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Vetiver Grass for the Remediation of Soil Contaminated
with Heavy Metals

Nualchavee Roongtanakiat! and Prapai Chair 0j2

ABSTRACT

Three vetiver grass ecotypes, Kamphaeng Phet, Ratchaburi and Surat Thani were planted in soil
supplemented with different amounts of manganese (Mn), zinc (Zn), copper (Cu), cadmium (Cd) and lead
(Pb). It wasfound that these heavy metals did not affect the growth of the vetiver grass, even though the
uptake amount increased as the applied amount increased. Ratchaburi ecotype gave the highest shoot dry
weight and lowest root weight and at the same time had significantly higher Mn, Zn and Cd amounts in
shoots than Surat Thani and Kamphaeng Phet ecotypes. However, Ratchaburi and Kamphaeng Phet
ecotypes showed similar copper uptake. The root of Ratchaburi ecotype could also absorb significantly
higher amounts of Zn, Cd and Pb than those of Surat Thani and Kamphaeng Phet ecotypes. For Mn and
Cu, Ratchaburi and Surat Thani ecotypes could uptake more than those of Kamphaeng Phet.

As expected, the residual heavy metal in soil increased as the applied amount increased. The soil
planted with Ratchaburi vetiver ecotype had lessresidual heavy metal sthan that planted with the other two
ecotypes since it absorbed more heavy metals. Therefore, this specific ecotype would be useful for

remedying soil contaminated with heavy metals.
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INTRODUCTION

Vetiver (Vetiveriazizanioides(Linn.) Nash)
belongstothesamegrassfamily asmai ze, sorghum,
sugarcaneandlemongrass. Therearesevera unique
characters of vertiver as reported by the Land
Development Department (1998), the National
Research Council (1993) and the Office of Royal
Development Projects Board (2000).
Internationally, vetiver is well known as a useful
agent for erosion control because of its steady
straight shoot and robust long denseroot system. In
Thailand, HisM g esty theKing Bhumipol Adulyadet
hasinitiated and supportedtheuseof vetiver for soil

andwater conservationsince1991. Thesubsequent
results clearly affirmed that vetiver can be used
according to His Majesty’s initiative, and the
applicationactivitiesonitsuseshavebeen promoted.

The global problem concerning
contamination of environment as a consequence of
human activities is increasing. Most of the
environmental contaminants are chemical by-
products and heavy metals. The human activities
that contaminate soilswithlargequantitiesof heavy
metals are industrial and mining industries, fuel
burning and fuel production, intensive agriculture
and sludge dumping. Heavy metalsaccumulated in
soil can affect flora, faunaand human living in the
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vicinity or downstream of the contaminated sites.
Methodsused for decontamination have often been
doneby chemical treatingthecontaminants, burying
and removing them from the site. These methods
are expensive and difficult to carry out as the
volume of contaminated materialsin most casesis
very large. Phytoremediation is an alternative
method that uses plantsto clean up acontaminated
area. Itisrelatively easy toimplement, and also can
reduce remedial cost and restore the habitat.
However, the plant speciesused in thismeans must
grow well in toxic level of heavy metal condition
and can produce high biomass. As vetiver was
foundtobehighly tolerant to extremesoil conditions
including heavy metal contamination (Truong and
Baker, 1998), therefore, the experiment was
conducted to compare three Thai native vetiver
ecotypesontheir abilitiesto tolerate toxic level s of
manganese (Mn), zinc (Zn), copper (Cu), cadmium
(Cd) and lead (Pb) and on the ability to accumulate
these heavy metals in shoots and roots. The
subsequent resultisexpectedto befurther devel oped
as an effective and low-cost method to alleviate
heavy metal contamination in the environment.

MATERIALSAND METHODS

The pot experiment was carried out at the
Department of Applied Radiation and |sotopes,
Faculty of Science, Kasetsart University, using a
3x5factoria experimentin Completely Randomized
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Design (CRD) with 3 replications. Three Thai
nativevetiver ecotypeswereusedintheexperiment:
Surat Thani, Kamphaeng Phet and Ratchaburi
vetiver. Thesethreeecotypesarenaturally grownin
awiderangeof land conditionfromlow landtohigh
land (Land Development Department, 1998 and
Office of the Royal Development Projects Board,
2000). Thevetiver seedlingsfromthetissueculture
laboratory at the Department of Botany, Kasetsart
University, wereplantedin potscontaining 10 kg of
Hupkaphong series sandy soil (coarse-loamy,
siliceousisohyperthermicUstoxic Dystripepts). The
0-15cmlayer of thesoil haspH 5.5(1:1, H,0:s0il),
0.8 % organic matter (Walklay and Black, 1934),
0.77 mineral-N (NH4* + NOs3") (Bremner, 1965),
11 mg kg1 available P (Bray and K urtz, 1945) and
68mgkglextractableK (Knudsenetal., 1982) and
CECof 4.38meg/100g (Jackson, 1958). Theplants
were grown outdoors under natural daylight and
fertilized with 15-15-15 fertilizer at 2.56 g potL.
Five levels of heavy metal salt solution consisting

of M nCI2.4H20, ZnC|2, CUC|2.2H20,
CdCl,.2.5H,0 and Pb(NOs3), were given to one-
month vetiver (Table 1).

Theincrement in height of vetiver plant was
investigated monthly. Three months after the
application of heavy metals, vetiver plants were
harvested. The heavy metal content in shoot and
root parts and those remained in soil was analyzed
using atomic absorption spectrophotometry (Baker
and Amacher, 1982; Burau, 1982; Gambrell and

Table1l Concentration of heavy metal (mg kg 1) added in five levelsto soil used in the experiment.

Heavy metal Level of heavy metals
1 2 3 4 5
Mn 0 100 200 300 400
Zn 0 50 100 150 200
Cu 0 10 20 30 40
Cd 0 05 1 15 2.0
Pb 0 15 30 45 60
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Patrick, 1982). Data were statistically analyzed
using analysis of variance and Duncan’s Multiple
Range Test for mean comparison. A probability
level of P< 0.05 was considered for significant
difference.

RESULTSAND DISCUSSION

Vetiver growth in contaminated soil
It was found that all three vetiver ecotypes
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could grow well in the soil contaminated with
heavy metals as shown in Figures 1 and 2. There
was an increase in plant height until harvest three
months after heavy metals added. However, the
vetiver height of Surat Thani ecotype was
significantly greater than those of Kamphaeng Phet
and Ratchaburi ecotypes. The different amounts of
heavy metalsadded showed nosignificantdifference
concerning vetiver height (Figure 1).

Asfor shoot and root dry weight, there was
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Figurel Height (cm) of three vetiver ecotypes (Kamphaeng Phet, K; Ratchaburi, R; Surat Thani, S)
planted in soil contaminated with heavy metalsadded in5levels, taken at 1, 2 and 3 months after

application.
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Figure2 Plant (shoot and root) dry weight (g pot) of three vetiver ecotypes (Kamphaeng Phet, K;
Ratchaburi, R; Surat Thani, S) plantedin soil contaminated with heavy metalsaddedin 5 levels,

harvested at 3 months after application.
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no significant difference among vetiver ecotypes
regarding shoot dry weight. Ratchaburi ecotype
gave the highest shoot dry weight but lowest root
weight comparingtothoseof theother two ecotypes.
Surprisingly, root dry weight increased as
concentration of heavy metals in soil increased
except that of Ratchaburi. Vetiver grown in soil
with the highest heavy metal level gave aroot dry
weight significantly higher thanthose of levels1-3.
However, vetiver ecotypes and amounts of the
heavy metal sadded had no significant effect onthe
total dry matter yield of vetiver (Figure 2).

It might be concluded that heavy metalsin
soil even at the level above critical value to plant
growth had no negative effect on vetiver growth.
This finding was similar to the results of Troung
(1999), Roongtanakiat and Chairoj (2001).

Concentration of heavy metalsin vetiver shoots
and roots

In general, vetiver could take up more
amountsof heavy metalswhen therewere plenty of
heavy metalsin the soil (Figures 3 and 4). It was
found that Ratchaburi vetiver ecotype took up
significantly higher concentrations of manganese,
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zinc and cadmium in shoot than those in Surat
Thani and Kamphaeng Phet ecotypes. The copper
and lead concentrationsin shoot of Ratchaburi and
Kamphaeng Phet ecotypeswerenot different. They
were higher than those in Surat Thani ecotype
(Figure 5). It might be concluded that vetiver
ecotypewasafactor influencing heavy metal uptake
variation. Alloway (1997), Baker and Senft (1997)
reported that plant speciesaswell ascultivarsdiffer
widely in their uptake ability and accumulation of
heavy metals.

The average highest heavy metal
concentrations in the shoot of the three vetiver
ecotypes for cadmium, lead, zinc and manganese
were 2.9, 55.1, 253.8 and 299.5 mg kg1,
respectively. They were lower than the toxic
threshold levelsin vetiver shoot except for that of
copper (46.6 mgkg1) that washigher thanthetoxic
threshold level (13-15 mg kg'l) (Truong, 1999).
Thelow pH (5.4) of sail in this study might cause
the increase in copper absorption as reported by
Baker and Senft (1997) that a decrease in pH
enhances Cu2* absorption by plant root.

In vetiver roots, Ratchaburi ecotype could
accumulate the highest amount of heavy metals.
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Figure3 Concentrationsof Cd, Cu, Pb, Mnand Znin shoots of vetiver planted in soil contaminated with

heavy metals added in 5 levels.
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There were significantly higher concentrations of
zinc, cadmium and lead in Ratchaburi ecotype
compared to those found in Surat Thani and
Kamphaeng Phet ecotypes. The concentrations of
manganese as well as copper in root of Ratchaburi
and Surat Thani ecotypeswerenot different, but the
two ecotypes had higher concentrations of
manganeseand copper thanthoseintheKamphaeng
Phet ecotype (Figure 6).
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Comparing the distribution of heavy metal
concentrationsin shoot and root parts, zinc, copper
and manganese were amost evenly distributed.
However, lead was translocated more to shoot
whilecadmiumwasaccumul ated moreinroot. Our
result wasagreeablewith Troung’ sreport (Troung,
1999) on the distribution of zinc and cadmium. He
found that a small amount of cadmium and a
moderate proportion of copper and lead were
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Figure4 Concentrations of Cd, Cu, Pb, Mn and Znin roots of vetiver planted in soil contaminated with

heavy metals added in 5 levels.
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Figure5 Concentrations of Cd, Cu, Pb, Mn and Zn in the shoots of three vetiver ecotypes (Kamphaeng
Phet, K; Ratchaburi, R; Surat Thani, S) planted in soil contaminated with heavy metalsaddedin

5levels.



438 Kasetsart J. (Nat. Sci.) 35 (4)

translocated to the shoot, while zinc was evenly
distributed in shoot and root. These finding
suggested that the vetiver ecotypes as well as the
soil type could cause the differencein heavy metal
distributioninvetiver plants. Theseason of planting
should also be considered as a factor effecting
heavy metal uptake as reported by Devies (1997).

Theremaining heavy metalsin soil

After harvesting, thesoilswereanayzedfor
theremaining heavy metals. It wasfound that there
were more heavy metals remained in the soil of
higher level added (Figure7). Thesoil of Ratchaburi
vetiver ecotype had lower heavy metals remained
than those of other two ecotypes astheresult of its
high heavy metal uptake.
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Figure6 Concentrationsof Cd, Cu, Pb, MnandZnintherootsof threevetiver ecotypes(Kamphaeng Phet,
K; Ratchaburi, R; Surat Thani, S) planted in soil contaminated with heavy metals added in 5

levels.
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Figure7 Concentrationsof Cd, Cu, Pb, Mnand Zn remaining (after vetiver harvest) in soil contaminated

with heavy metalsadded in 5 levels.
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CONCLUSION

The results from the pot experiment
demonstrated that vetiver of Ratchaburi ecotype
had a high potential in absorbing heavy metals
contaminated in soil.

Althoughvetiverisnot ahyper-accumulator,
it has been found to be highly tolerant to extremely
adversesoil conditions. Therefore, vetiver could be
used for rehabilitation of mine tailings, garbage
landfills and industrial waste dumps which are
often extremely acidic or akaline, high in heavy
metals and low in plant nutrients. Planting vetiver
inrowsor contour on the side slopes could prevent
contamination of heavy metals in adjacent area
polluted by erosion, leachate and runoff problems.
Thevetiver shoot should becut regularly in order to
stimulate their growth into thick clumps. Then
heavy metal swould be uptaken and translocated to
the new shoot while contaminant level should be
reduced gradually. Vetiver shoot and root could be
disposed safely away from contaminated sitesor be
used as value-added material such as green fuel,
handicraft product, roofing and mulching material.

ACKNOWLEDGMENT

Theauthorswouldliketothank the Officeof
the Roya Development Projects Board for the
financial support.

LITERATURE CITED

Alloway, B.J. 1997. Cadmium, pp. 122-147. In
B.J. Alloway (ed.). Heavy Metalsin Soils. 21
ed. Blackie Academic and Professional,
London.

Baker D.E. and J.P. Senft. 1997. Copper, p. 179-
205. In Heavy Metalsin Soils. 2'ded. B.J.
Alloway (ed.). Blackie Academic and
Professional, London.

Baker, D.E. and M.C. Amacher. 1982. Nickel,
Copper, Zinc and Cadmium, pp. 323-336. In

A.L.Page, R.H.MillerandD.R. Keeney (eds.).
Method of Soil Analysis, Part 2. Amer. Soc.
Agron. Inc., Madison, Wisconsin.

Bray, R.H.andL.T. Kurtz. 1945. Determination of
total organic and availableform of phosphorus
in soils. Soil Sci. 59:39-45.

Bremner, JM. 1965. Inorganic form of nitrogen,
pp. 1179-1237. In C.A. Black (ed.). Method
of Soil Analysis, Part 2. Am. Soc. Agron. Inc.,
Madison, Wisconsin.

Burau, R.G. 1982. Lead, pp. 347-365. In A.L.
Page, R.H. Miller and D.R. Keeney (eds.).
Method of Soil Analysis, Part 2. Amer. Soc.
Agron. Inc., Madison, Wisconsin.

Davies, B.E. 1997. Lead, pp. 206-223. In B.J.
Alloway (ed.). Heavy Metalsin Soils. 2ded.
Blackie Academic and Professional, London.

Gambrell, R.P. and W.H. Patrick, Jr. 1982.
Manganese, pp. 313-322. InA.L. Page, R.H.
Millerand D.R. Keeney (eds.). Method of Sail
Analysis, Part 2. Amer. Soc. Agron. Inc,,
Madison, Wisconsin.

Jackson, M.L. 1958. Soil Chemical Analysis.
Plentice Hall, Inc., Englewood Cliffs, New
Jersey. 498 p.

Knudsen, D., G.A. Peterson and P.F. Pratt. 1982.
Lithium, sodium and potassium, pp. 225-246.
In L.A, Pace, R.H. Miller and D.R. Keeney
(eds)). Method of Soil and Analysis, Part 2.
Am. Soc. Agron. Inc., Madison, Wisconsin.

Land Development Department. 1998. Vetiver
Grass Overview. Land Development
Department, Ministry of Agriculture and
Coorperatives, Bangkok. 115 p.

National Research Council. 1993. Vetiver Grass:
A Thin Green Line Against Erosion. National
Academy Press, Washington, D.C., 171 p.

Office of the Royal Development Projects Broad.
2000. Factual Tipsabout Vetiver Grass. Office
of the Royal Development Projects Broad,
Bangkok, Thailand. 103 p.

Roongtanakiat, N. and P. Chairoj. 2001. Uptake
potential of some heavy metals by vetiver



440 Kasetsart J. (Nat. Sci.) 35 (4)

grass. Kasetsart J. (Nat. Sci.) 35 : 46-50.

Truong, P.N.V. 1999. Vetiver grasstechnology for
mine rehabilitation. Office of Royal
Development Projects Board, Bangkok.
Technical Bulletin No. 1999/2. 12 p.

Troung, P.N.V. and D. Baker. 1998. Vetiver grass
for stahilization of acid sulfate soil, pp.196-
198. In Proceedings of Second National
Conference on Acid Sulfate Soils, Coffs
Harbour, Sydney.

Walkley, A and C.A. Black. 1934. Anexamination
of the Degtjareff method for determining soil
organic matter and a proposed modification of
the chromic acid titration method. Soil Sci. 37

: 29-38.
Received date 01/11/01
Accepted date 28/12/01



