.05), with plants MykovamTM-
inoculated plants showing the highest mean 
height (p<0.05) while Glomus sp. inoculated 

and the control showed no significant difference 
(p>0.05). Although no significant difference 
was detected as an effect of inorganic mercury 
application, the interaction of mercury and AMF 
showed significant difference. Plant height was 
consistently high in MykovamTM-inoculated plants 
with highest height (106.38 cm) at week four with 
0 ppm HgCl2. In addition, MykovamTM-inoculated 
plants showed to increase plant height even at 
higher HgCl2 concentrations (4 ppm and 6 ppm) 
while Glomus sp. inoculated plants had the 
highest height in lower HgCl2 concentration. 

The C. zizanoides associated with AMF 
applied with different mercury concentrations, 
may have supported plant survival in soils that 
were considerably polluted with toxic metals. 
The mycorrhizal association has established an 
alternative solution for growing plants in toxic soil 
(Leung, 2004). Thus, the result signifies that the 
host plant’s ability to tolerate heavy metals may 
be credited to the unaltered heavy metal uptake 
system, and that C. zizanoides appears to depend 
mainly on their symbiotic relationship with AMF 
while it was exposed to heavy metals (Sharples 
et al., 2000a). Furthermore, AMF establishment 
in vetiver provides a role in decreasing exposure 

Figure 2. Mean number of leaves of Chysopogon zizanoides Nash inoculated with (a) 
Glomus sp., (b) MykovamTM and (c) Uninoculated plants with different mercury concen-
trations in 4 weeks.
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of the host to metals and preserving the supply 
of nutrients for growth in the nutrient-restricted 
and heavy metal contaminated soil (Sharples et 
al., 2000b).

In terms of fresh weight and dry weight 
(Figure 4), significant differences were observed 
for the different inorganic mercury concentrations 
and arbuscular mycorrhizal fungi (p<0.05), with 
highest fresh weight (39.3 g) in 0 ppm HgCl2 
inoculated with Glomus sp. while lowest was 

in 6 ppm HgCl2 uninoculated with AMF. On 
the other hand, MykovamTM inoculated plants 
showed the highest dry weight (15.73 g) while 
lowest dry weight was recorded in Glomus sp. 
inoculated plants at 6 ppm HgCl2. In this study, 
C. zizanoides inoculated with AMF even with 
application of inorganic mercury still increased 
both in fresh weight and dry weight.

The fact that inoculation of AMF increased the 
overall plant weight more than the uninoculated 

Figure 4. Fresh weight (A) and dry weight (B) of Chysopogon zizanoides Nash inoculated with 
arbuscular mycorrhizal fungi (AMF) applied with different inorganic mercury concentrations at 4 
weeks after transplanting.

Figure 3. Mean height (cm) of Chysopogon zizanoides Nash inoculated with (a) Glomus sp., (b) 
MykovamTM and (c) Uninoculated plants with different mercury concentrations in 4 weeks.
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plants and indicated that the inoculation of AMF 
on C. zizanoides was successful under different 
HgCl2 concentrations. In a different study, 
Wong et al. (2007) observed that shoot weight 
decreased as metal concentrations increased. 
Chrysopon zizanoides was reported to tolerate 
extreme soil conditions and climatic variations, 
including heavy metals, and has the potential 
for phytoremediation. Several studies reported 
the potential of using vetiver to remove heavy 
metals from soil garbage leachate (Xia et al., 
1999; Roongtanakiat et al., 2007), wastewater 
(Roongtankiat et al., 2007) and mine tailings 
(Yang et al., 2003; Roongtanakiat et al., 2007).

Percentage Colonization of Arbuscular 
Mycorrhizal Fungi (AMF) in Chrysopogon 
zizanoides

Figure 5 shows the % colonization of AMF 
in the roots of C. zizanoides. A relatively high % 
colonization of AMF was observed which ranges 
from 42% to 68.67% with highest colonization 
in MykovamTM at 0 ppm HgCl2 while lowest in 
Glomus sp. at 6 ppm HgCl2. Overall statistical 
analysis showed significant difference in % 
colonization (p<0.05). Furthermore, MykovamTM 
showed better colonization than Glomus even 
at highest concentration, with 57% colonization 
compared to 42% in Glomus sp. at 6 ppm HgCl2. 

From the growth ability of C. zizanoides, 
Glomus sp. and MycovamTM almost have the 
same capacity of promoting plant nutrition, 
compared to plants uninoculated with AMF. 
AMF are known to encourage morphological 
alterations in the host plant root system and a 
more branched and enhanced root system has 

been observed in mycorrhizal plants of various 
herbaceous and woody species (Berta et al., 
1995). Other studies have also shown that 
heavy metals can negatively affect  mycorrhizal 
colonization as shown in Glomus sp. at 6ppm 
HgCl2. Chao and Wang (1990) described a 
decrease in the AMF colonization on plants as 
an effect of the addition of mercury, amongst 
other heavy metal contaminants. However, in 
some cases, the consequence of heavy metal 
presence on mycorrhizal colonization can also 
be neutral (Diaz et al., 1996).

Furthermore, MykovamTM is a soil-based 
biofertilizer containing effective species of 
mycorrhizal (VAM) AMF. It is a soil inoculant 
containing spores and mycorrhizal propagules 
commonly used in nursery-grown seedlings 
(BIOTECH 1995, Lapitan & Garcia, 1994). It 
assists in the uptake of water and essential 
nutrients from the soil and can be used for 
agricultural crops, fruits trees and forest trees. 
Moreover, the presence of mycorrhizae affects 
the efficiency of roots as they increase water and 
nutrient uptake, enhance resistance to drought 
and root disease and survival of newly planted 
trees (Darr, 1996). MykovamTM is composed of 
a cocktail of 3 arbuscular mycorrhizal AMF of 
Glomus etunicatum, Glomus macrocarpus and 
Gigaspora margarita (Zarate et al., 1999).

Mercury Uptake of Chrysopogon 
zizanoides Nash

The mercury uptake of C. zizanoides is 
shown in Figure 6. In general, the mercury 
uptake by C. zizanoides was observed to be 
very minimal ranging from 0.06 ppm to 0.11 

Figure 5. Percentage root colonization of AMF in Chysopogon zizanoides Nash applied with 
different inorganic mercury concentrations at 4 weeks after transplanting. Important structures 
such vesicle (V), hyphae (H) and arbuscule (A) are also shown.
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Figure 6. Inorganic mercury uptake of Chysopogon zizanoides Nash inoculated with arbuscular 
mycorrhizal fungi (AMF) at 4 weeks after transplanting.

ppm which correspond to 1.06% to 5.38% 
uptake from soil. As observed, highest mercury 
absorption were noted in uninoculated plants at 2 
ppm to 4 ppm concentration but lowest at 6 ppm 
while Glomus sp. and MykovamTM-inoculated 
vetiver showed almost comparable uptake. As a 
whole, however, statistical analysis showed no 
significant difference (p>0.05) in the uptake of 
plants with or without AMF inoculation.

The result illustrated that plants uninoculated 
with AMF showed the highest mercury uptake. 
This can be explained primarily due to the specific 
bioaccumulation characteristic of heavy metals 
and consequently will accumulate differently in 
the ecosystem (Githongo, 2010). Species and or 
strains of AMF vary in their ability of tolerance 
to physical and chemical properties of soil and 
may also differ in their effectiveness in improving 
plant growth. AMF uptake of heavy metals from 
the soils changes the accumulation of heavy 
metals in soils and as a result, reduce the heavy 
metals accessible for plant uptake. This in turn 
decreases biomagnifications (Githongo, 2010). 

Heavy metals in contaminated soils could 
be reduced by the establishment of arbuscular 
mycorrhiza (AM) with obligate symbiotic AMF 
(Heggo et al., 1990, Weissenhorn et al.,1995, 
Chen et al., 2004). On the other hand, heavy 
metal stress in plants can be regulated by use 
of AMF (Hildebrandt et al., 1999). AMF that 
colonize plant roots and significantly decrease 
the uptake of heavy metals into plant cells may 
be one (Eason et al., 2001). A positive growth 
response to AMF symbiosis results into reduced 
heavy metal concentrations in plant shoots can 

be due to the biomass dilution effect (Harley 
and Smith, 1983). According to Huang et al. 
(2006), mycorrhizal colonization may lead to an 
upsurge in the accumulation of heavy metal in 
roots while a decrease in the shoots. Pawlowska 
et al. (2004) showed that plants colonized with 
the AMF, Glomus intraradices grew noticeably 
better than non-mycorrhizal controls. Evidences 
showed that AMF can significantly filter out 
contaminants such as toxic heavy metals and 
as a consequence, keep them away from the 
plants. However, high concentrations of heavy 
metals adversely alter the activity of AMF 
populations in soil (Rajendran et al., 2003), thus 
we can assume that mercury uptake of vetiver 
grass inoculated with AMF increases as heavy 
mercury concentrations increases. 

Conclusion 

The study highlights the effect of the 
arbuscular mycorrhiza inoculation to inorganic 
mercury uptake and growth performance of 
C. zizanoides. Results revealed that AMF 
inoculation significantly affects the growth of 
C. zizanoides. In addition, AMF inoculation 
enhances mercury uptake by the plant even at 
high concentrations. C. zizanoides in general 
was able to uptake minimal inorganic mercury 
from the soil. Therefore, it can be inferred that 
vetiver is not a hyperaccumulator but its potential 
as a good candidate for phytoremediation cannot 
be ignored. Future studies on the use of other 
forms of mercury such as organic, elemental and 
other heavy metals are highly recommended to 
fully elucidate the vertiver uptake capacity.
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