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PREFACE

The Vetiver System (VS) is dependent on the use of a very unique 
tropical plant, vetiver grass, Vetiveria zizanioides – recently 
reclassified as Chrysopogon zizanioides. The plant can be grown 
over a very wide range of climatic and soil conditions, and if planted 
correctly can be used virtually anywhere under tropical, semi-tropical, 
and Mediterranean climates.  It has characteristics that in totality are 
unique to a single species.  When vetiver grass is grown in the form 
of a narrow self-sustaining hedgerow it exhibits special characteristics 
that are essential to many of the different applications that comprise 
the Vetiver System.

Vetiver grass can be used for applications that will protect river basins 
and watersheds against environmental damage, particularly point 
source environmental problems relating to: 1. sediment flows and 2. 
excess nutrients, heavy metals and pesticides in leachate from toxic 
sources. The two major uses are closely linked.

This handbook is extracted from Vetiver Systems Applications - A 
Technical Reference Manual by Paul Truong, Tran Tan Van, and 
Elise Pinners, and focuses on water quality improvement through the 
prevention and treatment of contaminated land. It draws on ongoing 
Vetiver Systems work in Vietnam and elsewhere in the world. Its 
technical recommendations and observations are based on real life 
situations, problems and solutions. 

Dick Grimshaw
Founder and Chairman of The Vetiver Network International.



ii

FORWARD

Based on the review of the huge volume of research and application 
results of vetiver grass, the authors felt it was time to compile a newer 
version to replace the first World Bank published handbook (1987), 
Vetiver Grass - A Hedge Against Erosion (commonly known as the 
Green Book), prepared by John Greenfield. This handbook is one of 
three, and focuses on water quality mprovement through the prevention 
and treatment of contaminated land.

The handbook  includes the most up to date R&D results for those 
applications and examples of highly successful results around the 
world. The main aim of this handbook is to introduce VS to planners 
and design engineers and other potential users, who often are unaware 
of the effectiveness of the Vetiver System for the improvement of 
water quality, particularly that associated with effluent discharge and 
and leachate flows from contaminated lands - the latter often linked 
with the mining industry.

Details concerning the background of the authors and acknowledgments 
can be found in the master manual Vetiver Systems Applications - 
A Technical Reference Manual. It is suffice to say that we deeply 
acknowledge and appreciate all those involved in this handbooks 
production.

The principle author of this handbook is Paul Truong (Vetiver Network 
director responsible for Asia and the Pacific) who was associated 
with much of the research and development of the use of the Vetiver 
System for pollution mitigation in relation to waste water treatment 
and contaminated mining sites.

Paul Truong, Tran Tan Van and Elise Pinners,
The authors.
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1. INTRODUCTION

The Vetiver System (VS), which is based on the application of vetiver 
grass (Vetiveria zizanioides L Nash, now reclassified as Chrysopogon 
zizanioides L Roberty), was first developed by the World Bank for 
soil and water conservation in India in the mid 1980s. While this 
application still plays a vital role in agricultural land management, 
R&D conducted in the last 20 years has clearly demonstrated that, due 
to vetiver grass’ extraordinary characteristics, VS is now being used 
as a bioengineering technique for steep slope stabilization, wastewater 
disposal, phyto-remediation of contaminated land and water, and other 
environmental protection purposes. 

What does the Vetiver System do and how does it work? 
VS is a very simple, practical, inexpensive, low maintenance and 
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very effective means of soil and water conservation, sediment control, 
land stabilizations and rehabilitation, and phyto-remediation. Being 
vegetative it is also environmental friendly. When planted in single 
rows vetiver plants will form a hedge which is very effective in slowing 
and spreading run off water, reducing soil erosion, conserving soil 
moisture, and trapping sediment and farm chemicals on site. Although 
any hedges can do that, vetiver grass, due to its extraordinary and 
unique morphological and physiological characteristics mentioned 
below can do it better than all other systems tested. In addition, the 
extremely deep and massively thick root system of vetiver binds the 
soil and at the same time makes it very difficult for it to be dislodged 
under high velocity water flows. This very deep and fast growing root 
system also makes vetiver very drought tolerant and highly suitable 
for steep slope stabilization. 

The Extension Workers Manual, or the Little Green Book
Complementing this technical manual is the slim green extension 
workers pocket book first published be the World Bank in 1987 and 
referred to on page ii as Vetiver Grass - A Hedge Against Erosion, or 
more commonly known the “little green book” by John Greenfield. 
This handbook is far more technical in its description of the Vetiver 
System and is aimed at technicians, academics, planners and 
government officials, communities and companies who have to deal 
increasingly with problems relating to contaminated water and land 
and the disposal and treatment of urban and rural effluent.
 
2. SPECIAL CHARACTERISTICS OF VETIVER GRASS 

2.1 Morphological characteristics
• Vetiver grass does not have stolons or rhizomes. Its massive 

finely structured root system that can grow very fast, in some 
applications rooting depth can reach 3-4m in the first year. 
This deep root system makes vetiver plant extremely drought 
tolerant and difficult to dislodge by strong current. 

• Stiff and erect stems, which can stand up to relatively deep 
water flow - photo 1.

• Highly resistance to pests, diseases and fire - photo 2.
• A dense hedge is formed when planted close together acting as 
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a very effective sediment filter and water spreader. 
• New shoots develop from the underground crown making 

vetiver resistant to fire, frosts, traffic and heavy grazing 
pressure. 

• New roots grow from nodes when buried by trapped 
sediment. Vetiver will continue to grow up with the deposited 
silt eventually forming terraces, if trapped sediment is not 
removed. 

Photo 1: Erect and stiff stems form a dense hedge when planted close 
together.

2.2 Physiological characteristics 
• Tolerance to extreme climatic variation such as prolonged 

drought, flood, submergence and extreme temperature from 
-14ºC to +55ºC 

• Ability to re-grow very quickly after being affected by drought, 
frosts, salinity and adverse conditions after the weather 
improves or soil ameliorants added  

• Tolerance to wide range of soil pH from 3.3 to 12.5 without 
soil amendment. 

• High level of tolerance to herbicides and pesticides. 
• Highly efficient in absorbing dissolved nutrients such as N 
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and P and heavy metals in polluted water. 
• Highly tolerant to growing medium high in acidity, alkalinity, 

salinity, sodicity and magnesium. 
• Highly tolerant to Al, Mn and heavy metals such as As, Cd, 

Cr, Ni, Pb, Hg, Se and Zn in the soils. 

2.3 Ecological characteristics 
Although vetiver is very tolerant to some extreme soil and climatic 
conditions mentioned above as a typical tropical grass, it is intolerant 
to shading. Shading will reduce its growth and in extreme cases, may 
even eliminate vetiver in the long term. Therefore vetiver grows best 

Photo 2: Upper: Vetiver grass surviving forest fire; 
lower: two months after the fire.
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in an open and weed free environment. Note - weed control may be 
needed during establishment phase. On erodible or unstable ground 
vetiver first reduces erosion, stabilizes the erodible ground (particularly 
steep slopes), then because of nutrient and moisture conservation, 
improves its micro-environment so other volunteered or sown plants 
can establish later. Because of these characteristics vetiver can be 
considered as a nurse plant on disturbed lands,

Photo 3: On coastal sand dunes in Quang Bình (upper) 
and saline soil in Gò Công Province (lower).
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Photo 4: On extreme acid sulfate soil in Tân An (upper) 
and alkaline and sodic soil in Ninh Thun (lower).

2.4 Cold weather tolerance of vetiver grass 
Although vetiver is a tropical grass, it can survive and thrive under 
extremely cold conditions. Under frosty weather its top growth dies 
back or becomes dormant and ‘purple’ in colour under frost conditions 
but its underground growing points survived. In Australia, vetiver 
growth was not affected by severe frost at –14ºC and it survived for 
a short period at –22ºC (-8ºF) in northern China. In Georgia (USA), 
vetiver survived in soil temperature of -10ºC but not at –15ºC. Recent 
research showed that 25ºC was optimal soil temperature for root growth, 
but vetiver roots continued to grow at 13ºC. Although very little shoot 
growth occurred at the soil temperature range of 15ºC (day) and 13ºC 
root growth continued at the rate of 12.6cm/day, indicating that vetiver 
grass was not dormant at this temperature and extrapolation suggested 
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that root dormancy occurred at about 5ºC - figure1. 

Figure 1: The effect of soil temperature on the root growth of vetiver

2.5 Summary adaptability range

Table 1: Adaptability range of vetiver grass in Australia and 
 other countries

Continued on next page ...

Condition Characteristic Australia  Other 
Countries

Adverse Soil Conditions

Acidity (pH) 3.3-9.5 4.2-12.5 (high 
level soluble Al)

Salinity (50% yield 
reduction)

17.5 mScm-1   

Salinity (survived) 47.5 mScm-1

Aluminium level (Al 
Sat. %)

Between 68% - 87%

Manganese level > 578 mgkg-1
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Sodicity 48% (exchange Na)

Magnesicity 2400 mgkg-1 (Mg)

Fertilizer

vetiver can be 
established on very 
infertile soil due to its 
strong association with 
mycorrhiza

N and P 
(300 kg/ha DAP)

N and P, farm 
manure

Heavy Metals

Arsenic (As) 100 - 250 mgkg-1

Cadmium (Cd) 20 mgkg-1

Copper (Cu) 35 - 50 mgkg-1

Chromium (Cr) 200 - 600 mgkg-1

Nickel  (Ni) 50 - 100 mgkg-1

Mercury (Hg) > 6 mgkg-1

Lead (Pb) > 1500 mgkg-1

Selenium (Se) > 74 mgkg-1

Zinc (Zn) >750 mgkg-1

Location 150S to 370S 410N - 380S
Climate

Annual Rainfall (mm) 450 - 4000 250 - 5000

Frost (ground temp.) -110C -220C

Heat wave 450C 550C

Drought (no effective 
rain)

15 months

Palatability Dairy cows, cattle, 
horse, rabbits, sheep, 

kangaroo

Cows, cattle, 
goats, sheep, 

pigs, carp

Nutritional Value N = 1.1 % Crude protein 
3.3%

P = 0.17% Crude fat 0.4%

K = 2.2%  Crude fibre 
7.1%
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Genotypes: VVZ008-18, Ohito, and Taiwan, the latter two are basically the 
same as Sunshine. Temperature treatments: day 15ºC /night 13ºC. (PC: YW 
Wang).

2.6 Genetic characteristics
Three vetiver species are used for environmental protection purposes. 

2.6.1 Vetiveria zizanioides reclassified as Chrysopogon zizanioides. 
There are two species of vetiver originating in the Indian subcontinent: 
Chrysopogon zizanioides and Chrysopogon lawsonii. Chrysopogon 
zizanioides has many different accessions.  Generally those from south 
India have been cultivated and have large and strong root systems.  
These accessions tend towards polyploidy and show high levels of 
sterility and are not considered invasive. The north Indian accessions, 
common to the Gangetic and Indus basins, are wild and have weaker 
root systems.  These accessions are diploids and are known to be weedy, 
though not necessarily invasive.  These north Indian accessions are 
NOT recommended under the Vetiver System.  It should also be noted 
that most of the research into different vetiver applications and field 
experience have involved the south Indian cultivars that are closely 
related (same genotype) to Monto and Sunshine.  DNA studies confirm 
that about 60% of Chrysopogon zizanioides used for bio-engineering 
and phytoremediation in tropical and subtropical countries are of the 
Monto/Sunshine genotype.

2.6.2 Chrysopogon nemoralis 
This native vetiver species are wide spread in the highlands of Thailand, 
Laos, and Vietnam and most likely in Cambodia and Myanmar as 
well. It is being widely used in Thailand for thatching purpose. This 
species is not sterile; the main differences between C. nemoralis and 
C. zizanioides, are that the latter is much taller and has thicker and stiff 
er stems, C. zizanioides has a much thicker and deeper root system and 
its leaves are broader and has a light green area along the mid ribs, as 
shown on the photos below - photos 5-8.
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Photo 5: Vetiver leaves, upper: C. zizanioides, lower: C. nemoralis.

Photo 6: Difference between C. zizanioides (upper) and C. nemoralis 
roots (lower).
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Photo 7: Vetiver shoots, upper: C. nemoralis, lower: C. zizanioides.
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Photo 8: Vetiver roots when grown in soil (upper)
 and when grown suspended in water (lower).
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Although C. nemoralis is not as effective as C. zizanioides, farmers have 
also recognized the usefulness of C. nemoralis in soil conservation; 
they have used it  in the Central Highlands as well as in some coastal 
provinces of Central Vietnam such as Quang Ngai to stabilize dikes in 
rice fields, - photo 9.

Photo 9: C. nemoralis on a rice field bund in Quang Ngai 
(upper) and growing wild in the Central Highlands (lower).

2.6.3 .Chrysopogon nigritana
This species is native to Southern and West Africa, its application is 
mainly restricted to  the sub continent, and as it produces viable seeds 
its application should be restricted to their home lands - photo10.
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Photo 10: Chrysopogon nigritana in Mali, West Africa.

2.7 Weed potential
Vetiver grass cultivars derived from south Indian accessions are non-
aggressive; they produce neither stolons nor rhizomes and have to be 
established vegetatively by root (crown) subdivisions. It is imperative 
that any plants used for bioengineering purposes will not become a 
weed in the local environment; therefore sterile vetiver cultivars (such 
as Monto, Sunshine, Karnataka, Fiji and Madupatty) from south Indian 
accessions are ideal for this application. In Fiji, where vetiver grass was 
introduced for thatching more than 100 years ago; it has been widely 
used for soil and water conservation purposes in the sugar industry for 
over 50 years without showing any signs of invasiveness. Vetiver grass 
can be destroyed easily either by spraying with glyphosate (Roundup) 
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or by cutting off the plant below the crown.

3. CONCLUSION

Due to C. nemoralis low growth forms and most importantly very 
short root system it is not suitable for steep slope stabilization works. 
In addition, no research has been conducted on its wastewater disposal 
and treatment, and phyto-remediation capacities, it is recommended 
that only C. zizanioides be used for applications listed in this manual.
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1. INTRODUCTION

Since most major applications require a large number of plants, 
the quality of the planting material is important the successful 
application of the Vetiver System (VS). This requires nurseries 
capable of producing large quantities of high quality, low cost plant 
materials. The exclusive use of only sterile vetiver cultivars (C. 
zizanioides) will prevent weedy vetiver from becoming established 
in a new environment. DNA tests prove that the sterile vetiver 
cultivar used around the world is genetically similar to Sunshine and 
Monto cultivars, both of which originate in southern India. Given its 
sterility, this vetiver must be propagated vegetatively.
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2. VETIVER NURSERY 

Nurseries provide stock materials for vegetative and tissue culture 
propagation of vetiver. The following criteria will facilitate the 
establishment of productive, easily managed vetiver nurseries: 

• Soil type: Sandy loam nursery beds ensure easy harvesting 
and minimal damage to plant crowns and roots. Although clay 
loam is acceptable, heavy clay is not.  

• Topography: Slightly sloping land avoids water-logging in 
case of over watering. Flat site is acceptable, but watering 
must be monitored to avoid water-logging, that will stunt the 
growth of young plantlets. Mature vetiver, however, thrives 
under waterlogged conditions.

• Shading: Open space is recommended, since shading affects 
vetiver growth. Partially shaded areas are acceptable. Vetiver 
is a C4 plant and likes plenty of sun.

• Planting layout: Vetiver should be planted in long, neat rows 
across the slope for easy mechanical harvesting.  

• Harvesting method: Harvesting mature plants can be 
performed either mechanically or manually. A machine should 
uproot the mature stock 20-25cm (8-10’’) below ground. To 
avoid damaging the plant crown use a single blade mouldboard 
plough or a disc plough with special adjustment.

• Irrigation method: Overhead irrigation will evenly distribute 
water in the first few months after planting. More mature 
plants welcome flood irrigation.  

• Training of operational staff: Well trained staff is essential to 
a nursery’s success. 

• Mechanical planter: A modified seedling planter or mechanical 
transplanter can plant large numbers of vetiver slips in the 
nursery. 

• Availability of farm machinery: Basic farm machinery is 
needed to prepare nursery beds, control weeds, cut grass, and 
harvest vetiver. 
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Photo 1: Upper: Machine planting; lower: manual planting.

3. METHODS OF PROPAGATION  

The four common ways to propagate vetiver are: 
• Splitting mature tillers from vetiver clump or mother plants, 

which yields bare root slips for immediate planting or 
propagating in polybags. 

• Using various parts of a mother vetiver plant. 
• Bud multiplication or in vitro micro propagation for large 

scale propagation 
• Tissue culture, usi.ng a small part of the plant to propagate on 

a large scale.
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3.1 Splitting mature plants to produce bare root slips  
Splitting tillers from a mother clump requires care, so that each slip 
includes at least two to three tillers (shoots) and a part of the crown. 
After separation, the slips should be cut back to 20 cm (8’’) length  
- figure 1. The resulting bare root slips can be dipped in various 
treatments, including rooting hormones, manure slurry (cow or horse 
tea), clay mud, or simple shallow water pools, until new roots appear. 
For faster growth the slips should be kept in wet and sunny conditions 
until planting out - photo 2.

Figure 1: How to split vetiver slips.

3.2 Propagating vetiver from plant parts
Three parts of the vetiver plant are used for propagation - photos 3 & 
4:  

• Tillers or shoots.
• Crown (corm), the hard part of the plant between the shoots  
 and the roots.  
• Culms. 

A culm is the stem or stalk of a grass. The vetiver culm is solid, stiff, 
and hard; it has prominent nodes with lateral buds that can form roots 
and shoots when exposed to moist conditions. Laying or standing, cut 
pieces of culms under mist or on moist sand will cause roots or
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Photo 2: Bare root slips ready for planting out (upper); 
being dipped in clay mud or manure slurry - cow tea (lower).

shoots to develop rapidly at each node. Le Van Du, Agro-Forestry 
University, Ho Chi Minh City, developed the following four-step 
method of propagating vetiver from cuttings:

• Prepare vetiver cuttings.  
• Spray the cuttings with a 10% water hyacinth solution.

Use plastic bags to cover the cuttings completely, and leave it • 
alone for 24 hours.

• Dip in clay mud or manure slurry, and plant in a good bed.
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3.2.1 Preparing vetiver cutting

Photo 3: Old tillers (left) and young tillers (right).

Vetiver culms:
Select old culms, which have more mature buds and more nodes 
than young ones. Cut culms in 30-50mm (1-2’’) lengths, including 
10-20mm (4-8’’) below the nodes, and strip off the old leaf covers. 
Expect new shoots to emerge about one week after planting.  

Vetiver tillers: 
• Select mature tillers with at least three or four well-developed 

leaves.
• Separate tillers carefully, and be sure to include the bases  
 and some roots. 
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Photo 4: Vetiver crown or corms (upper) and pieces of 
vetiver culms with nodes (lower).

Vetiver crown or corms:
The crown (corm) is the base of a mature vetiver plant from which 
new shoots sprout. Use only the top part of the mature crown.

3.2.2   Preparing water hyacinth solution 
Water Hyacinth solution contains many hormones and growth regulators, 
including gibberellic acid and many Indol-Acetic compounds (IAA). 
To prepare rooting hormone from Water Hyacinth:

• Remove Water Hyacinth plants from lakes or canals.  
• Put plants into 20 litre plastic bag, and tie it closed. 
• Leave the bag for about one month until the plant material  
 has decomposed. 
• Discard the solid parts and keep only the solution.
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• Strain the solution and maintain in a cool place until use. 

Photo 5: Spraying cuttings with 10% water hyacinth 
solution (upper) and cover cuttings completely with 

plastic bags, and leave them for 24 hours (lower).

3.2.3 Treatment and planting 
3.2.4 Advantages of using bare root slips and culm slips  
Advantages:

• Efficient, economic, and a quick way to prepare the planting  
 material.  
• Small volume results in lower transportation cost.
• Easy to plant by hand.  
• Large numbers can be mechanically planted in large areas. 

Disadvantages:
• Vulnerable to drying and extreme temperatures.
• Limited on-site storage time.
• Requires planting in moist soil. 
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• Needs frequent irrigation in the first few weeks
• Recommended for good nursery sites with easy access to  
 irrigation.

Photo 6: Plant with manure (upper), in a good nursery bed (lower).

3.3 Bud multiplication or micro propagation 
Dr. Le Van Be of Can Tho University, Can Tho City, Vietnam has 
developed a very practical and simple method to multiply buds (Lê 
Van Bé et al, 2006). His protocol consists of four micro-propagation 
stages, all in liquid medium:

• Inducing lateral bud development.
• Multiplying new shoots.  
• Promoting root development on new shoots.  
• Promoting growth in shade house or glasshouse.
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3.4 Tissue culture   
Tissue culture is another way to propagate vetiver planting materials 
in quantity, using special tissues (root tip, young flower inflorescence, 
nodal bud tissues) of the vetiver plant. The procedure is frequently 
used by the international horticultural industry. Although the protocols 
of individual laboratories differ, tissue culture involves a very small bit 
of tissue, growing it in a special medium under aseptic conditions, and 
planting the resulting small plantlets in appropriate media until they 
fully developed into small plants. More details are found in Truong 
(2006).  

4. PREPARING PLANTING MATERIAL

To increase the establishment rate under hostile conditions, when the 
plantlets produced by the above methods are mature enough or bare 
root slips are ready, they can be prepared for planting out by:  

• polybags or tubestock. 
• planting strip. 

4.1 Polybags or tube stock 
Plantlets and bare root slips are planted in small pots or small plastic 
bags containing half soil and half potting mix and maintained in the 
containers for three to six weeks, depending on the temperature. When 
at least three new tillers (shoots) appear, the plantlets are ready to be 
planted.

4.2 Planting strip  
Planting strips are a modified form of polybags. Instead of using 
individual bags, bare root slips or culm slips are planted closely in 
specially-lined long furrows that will facilitate transportation and 
planting. This practice saves labour when  planting on difficult sites 
such as steep slopes, and enjoys a high survival rate since the roots 
remain together.
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Photo 7: Bare root slips and tube stock (upper left), putting plants into 
polybags (upper  right )and polybagged plants ready for planting (lower). 

4.2.1 Advantages and disadvantages of polybags and planting strips 
Advantages:

• Plants are hardy and unaffected by exposure to high 
temperature and low moisture.

• Lower irrigation frequency after planting.
• Faster establishment and growth after planting. 
• Can remain on site for longer before being planted. 
• Recommended for harsh and hostile conditions.

Disadvantages:
• More expensive to produce. 
• Preparation requires a longer period to prepare, four to five 

weeks or longer. 
• Transporting large volume and increased weight is   
 expensive.  
• Increased maintenance cost following delivery, if not planted 

within a week.
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Photo 8: Planting strips (upper) in containers and removed 
from containers (middle), and ready to be planted (lower).
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5. NURSERIES IN VIETNAM 

Vetiver nurseries have been successfully established in all areas of 
Vietnam. 

Photo 9: In the south, upper: Can Tho University; 
lower: An Giang province. 
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Photo 10: In the centre south, in Quang Ngai (upper) 
and Binh Phuoc (lower).
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Photo 11: In the north, in Bac Ninh (upper)
 and Bac Giang (lower).
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1. INTRODUCTION

In the course of researching the application of its extraordinary 
attributes to soil and water conservation, vetiver was also found to 
possess unique physiological and morphological characteristics 
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particularly well suited for environmental protection, particularly 
in the prevention and treatment of contaminated water and land. 
These remarkable characteristics include a high level of tolerance to 
elevated and even toxic levels of salinity, acidity, alkalinity, sodicity, 
and a whole range of heavy metals and agrochemicals, as well as 
exceptional ability to absorb and tolerate elevated levels of nutrients 
to consume large quantities of water in the process of producing a 
massive growth under wet conditions.

Applying the Vetiver System (VS) to wastewater treatment is 
an innovative phytoremediation technology that has tremendous 
potential. VS is a natural, green, simple, practicable and cost-effective 
solution. Most importantly, vetiver’s leaf by-product offers a range 
of uses from handicrafts, animal feeds, thatches, mulch and fuel, to 
name just a few. 

Its effectiveness, simplicity and low cost makes the Vetiver System a 
welcome partner in the many tropical and subtropical countries that 
provide domestic, municipal and industrial wastewater treatment and 
require mine phytoremediation and rehabilitation.

2. HOW THE VETIVER SYSTEM WORKS

VS prevents and treats contaminated water and soil in the following 
ways:

Preventing and treating contaminated water: 
• Eliminating or reducing the volume of wastewater.  
• Improving the quality of wastewater and polluted water.

Preventing and treating contaminated land: 
• Controlling off site pollution.
• Phytoremediation of contaminated land.
• Trapping eroded materials and trash in runoff water.
• Absorbing heavy metals and other pollutants.
• Treating nutrients and other pollutants in wastewater.  
 leachate.
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3. SPECIAL FEATURES SUITABLE FOR ENVIRON-
MENTAL PROTECTION PURPOSES 

As addressed in Part 1, several of vetiver’s special characteristics are 
directly applicable to wastewater treatment, among them the following 
morphological and physiological attributes:

3.1 Morphological attributes 

Photo 1: Morphological characteristics of vetiver.

• Vetiver grass has a massive, deep, fast-growing root system 
 capable of reaching 3.6m deep in 12 months in good soil. 
• Its deep roots ensure great tolerance to drought, allow excellent 

infiltration of soil moisture, penetrate compacted soil layers 
(hard pans), thus enhancing deep drainage.

• Most of the roots in vetiver’s massive root system are very fine, 
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with average diameter 0.5-1.0mm (Cheng et al, 2003).  This 
provides an enormous volume of rhizosphere for bacterial and 
fungal growth and multiplication, thus enabling absorption of 
contaminants and break down processes such as nitrification.

• Vetiver’s erect, stiff shoots can grow to three meters (nine 
feet).  When planted close together they form a living porous 
barrier that retards water flow and acts as an effective bio-
filter, trapping both fine and coarse sediment, and even rocks 
in runoff water - photo 1.

3.2 Physiological attributes
• Highly tolerant to soil high in acidity, alkalinity, salinity, 

sodicity and magnesium.

Figure 1: Higher capacity for the uptake of 
N and P than other plants.



36

• Highly tolerant to Al, Mn, and heavy metals such as As, Cd, 
 Cr, Ni, Pb, Hg, Se and Zn in the soil and water (Truong and 

Baker, 1998).
• Highly efficient in absorbing dissolved N and P in polluted 

water - figure 1.
• Highly tolerant to high levels of N and P nutrients in the soil 

- figure 2.
• Highly tolerant to herbicides and pesticides.
• Breaks down organic compounds associated with herbicides 

and pesticides. 
• Regenerates rapidly following drought, frost, fire, saline and 

other adverse conditions, once those adverse conditions are 
mitigated. 

Figure 2: High level of tolerance to and capacity
 to absorb P and N.
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4. PREVENTION AND TREATMENT OF 
 CONTAMINATED WATER

Extensive R&D and Applications in Australia, China, Thailand and 
other countries have established that vetiver is highly effective in 
treating polluted wastewater from domestic and industrial discharges.

4.1 Reducing or eliminating the volume of wastewater 
Vegetative methods currently are the only feasible and practicable 
way to totally eliminate or reduce wastewater on a large scale.  In 
Australia, vetiver has largely displaced trees and pasture species as 
the most effective way to treat and dispose of landfill leachate, and 
domestic and industrial effluent. 

Photo 2: Vetiver cleaned up blue green algae in four days (left) sewage 
effluent containing high Nitrate (100 mg/L) and Phosphate (10 mg/L). 
(right) sewage effluent after four days: VS reduced N level to 6 mg/L 

(94%) and P to 1 mg/L (90%).

To quantify the water use rate of vetiver, it is estimated that for 1kg 
of dry shoot biomass under ideal glasshouse conditions, vetiver will 
use 6.86L/day.  Since the biomass of 12-week-old vetiver, at the peak 
of its growth cycle, is about 30.7 t/ha, a hectare of vetiver potentially 
would use 279KL/ha/day (Truong and Smeal, 2003). 

4.1.1 Disposal of septic effluent
In 1996, VS was first applied in Australia to treat sewage effluent.  
Later trials demonstrated that planting about 100 vetiver plants in a 
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park area less than 50m2 completely dried up the effluent discharge 
from a toilet block.  Other plants, including fast-growing tropical 
grasses and trees, and crops such as sugar cane and banana, failed 
(Truong and Hart, 2001).

4.1.2 Disposal of landfill leachate
Disposal of landfill leachate is a large problem in major cities, since it 
is usually highly contaminated with heavy metals, as well as organic 
and inorganic pollutants. Australia and China have addressed this 
problem by using leachate collected at the bottom of the dumps to 
irrigate vetiver planted on the top of the landfill mound and retaining 
dam walls.  Results to date have been excellent.  In fact, vetiver’s 
growth was so vigorous that, during the dry period, the landfills did 
not generate enough leachate to irrigate the plants. Planting 3.5ha of 
vetiver effectively disposed of 4 ML of leachate a month in summer 
and 2 ML a month in winter (Percy and Truong, 2005). 

4.1.3 Disposal of industrial wastewater 
In Queensland, Australia, a large volume of industrial wastewater 
generated by a food processing facility (1.4 million litres/day) and 
a beef abattoir (1.4 million litres/day) was successfully dispersed by 
land irrigation using vetiver (Smeal et al, 2003).
 
4.2 Improving wastewater quality 
Off-site pollution is the greatest threat to the world environment.  
Although widespread in industrialized nations, it is particularly 
serious in developing countries, which often lack sufficient resources 
to mitigate the problem. Vegetative methods are generally the most 
accessible and efficient ways to improve water quality.
  
4.2.1 Trapping debris, sediment and agro-chemicals in agricultural 
lands 
In Australia research studies conducted on sugar cane and cotton farms 
show that vetiver hedges effectively trap particulate-bound nutrients 
such as P and Ca; herbicides such as diuron, trifluralin, prometryn, 
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and fluometuron; and pesticides such as α, β and sulfate endosulfan 
and chlorpyrifos, parathion, and profenofos. If vetiver hedges were 
established across drainage lines, these nutrients and agrochemicals 
could be retained on-site (Truong et al. 2000) - figure 3. 

An experiment conducted in Thailand at the Huai Sai Royal 
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Development Study Centre, Phetchaburi Province, shows that vetiver 
contour hedgerows planted across the slope form a living dam while, 
at the same time, its root system forms an underground barrier that 
prevents water-borne pesticide residues and other toxic substances 
from flowing into the water body below. Thick culms just above the 
soil surface also collect debris and soil particles carried along the 
waterway (Chomchalow, 2006). 

4.2.2 Absorbing and tolerating pollutants and heavy metal 
Vetiver’s usefulness in treating polluted water lies in its capacity 
to quickly absorb nutrients and heavy metals, and its tolerance to 
elevated levels of these elements. Although the concentrations of 
these elements in vetiver plants are often not as high as those of 
hyper-accumulators, its very fast growth and high yield (dry matter 
production up to 100t/ha/year) allows vetiver to remove a much higher 
volume of nutrients and heavy metals from contaminated lands than 
most hyper-accumulators.  

Photo 3: Erosion control and wastewater treatment at a freshwater fish 
farm in the Mekong Delta.

In Southern Vietnam, a demonstration trial was set up at a seafood 
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processing factory to determine the length of time that effluent should 
remain in the vetiver field before its nitrate and phosphate concentrations 
were reduced to acceptable levels. Test results showed that total N 
content in wastewater was reduced by 88% and 91% after 48 and 72 
hours of treatment, respectively, while the total P was reduced by 80% 
and 82% after 48 and 72 hours of treatment. The total amount of N and 
P removed in 48 and 72 hour treatments were not significantly different 
(Luu et al, 2006). Following these tests, a number of fish farms in the 
Mekong Delta adopted the VS to stabilize fishpond dikes, to purify 
fishpond water, and to treat other farm wastewater - photo 3.

Photo 4: Upper: Vetiver at Bac Ninh; lower: at Bac Giang.

In northern Vietnam, wastewater discharged from a small paper factory 
at Bac Ninh and a small nitrogen fertilizer factory at Bac Giang is as 
highly polluted with nutrients and chemicals as landfill leachate. The 
factories release their wastewater directly into a small river in the Red 
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River Delta.  Installed at both sites, vetiver became well established 
after two months.  At this writing, the grass at the paper factory at Bac 
Ninh is generally in good shape, except for a few sections next to the 
polluted water, where it shows symptoms of toxicity. On the other 
hand, despite the highly polluted conditions, vetiver is established and 
growing well at the nitrogen fertilizer factory at Bac Giang.  Excellent 
growth has been recorded for this site under semi-wetland conditions, 
where vetiver is expected to reduce pollutant levels significantly - 
photo 4.

Figure 4: Effectiveness of Nitrogen reduction in domestic sewage.

In Australia, five rows of vetiver were sub-surface irrigated with 
effluent discharge from a septic tank. After five months, total N levels 
in the seepage collected after two rows were reduced by 83%, and 
after five rows by 99%. Similarly, total P levels were reduced by 82% 
and 85%, respectively (Truong and Hart, 2001) - figure 4. 

In China, nutrients and heavy metals from pig farms are key sources of 
water pollution. Wastewater from pig farms contains very high levels 
of N and P and also Cu and Zn, which are added to feed as growth 
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promoters. Results show that vetiver has a very strong purifying 
action. Its ratio of uptake and purification of Cu and Zn is >90%; 
As and N>75%; Pb is between 30% -71% and P is between 15-58%. 
Vetiver’s ability to purify heavy metals and N and P from pig farms is 
ranked as: Zn>Cu>As>N>Pb>Hg>P (Liao et al, 2003).
Photo 5: Upper: Vetiver wetland;  lower: leachate disposal in Australia.

4.2.3 Wetlands 
Natural and constructed wetlands effectively reduce the amount 
of contaminants in runoff from both agricultural and industrial 
lands. Using wetlands to remove pollutants requires the use of a 
complex variety of biological processes, including microbiological 
transformations and physio-chemical processes such as adsorption, 
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precipitation or sedimentation, plants such as Iris pseudacorus, Typha 
spp, Schoenoplectus validus, and Phragmites australis. At an average 
consumption rate of 600 ml/day/pot over 60 days, vetiver used 7.5 
times more water than Typha (Cull et al. 2000).  A wetland was 
constructed to treat sewage effluent generated by a small rural town. 
The project’s goal was to reduce or eliminate the 500ML/day effluent 
produced by this small town before discharge into the waterways  
(Photo 5). Astonishingly, the vetiver wetland has absorbed all the 
effluent produced by this small town (Ash and Truong, 2003). Table 1. 
Under wetland conditions in Australia, vetiver had the highest water 
use rate, when compared with wetland.

Table 1: Effluent quality levels before and after vetiver 
treatment.

*License requirements 

China raises the most pigs in the world. In 1998, Guangdong Province 
alone supported more than 1600 pig farms; 130+ farms produced more 
than 10,000 commercial pigs annually. Large piggeries produce 100-
150 tons of wastewater per day, including pig manure collected from 
slatted floors, which contain high nutrient loads. Consequently, the 
Photo 6: Upper: Vetiver pontoon in pig farm ponds in Bien Hoa; lower: in 

Tests Fresh influent 
(mg/l)

Results 
2002/03 (mg/l)

Results 2004

(mg/l)
PH (6.5 to 8.5)* pH 7.3-8.0 pH 9.0-10.0 pH 7.6-9.2

Dissolved Oxygen 
(2.0mg/l min.)* 

0-2 12.5-20 8.1-9.2

5 Day BOD (20 
-40 mg/l max)* 

130-300 29 to 70 1-7

Suspended solids 
(30-60 mg/l max)* 

200-500 45 to 140 11-16

Total Nitrogen (6.0 
mg/l max) * 

30-80 13 to 20 4.1-5.7

Total Phosphorous 
(3.0 mg/l max) * 

10-20 4.6 to 8.8 1.4-3.3
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Guangzhou, China.

disposal of wastewater from pig farms is a huge problem. Wetlands are 
considered to be the most efficient way to reduce both the volume and 
high nutrient loads of piggery effluent. To determine the plants best 
suited for the wetland system, vetiver was included in test of the most 
promising dozen species, which initially ranked the top three as vetiver, 
Cyperus alternifolius, and Cyperus exaltatus. However, further testing 
revealed that Cyperus exaltatus wilted and became dormant during 
autumn, rejuvenating in the next spring. Since effective wastewater 
treatment requires year-round growth, only vetiver and Cyperus 
alternifolius were determined to be suitable for wetland treatment of 
piggery effluent (Liao, 2000) - photo 6.

In Thailand very solid research has been conducted in the last few years 
on the application of VS to treat wastewater in constructed wetlands. 
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One study used three ecotypes of vetiver (Monto, Surat Thani, and 
Songkhla 3) to treat wastewater from a tapioca flour mill, employing 
two treatment systems: (a) holding wastewater in a vetiver wetland 
for two weeks and then draining it, and (b) holding wastewater in a 
vetiver wetland for one week and then draining it off continuously 
for a total of three weeks.  In both systems Monto displayed the most 
rapid growth of shoot, root, and biomass, and absorbed the highest 
levels of P, K, Mn and Cu in the shoot and root (Mg, Ca and Fe in the 
root, and Zn and N in the shoot). Surat Thani absorbed the highest 
levels of Mg in the shoot and Zn in the root, and Songkhla 3 absorbed 
the highest levels of Ca, Fe in the shoot, and N in the root maximally 
(Chomchalow, 2006, cit. Techapinyawat 2005). 

4.2.4 Computer modelling for industrial wastewater 
Computer models have become increasingly indispensable tools 
to manage environmental systems, including complex wastewater 
management plans such as industrial wastewater disposal.  In 
Queensland, Australia, the Environmental Protection Authority has 
adopted MEDLI (Model for Effluent Disposal using Land Irrigation) 
as a basic model for industrial wastewater management. The most 
significant recent development in the use of VS for wastewater 
disposal is vetiver’s MEDLI calibration for nutrient uptake and effluent 
irrigation (Vieritz, et al., 2003), (Truong, et al., 2003a), (Wagner, et al., 
2003), (Smeal, et al., 2003). 

4.2.5  Computer modelling for domestic wastewater 
A computer model was developed recently in sub-tropical Australia 
to estimate the vetiver planting area needed to dispose of the total 
black and grey water output from each house. For example, a vetiver 
planting area of 77m2, at density of 5 plants/m2, is required to serve a 
household with six people, based on an output of 120L/person/day. 

4.2.6 Future trend 
As water shortages loom worldwide, wastewater should be considered 
as a renewable resource rather than as a problem that requires disposal. 
The current trend is to recycle wastewater for industrial and domestic 
use instead of disposing of it. Therefore, VS’ potential as a simple, 
hygienic and low cost way to treat and recycle wastewater resulting 
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from human activities is enormous - figure 5.

A most exciting development in wastewater treatment is vetiver’s use 
in soil-based reed beds. In this new application, output water quality 
and quantity can be adjusted to satisfy a set standard. GELITA APA, 
Australia is developing and testing this system.  Full details of this 
system are found in (Smeal et al. 2006) - figure 6.

Figure 5: Layout of a domestic disposal system.

Figure 6: Workings of a typical reed bed.
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4.3 Case Study: Watts Field Airfield
This case study clearly illustrates the effectiveness of the VS in 
disposing/treating wastewater effluent from a small business.

 is a small recreational airfield located 150km northwest of Brisbane, 
Queensland, Australia. In addition to the public facilities, there are a 
number of hangars and small houses. As the site is located relatively 
close proximity to Lake Wivenhoe, which supplies drinking water 
to Brisbane, the development approval conditions are very strict 
regarding the disposal/treatment of wastewater effluent from the 
airfield. As most of the activities occur at the weekend, the average 
daily output as shown below is relative low. 
• Maximum Input: 50kL/month i.e. 1 670L/day.
• Total N level: 100-26 mg/L, averaging 68mg/L.
• Total P:19-2.3 mg/L, averaging 10.6mg/L.

Because of this low output, it is not economical to install a conventional 
tertiary treatment plant. The airfield management opted for the vetiver 
phytoremedial method and submitted the proposal to the authority 
and EPA. After careful consideration, the proposal was provisionally 
approved. The Vetiver treatment process was installed and finally and 
officially approved after 3 year monitoring of ground water quality.

The following series of photos will summarise the project and its 
outcome.

 Planting Design:
-  8 rows of vetiver
-  10m long each
-  Inter-row spacing 1m
-  Plant spacing 5/m
-  Total plants 400
-  Gravel trench 60cm deep
-  Land area 100 sqm
-  Bund wall W54 X H30cm
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Figure 7. Treatment design layout.
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Photo 6: First year: The first 5 rows had excellent growth, but the last 3 
rows were very poor due to lack of effluent.  
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Photo 7: Third year: Excellent growth, exceeding 2m before cutting 
(above), and after cutting (below).
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Photo 8: Third year: View of dense cut hedgerows that slow down and 
take up waste water.
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Photo 9: Location of monitoring wells and nutrient levels.

Table 2: Summary of effluent Input/Output data

DATA INPUT OUTPUT
Average daily flow 1 670L Almost Nil*
Average total N 68mg/L 0.095mg/L
Average total P 10.6mg/L 0.138mg/L
Average Faecal Coliform 8 000 <10
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5. PHYTOREMEDIATION AND REHABILITATION OF 
CONTAMINATED LANDS

Among the most significant developments in environmental protection 
within the last 15 years are Vetiver’s documented tolerances to adverse 
soil conditions and to heavy metal toxicities. These benchmarks have 
opened up a new field for VS application: the rehabilitation of toxic 
and contaminated lands, including mining and industrial wastes.

5.1 Vetiver Grass Special Characteristics Suitable for Mine 
Site Rehabilitation:

The unique characteristics of vetiver suitable for • 
phytoremediation and rehabilitation of contaminated lands can 
be summarized as:
Tolerance to high Acidity, • Aluminium and Manganese 
toxicities: Vetiver growth was not affected under extremely 
acidic conditions (pH = 3.0) and at a very high level of soil 
Aluminium Saturation Percentage between 83-87%. In addition 
vetiver can tolerate extractable manganese in the soil higher 
than 578 mgKg-1, and plant manganese content was as high as 
890 mgKg-1 - photos 3 and 4.
Tolerance to • high soil salinity: With the salinity threshold level 
at  ECse = 8 dSm-1 vetiver grass compares favorably with 
some of the most salt tolerant crop and pasture species grown 
in Australia such as Bermuda Grass (Cynodon dactylon) with 
threshold at 6.9 dSm-1; Rhodes Grass (Chloris guyana) at 7.0 
dSm-1; Wheat Grass (Thynopyron elongatum) at 7.5 dSm-1 
and barley (Hordeum vulgare) at 7.7 dSm-1 - photo 5.
Tolerance to • high soil sodicity with adequate supply of N 
and P vetiver grew satisfactorily on Na bentonite tailings 
with Exchangeable Sodium Percentage of 48% and a 
coalmine overburden with an exchangeable sodium level of 
33%. Moreover the sodicity of this overburden was further 
exacerbated by the very high level of magnesium (2400 
mgKg-1) compared to calcium (1200 mgKg-1). 
Tolerance to • heavy metals: table 1 shows that vetiver is highly 
tolerant to As, Cd, Cr, Cu, Hg, Ni, Pb, Se and Zn. 
Distribution of heavy metals: the • distribution of heavy metals 
in Vetiver can be divided into three groups:
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Very little of the As, Cd, Cr and Hg absorbed were • 
translocated to the shoots (1% to 5%).
A moderate proportion of Cu, Pb, Ni and Se were • 
translocated (16% to 33%) to the top.
Zn was almost evenly distributed between shoot and • 
root (40% (Truong, 2004). 

Table 1: Threshold levels of heavy metals to vetiver growth as 
compared with other species

Heavy Metals Threshold levels in soil 
(mgKg-1)(a)

Threshold levels in plant 
(mgKg-1)

Vetiver Other plants (b) Vetiver Other plants (c)

Arsenic 100-250 2 21-72 1-10
Cadmium 20-60 1.5 45-48 5-20
Copper 50-100 Not available 13-15 15
Chromium 200-600 Not available 5-18 0.02-0.20
Lead >1500 Not available >78 Not available
Mercury >6 Not available >0.12 Not available
Nickel 100 7-10 347 10-30
Selenium >74 2-14 >11 Not available
Zinc >750 Not available 880 Not available

Photo 3: Vetiver growth was unaffected at pH=3.3 and at extremely high 
Mn level of 578 mg/kg under field conditions.
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Photo 4: Vetiver thrives at soil pH=3.8 and Al saturation of 68% and 
87%.

Photo 5: Vetiver tolerates high soil salinity.  Note 3rd pot from left repre-
sents half the salinity of sea water.

5.2 Application of VS in Mine Rehabilitation and Phytoremediation
With the above extraordinary characteristics, vetiver grass has been 
used successfully for mine waste rehabilitation and phytoremediation 
of mine tailings in Australia, Chile, China, South Africa, Thailand and 
Venezuela.

5.2.1 Coal mines
In Australia, the substrate of a 23 ha, 3.5 Mm3 coal tailings pond was 
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saline, highly sodic and extremely low in nitrogen and phosphorus. 
The substrate contained high levels of soluble sulfur, magnesium and 
calcium.  Plant available copper, zinc, magnesium and iron were also 
high. Five salt tolerant species were used: vetiver grass, marine couch 
(Sporobolus virginicus), common reed grass (Phragmites australis), 
cumbungi (Typha domingensis) and Sarcocornia spp. Complete 
mortality was recorded after 210 days for all species except vetiver 
and marine couch. Vetiver’s survival was significantly increased by 
mulching but fertilizer application by itself had no effect. Mulching 
and fertilizers together increased growth of vetiver by 2 t per ha, which 
was almost 10 times higher than that of marine couch (Radloff et al, 
1995) - photo 6. 

Photo 6. Six months after planting on a coal mine tailings dam, Vetiver 
had the best growth among the 5 species used in this trial. 

Vetiver has also been used to stabilise and rehabilitate waste rock of 
open cut coal mines in Queensland, Australia. Exchangeable Sodium 
Percentage of 48% and a coalmine overburden with an exchangeable 
sodium level of 33%. The sodicity of this overburden was further 
exacerbated by the very high level of magnesium (2400 mg/Kg) 
compared to calcium (1200 mg/Kg) (Truong, 2004) - photo 7..
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Photo 7. Rehabilitation of waste rock dump of open cut coal mine in 
Queensland (upper and lower).

5.2.2 Gold mines
In Australia, fresh tailings are typically alkaline (pH = 8-9), low in 
plant nutrients and very high in free sulphate (830 mgKg-1), sodium 
and total sulphur (1-4%). Vetiver established and grew very well on 
these tailings without fertilizers, but growth was improved by the 
application of 500 Kgha-1 of DAP. Vetiver has been used successfully 
in a large-scale trial to control dust movement and wind erosion on 



59

a 300ha tailings dam. When planted in rows at 10m to 20m spacing, 
vetiver hedges reduced wind velocity and promoted the establishment 
of Rhodes grass - photo 8. Due to high sulphur content, old gold 
mine tailings are often extremely acidic (pH 2.5-3.5), high in heavy 
metals and low in plant nutrients. Revegetation of these tailings is 
very difficult, often very expensive, and the bare soil surface is highly 
erodible. Field trials were conducted on two old (8 year) tailings sites. 
One exhibits a soft surface and the other a hard crusty layer.  The soft 
top site had a pH of 3.6, sulphate at 0.37% and total sulphur at 1.31%. 
The hard top site had a pH of 2.7, sulphate at 0.85% and total sulphur 
at 3.75%.  Both sites were low in plant nutrients - table 2 and photo 
8. 

Table 2: Heavy metal contents of representative gold mine tailings 
in Australia.

NA = Not available

Heavy Metals Total Contents Threshold 
levels

(mgKg-1) (mgKg-1)
Arsenic 1,120 20
Chromium 55 50
Copper 156 60
Manganese 2,000 500
Lead 353 300
Strontium 335 NA
Zinc 283 200
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Photo 8: (Left) Old gold mine tailings and (right) planting on fresh gold 
tailings dump to control wind erosion in Australia. 

5.2.3 Lead and Zinc mines
In China and Thailand, it has been demonstrated that C. zizanioides 
is one of the best choices for revegetation of Pb/Zn mine tailings due 
to its high metal tolerance, furthermore, this grass can be also used 
for phytoextraction because of its large biomass. Recent research also 
suggests that C. zizanioides also has higher tolerance to acid mine 
drainage (AMD) from a Pb/Zn mine, and wetland microcosms planted 
with this grass can effectively adjust pH and remove SO42-, Cu, Cd, 

Photo 9: Vetiver was the best species on Lechang lead mine (China). 
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Pb, Zn and Mn from AMD. For example, vetiver produced biomass 
more than twice that of both local and introduced species used in 
the rehabilitation of the Lechang lead and zinc mine, where tailings 
contain very high levels of heavy metals (Pb at 3 231 mgKg-1, Zn at 3 
418 mgKg-1, Cu at 174 mgKg-1 and Cd at 22 mgKg-1) (Shu and Xia, 
2003) - photos 9 and 10. 

Photo 10: Vetiver was the best species on zinc mine (Lechang)
 tailings in southern China.

5.2.4 Bentonite mine
In Australia, Bentonite mine tailings (reject) is extremely erodible as 
they are highly sodic with Exchangeable Sodium Percentage (ESP) 
values ranging from 35% to 48%, high in sulphate and extremely low 
in plant nutrients. Revegetation on the tailings has been very difficult 
as sown species were often washed away by the first rain and what left 
could not thrive under these harsh conditions. With adequate supply of 
nitrogen and phosphorus fertilisers vetiver established readily on this 
tailings, the hedges provided erosion and sediment control, conserved 
soil moisture and improved seedbed conditions for the establishment 
of indigenous species. - photo 11.
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Photo 11: Bentonite tailings, barren and highly susceptible to wind and 
waster erosion (upper). Excellent growth of a three month old stand of 

Vetiver, which encouraged the return of native species (lower).

5.2.5 Copper mine
Vetiver tolerates high concentrations of Cu in soils as it survived in 
soils contaminated with up to 1762 mg Cu kg-1 (Wilde et al, 2005). 
In addition, Vetiver survived and grew under daily irrigation with 250 
ml of 190 mg kg-1 Cu solution for 30 days (Antiochia et al, 2007). In 
Chile, at La Africana mine Vetiver could grow on copper tailings with 
total Cu level at 3921mg kg-1 (Fonseca pers.com.) and at the Anglo 
American mine (altitude 2000m) with 2600 mg kg-1 of total Cu in the 
tailings (Castillo, Fonseca and Candia, 2007) - photo 12.
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Photo 12: Copper mine rehabilitation in Chile (upper and lower).

5.2.6 Other mines
Vetiver has been used successfully for erosion and sediment control 
at bauxite mine in Australia and Venezuela - photo 13 (Liesna et al 
2006; Luque et al 2006), Nickel mine and smelter in the Philippines  
- photo 14 (Manarang pers.com.), and diamond mines, gold mine and 
platinum mine in South Africa.
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Photo 13: Bauxite mine in Venezuela: Upper , planting on 60º slopes with 
rope support; lower: protected slope a year later.
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Photo 14: Stabilizing 2:1 batter at the Nickel mine and smelter at Coral 
Bay, Philippines, in conjunction with coir mat.
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