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Abstract: The objects of this research were to study the effect of various growth parameters on heavy metal
uptake of vetiver grass in the sterile Laboratory scale. The results showed that the PGP traits stimulated Cd,
Pb  and  Zn  uptake  in  both  on  V. zizanioides and V. nemoralis. However, the different vetiver ecotypes
showed the different effects of PGP traits. AVG, IAA and pyrocatechol were the proper choices for Cd uptake
on  V. zizanioides  while  N,  IAA  and AVG were suitable for V. nemoralis compared to control. Zn uptake by
V. nemoralis was stimulated by Desferroxamine, GA , IAA, AVG, pyrocatechol and zeatin while phosphate was3

suitable for V. zizanioides. In addition, the different PGP traits effects on Pb accumulation of both ecotypes
suggested that GA  and IAA were suitable for Pb uptake of V. zizanioides while AVG, DFB and GA  enhanced3 3

Pb uptake in V. nemoralis. Therefore, the appropriated PGP traits enhanced the heavy metal remediation by
vetiver grass.
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INTRODUCTION work which recognized for its effectiveness in soil erosion

Phytoremediation as the friendly remediated environmental variations including prolonged drought,
technology of heavily heavy metal contaminated soils by flood, submergence, extreme fluctuation of temperature
using plants to reduce, remove, degrade or immobilise (22-60°C), soil pH (3.0-10.5) and most importantly high
heavy metal from contaminated environment [1]. However, resistance to heavy metal toxicities [6].
an inhibitory effect on the plant growths was observed  The aims of this study were to determine the
under extremely heavy metals stress. The solution of this absolutely uptake and distribution efficiency of Cadmium
limitation solve by a large array of bacteria including (Cd), Lead (Pb) and Zinc (Zn) on 2 species of vetiver
species of Pseudomonas, Azospirillum, Azotobacter, grass consisting of Vetiveria zizanioides and Vetiveria
Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, nemoralis in axenic condition under different plant growth
Burkholderia, Bacillus and Serratia which reported to promoting traits supplement.
enhance plant growth [2, 3]. The exact mechanisms by
which PGPR promote plant growth are not fully MATERIALS AND MEDTHODS
understood, but are thought to include (i) the ability to
produce or change the concentration of plant growth Plant  Cultures:  Tissue  culture  of  vetiver grass  both
regulators like indoleacetic acid, gibberellic acid, V. zizanioides (Kumphang Phet1, Prajuab Kirikhun and
cytokinins and ethylene [4], (ii) asymbiotic N fixation, (iii) Ratchaburi ecotype) and V. nemoralis (Kumphang Phet2,2

antagonism against phytopathogenic microorganisms by Mae Hongson and Suratthani ecotype) were planted in
production of siderophores, antibiotics and cyanide, (iv) sterile condition. The sterile 30 cm length glass tube
solubilization of mineral phosphates and other nutrients contained 0.7% agar of Musashige and Skoog medium
[5]. Most the plants must establish and produce high supplemented  with  different  heavy  metals   as  follows:
biomass in hostile conditions. Having a deep and dense 20 mg/kg  of  Cd, 500 mg/kg of Zn, or 500 mg/kg of Pb.
root system, vetiver is a good candidate for phytoremedial Each supplemented heavy metal was spiked with different

and sediment control, highly tolerance to extreme
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constituents, consisting of 30 µM desferrioxamine B
mesylated (DFB), 30 µM pyrocatechol, 2.8 µM kinetin
riboside (zeatin), 3 µM gibberellic acid (GA ), 5 µM indol3

acetic acid (IAA), 10 µM aminoethoxyvinylglycine (AVG),
9.0  mM  KNO   and  1.5  mM KH PO . The tube were3 2 4

closed with sterile cotton and kept in a growth chamber at
23-28°C for 7 days. Each treatment and blank in all
experiments was tested in five replicates. These heavy
metal concentrations were chosen as the lowest toxic
levels in soils [7]. As the vetiver plant was died during
experiments when exposed by high concentrations of (A)
heavy metals.

Heavy Metal Extraction: At the end of each experiment,
the plants were weighed for biomass determination and
then heavy metal concentration was determined as
described by Farwell et al. [8]. Briefly, plants were
extensively   rinsed  with  several  changes  of  0.01 M
EDTA and followed by distilled water to remove some
non-specifically bound heavy metal. Afterwards, the
separated shoot and root of grass were dried in hot air
oven at 65°C for 1 day and were finely cut. The dried plant
samples were digested with 0.8 ml of purified HNO  in (B)3

incubators at 65°C for 3 h. The supernatants were
determined for heavy metals by Graphite Furnace Atomic
Absorption Spectrophotometry (GFAAS).

The absorption of heavy metal from the medium by
plants expressed as total accumulation rate (TAR) and
transport index (TF), were calculated by the following
formula as described by Taylan et al. [9] and Mellem et al.
[10], respectively.

TAR = [(Shoot dry weight (g) x Shoot HM conc (µg/g)) +
(Root dry weight g x Root HM conc µg/g)]/[(Shoot dry
weight g + Root dry weight g x days of harvest)] (C)
TF = Shoot heavy metal conc (µg/g)/Root heavy metal
conc (µg/g) Fig. 1: Total  heavy  metal  uptake  of  V.  zizanioides
HM conc. = heavy metal concentration (RC)- and V. nemoralis (ST) inoculated with the

Statistical Analysis: All chemical experiments were presence of Cd (A), Pb (B), or Zn (C). Bars of each
analyzed in five replicate. Statistical analysis was ecotype with different superscript are significant
evaluated in Completely Randomized Design (CRD). The difference (p < 0.05).
data were analyzed with analysis of Variance (ANOVA)
using SPSS 16.0. Significant differences at P < 0.05 were (Table 1 and Fig. 1, 2, & 3). However, Table 1 showed that
compared using the Duncan’s Multiple Range Test. the translocation of Cd from root to shoot was rather low

RESULTS Cd  concentration  in  root  than  shoot, especially under

For V. zizanioides, the results revealed that the most 10 times higher than shoot. The amount of total Cd uptake
plant   growth  promoting   traits-tested   enhanced  the per  day  (TAR)  of V. zizanioides  under different PGP
total  heavy  metal  uptake  when  compared  to the control traits was the same and all were higher than control group.

plant growth promoting traits and grown in the

in  all  investigated  traits. This was suggested by higher

the  influence  of  AVG,  the  Cd accumulation in root was
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Table 1: Cd concentration in V. zizanioides grown in the presence of various growth promoting traits
Cd concentration in plants (mg/kg)
----------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 6.21±1.79 24.591±16.51 3.532±2.167 0.0015±0.00a a a a

AVG 83.28±38.92 1000.95±230.92 0.773±0.635 0.03±0.00b d ab b

Desferosamine 128.84±35.82 237.45±50.94 8.434±6.286 0.037±0.03bc bc c b

Gibberellin 179.55±44.40 314.6±73.50 5.821±1.515 0.03±0.00c bc bc b

IAA 200.74±47.16 516.92±181.71 3.784±0.913 0.03±0.01c c ab b

Nitrogen 183.65±47.57 361.45±177.88 5.432±1.399 0.02±0.01c bc bc b

Phosphorus 123.68±90.04 243.21±40.27 5.207±3.760 0.02±0.01bc ab bc b

Pyrocatechol 159.38±46.59 813.5±296.72 2.117±0.935 0.03±0.01bc d ab b

Zeatin 182.74±57.25 410.59±261.74 5.262±2.141 0.03±0.00c bc abc b

Value in the same column with different superscript are significantly difference (p < 0.05).

Table 2: Pb concentration in V. zizanioides grown in the presence of various growth promoting traits
Pb concentration in plants (mg/kg)
------------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 42.03±14.48 164.25±75.72 14.236±7.064 0.018±0.02ab a bc a

AVG 458.04±78.17 2545.49±1593.86 1.84±0.725 0.11±0.10bc b a bc

Desferosamine 626.09±353.37 3421.62±1662.75 2.21±1.337 0.18±0.11c b a c

Gibberellin 202.4±144.03 618.52±459.30 4.945±3.869 0.03±0.01ab a bc ab

IAA 142.07±22.97 597.07±323.05 2.807±1.233 0.04±0.03ab a a ab

Nitrogen 65.46±14.95 239.5±69.22 3.195±0.063 0.01±0.00ab a a a

Phosphorus 22.2±10.45 75.82±98.36 9.99±1.008 0.003±0.00a a c a

Pyrocatechol 40.1±6.71 318.69±37.69 1.878±0.201 0.01±0.00ab a a a

Zeatin 230.48±18.45 488.18±257.59 4.394±1.824 0.04±0.02ab a bc ab

Value in the same column with different superscript are significantly difference (p < 0.05).

Table 3: Zn concentration in V. zizanioides grown in the presence of various growths promoting traits
Zn concentration in plants (mg/kg)
------------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 3747.00±1489.71 1896.6±1307.32 20.618±4.890 0.6±0.18a abc a a

AVG 1843.12±1268.82 2557.12±1066.82 6.634±2.443 0.33±0.02a abc a a

Desferosamine 3882.45±98.06 4921.32±1770.06 8.385±2.452 0.67±0.16a c a a

Gibberellin 415.48±101.84 3152.14±1401.37 1.468±0.688 0.18±0.12a abc a a

IAA 4325.5±990.88 4012.14±908.50 11.546±4.621 0.7±.011a bc a a

Nitrogen 3700.38±1900.93 2579.02±217.32 13.267±9.393 0.56±0.26a abc a a

Phosphorus 61017.33±40341.78 449.23±366.35 10,974.125±2,909.431 16.88±20.37b a b b

Pyrocatechol 1586.72±1694.43 5789.62±4676.67 3.977±3.011 0.4±0.34a bc a a

Zeatin 1035.92±1003.82 1947.29±156.29 15.487±10.826 0.217±0.19a ab a a

Value in the same column with different superscript are significantly difference (p < 0.05)

Table 4: Cd concentration in V. nemoralis grown in the presence of various growth promoting traits
Cd concentration in plants (mg/kg)
--------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 41.2±29.16 94.156±78.15 10.894±10.436 0.007±0.003a a a ab

AVG 92.37±74.93 494.79±91.48 9.694±1.551 0.012±0.005a ab a abc

Desferosamine 102.64±33.65 200.24±137.02 17.836±9.738 0.018±0.005a ab a c

Gibberellin 78.309±47.11 121.32±80.11 7.68±5.299 0.013±0.007a a a abc

IAA 240.33±34.62 307.56±84.32 8.852±4.864 0.036±0.002b ab a d

Nitrogen 188.667±63.02 597.32±288.71 3.743±1.654 0.040±0.01b b a d

Phosphorus 48.9±39.01 81.88±48.32 23.579±4.168 0.005±0.004a a a a

Pyrocatechol 75.424±43.46 257.26±51.26 8.131±0.975 0.015±0.005a ab a bc

Zeatin 111.93±51.13 132.22±82.77 14.932±13.443 0.015±0.007a a a bc

Value in the same column with different superscript are significantly difference (p < 0.05)
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Table 5: Pb concentration in V. nemoralis grown in the presence of various growth promoting traits
Pb concentration in plants (mg/kg)
---------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 423.81±65.56 1757.62±572.91 2.463±0.833 0.1±0.01a a abc ab

AVG 970.4±230.08 2303.09±1145.61 5.556±3.066 0.17±0.009bc ab d bcd

Desferosamine 357.66±77.99 1571.98±436.63 2.288±0.118 0.08±0.02a a abc a

Gibberellin 968.5±285.25 9127.426±4517.81 1.798±1.028 0.3±0.07bc c ab f

IAA 1208.62±188.15 5279.9±2418.43 2.57±0.945 0.24±0.05c b abc df

Nitrogen 972.91±125.91 2458.34±445.41 4.125±1.271 0.19±0.02bc ab bcd cd

Phosphorus 309.19±310.2 3674.88±2136.17 0.963±0.899 0.11±0.08a ab a abc

Pyrocatechol 913.73±132.71 2196.55±738.54 4.484±1.381 0.17±0.03b ab cd bcd

Zeatin 409.84±78.12 1168.05±214.53 3.339±0.505 0.07±0.01a a abcd a

Value in the same column with different superscript are significantly difference (p < 0.05)

Table 6: Zn concentration in V. nemoralis grown in the presence of various growth promoting traits
Zn concentration in plants (mg/kg)
----------------------------------------------------------------

Parameter Shoot Root TF TAR
Control 279.25±215.36 230.37±195.23 24.551±20.053 0.03±0.008a a a a

AVG 3378.97±891.73 2936.57±489.01 11.865±4.175 0.54±0.29cd c a c

Desferosamine 5255.43±3794.9 4061.4±778.12 15.636±15.51 0.58±0.31d d a c

Gibberellin 1774.82±767.58 3039.32±856.21 6.333±3.189 0.36±0.14abc c a bc

IAA 2433.85±1390.77 4124.45±1042.48 4.61±3.478 0.54±0.29bc d a c

Nitrogen 430.01±517.2 269.15±207.98 26.966±22.806 0.03±0.01ab a a a

Phosphorus 169.76±83.9 296.53±224.8 11.241±11.003 0.03±0.02a a a a

Pyrocatechol 3263.85±660.19 2336.626±666.6 11.182±1.813 0.4±0.15bcd c a c

Zeatin 2640.51±1826.88 1461.53±769.59 15.797±8.527 0.25±0.14c b a ab

Value in the same column with different superscript are significantly difference (p < 0.05)

The total Cd accumulations (mg Cd per kg plant dry from root to shoot (TF) compared to the control group.
weight) of Control, AVG, DFB, GA , IAA, Nitrogen, Similarly, P also induced the maximum total accumulation3

Phosphorus, Pyrocatechol and Zeatin were 26.15, 1,067.06, of Zn per day (TAR) while the rest of PGR traits had no
533.07, 494.16, 717.67, 545.1, 400.41, 972.88 and 593.33 effect. Notably, the TF and TAR for Zn uptake and
mg/kg, respectively. The metal TF as capacity of heavy accumulation in control or every PGP traits were higher
metal translocation from root to shoot has been than the other heavy metal.
determined. The results showed that the TF was highest Heavy metal analysis obtained from the root and
(8.433) when supplemented with DFB. A significant higher shoot of V. nemoralis (Tables 4, 5 & 6) revealed that roots
Cd concentration in root than shoot was also observed in Cd concentration was higher than in shoots
all evaluated parameter (Table 1) and all concentration concentration, especially in AVG, the Cd accumulation in
were higher than control group. root was about 5 time of shoot (Table 4). The average

Only V. zizanioides grown under AVG and DFM total Cd accumulation of control, AVG, DFB, GA , IAA,
significantly displayed higher Pb in root compared to Nitrogen, Phosphorus, Pyrocatechol and Zeatin,
control (Table 2). The total uptake of Pb was in the order expressed as mg Cd per kg dry plant, were 135.35, 587.16,
of DFB, AVG, GA  > IAA, Zeatin, Pyrocatechol, N, control 302.89, 199.62, 547.89, 785.99, 130.79, 332.68 and 244.153

and P, respectively (Fig. 1B). TF analysis found no mg/kg, respectively. There were no effects of PGP traits
difference between group and each PGP traits in Pb on  Cd  translocation  from  root to shoot in V. nemoralis.
translocation compared to the control. The total In addition, the higher Cd accumulation rate than the
concentrations of Zn in V. zizanioides was in the order of control  group  was  only  deserved  under  the  influence
P > DFB, IAA, Pyrocatechol, control, N, AVG, GA3 and of  DFB,  IAA  and  N.  Similar  to  the  V. zizanioides,  the
Zeatin, respectively (Fig. 1C). The average maximum TF V. nemoralis also exhibited higher Pb root concentration
and TAR was observed in Zn (Table 3). All of the tested than Pb shoot concentration in all parameters-tested,
PGR traits, except P had no influence of Zn translocation including  the  control  (Table 5). Compared to the control,

3
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the higher Pb total accumulation was only deserved in the The comparison of heavy metal uptake by two
presence of the influence of GA , IAA and N (Fig. 1B and vetiver ecotypes  found  that  V.  zizanioides and V.3

Table 5). In addition, only AVG could increase the zizanioides had no significance for heavy metal uptake. In
translocation from root to shoot higher than the control. contrast with   Roongtanakiat    and   Chairoj   [16]
The higher total Zn accumulation than the control group reported  that V. zizanioides had significantly higher Mn,
was only deserved under the influence of DFB, AVG, GA , Zn and Cd amounts in shoot and root than V. nemoralis3

IAA and pyrocatechol (Fig. 1C). Table 6 indicated that and Kamphaeng Phet ecotypes on pot experiment.
most of PGP traits increased the concentrations of Zn in
root and shoot compared to the control group. The total CONCLUSIONS
rate of Zn accumulation was also higher than control
under the influence of AVG, DFB, IAA and pyrocatechol. This research  was  the  first  report  that elucidated
However, there were no effects of PGP traits on Zn the effect of heavy metal on PGP traits and the efficiency
translocation from root to shoot. of heavy metal uptake by two species of vetiver grass.

DISCUSSION heavy metal uptake of vetiver grass. However, the

PGP traits could be stimulated Cd, Pb and Zn uptake depends upon heavy metal and plant species.
on both V. zizanioides and V. nemoralis. Belimov et al.
[11] also reported that AVG, the chemical inhibitors of ACKNOWLEGEMENTS
ethylene biosynthesis, inhibited ACC accumulation in
plants which exposed to solutions containing Cd This work was supported by Nation Research2+

brought a significant improvement in the plant growth. Council of Thailand, Ministry of Science and Technology,
Pyrocatechol and desferroxamin as sub-type of Thailand.
siderophore were low molecular mass iron chelators with
high association onstants for complexing iron and also REFERENCES
form stable complex with other heavy metal such as
aluminium, Cd, copper, Pb and Zn. Therefore they 1. Suthersan, S.S., 1999. Phytoremediation: remediation
promoted the iron uptake by plants in the presence of engineering-design concepts. CRC Press LLC.
heavy metal [12]. Wang et al. [13] reported that IAA 2. Kloepper, J.W., R. Lifshitz and R.M. Zablotowixz,
increased Pb accumulation in roots, but significantly 1989. Free-living bacterial inocula for enhancing crop
decreased Pb accumulation in shoots of maize (Zea mays productivity. Trends Biotechnol., 7: 39-43.
L. cv. TY2) seedlings. Similarly, L´opez et al. [14] reported 3. Glick, B.R., C.L. Patten, G. Holguin and D.M. Penrose,
that 0.2 mM Pb plus 10 mM gibberellic acid increased Pb 1999. Biochemical and genetic mechanisms used by
concentration in alfalfa (Medicago sativa L.) roots by plant growth promoting bacteria. London, United
about 40% compared to treatment with Pb only. The Kingdom: Imperial College Press.
summary could be pronounced that IAA, GA  and 4. Arshad, M. and W.T. Jr Frankenberger, 1993.3

phosphate demonstrated the indirect effects on Pb Microbial  production  of   plant   growth  regulators.
accumulation because IAA is a molecule that promotes In Soil microbial ecology. Applications in agricultural
apical dominance, tropism, stem elongation and root and environmental management, Ed., Metting, F.B.
formation among others, while GA  is related to New York: Jr. Marcel Dekker, Inc., pp: 307-343.3

germination and flowering processes. 5. Defreitas, J.R. and J.J. Germida, 1992. Growth
However, the different vetiver ecotypes showed the promotion of winter wheat by fluorescent

different effects on heavy metal uptake by various PGP Pseudomonas under field conditions. Soil Biol. and
traits. Therefore, the different results observed in this Biochem., 24: 1137-1146.
study might be caused by differing properties of plant 6. Truong, P. and D. Baker, 1998. Vetiver Grass System
variation which supported by Malik et al. [15]. They for Environmental Protection. Tech. Bull. No.1998/1,
reported that the effects on the bioaccumulation of PRVN / ORDPB, Bangkok, Thailand.
selected heavy metals by plants have been known to vary 7. Truong, P.N., 1999. Vetiver Grass Technology for
greatly depending on the different rhizobacteria, plant Mine Rehabilitation. Tech. Bull. No. 1999/2, PRVN
species, soil characteristics and climatic conditions. /ORDPB, Bangkok, Thailand.

The results supported that PGP traits could be promote

utilization of various PGP traits on phytoremediation



Am-Euras. J. Agric. & Environ. Sci., 13 (4): 465-470, 2013

470

8 Farwell, A., V. Nero and M. Croft, 2006. Modified 12. Dimkpa, C.O., A. Svatoš, P. Dabrowska, A. Schmidt,
Japanese medaka embryo-larval bioassay for rapid W. Boland and E. Kothe, 2008. Involvement of
determination of developmental abnormalities. Arch. siderophores in the reduction of metal-induced
Envir. Contam. and Toxicol., 51: 600-607. inhibition of auxin synthesis in Streptomyces spp.

9. Taylan,  K.,  Y.  Elif,  K.   Eda,   B.   Çi dem,   Y.  Sirri, Chemosphere, 71: 19-25.
B. Murat, C. Gül and U. Muammer, 2011. Uptake, 13. Wang, H.H., X.Q. Shan, B. Wen, G. Owens, J. Fang
accumulation and some biochemical responses in and S.Z. Zhang, 2007. Effect of indole-3-acetic acid
Raphanus sativus L. to zinc stress. Afr. J. on lead accumulation in maize (Zea mays L.)
Biotechnol., 10: 5993-6000. seedlings and the relevant antioxidant response.

10 Mellem, J.J., H. Baijnath and B. Odhav, 2012. Environ. and Expt. Bot., 61: 246-253.
Bioaccumulation of Cr, Hg, As, Pb, Cu and Ni with 14. L´opez,  M.L.,  J.R.   Peralta-Videa,  T.   Benitez  and
the ability for hyperaccumuation by Amaranthus J.L. Gardea-Torresdey, 2005. Enhancement of lead
dubius. Afr. J. Agric. Res., 7: 591-596. uptake by alfalfa (Medicago sativa) using EDTA and

11. Belimov,  A.A.,  V.I.  Safronova,   T.A.  Sergeyeva, a plant growth promoter. Chemosphere, 61: 595-598.
T.N.  Egorova,  V.A.  Matveyeva,   V.E.  Tsyganov, 15. Malik, R.N., S.Z. Husain and I. Nazir, 2010. Heavy
A.Y.    Borisov,      I.A.    Tikhonovich,     C.   Kluge, metal contamination and accumulation in soil and
A. Preisfeld, K.J. Dietz and V.V. Stepanok, 2001. wild plant species from industrial area of Islamabad,
Characterization of plant growth promoting Pakistan. Pak. J. Bot., 42: 291-301.
rhizobacteia isolated from polluted soils and 16 Roongtanakiat, N. and P. Chairoj, 2001. Uptake
containing 1-aminocyclopropane-1-carboxylate potential of some heavy metals by vetiver grass.
deaminase. Canad. J. Microbiol., 47: 642-652. Kasetsart J. Natural Science, 35: 46-50.


