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Foreword
One of the immediate
information

activities

of the Pacific Rim Vetiver Network

on the vetiver system (VS), especially

those techniques

(PRVN) is to disseminate
that are adaptive to local

. conditions of developing countries in the Pacific Rim. In this connection,
publishing a series of technical

the PRVN Secretariat is

bulletins (TBs) that provide useful information

about the VS to

readers who are active members of the PRVN.
Since 1998, one to three TBs have been published annually, except during 2005, 2007 and 2008 due
to the lack of manuscript. Altogether, 16 TBs have been published. These are:
- 1998/1: "Vetiver Grass Technology for Environmental Protection" by Paul Truong and Dennis Baker
- 1998/2: "Vetiver Grass for Slope Stabilization and Erosion Control" by Diti Hengchaovanich
- 1999/1 : "Vetiver Handicrafts in Thailand" by the (Thai) Department of Industrial Promotion
- 1999/2: "Vetiver Grass Technology for Mine Rehabilitation"

by Paul Truong

- 1999/3: "The Use of Vetiver Grass System for Erosion Control and Slope Stabilization along the
Yadana Gas Pipeline Right-of-Way" by the Petroleum Authority of Thailand
- 2000/1: "Techniques

of Vetiver

Propagation

with Special

Reference

to Thailand"

by Narong

Chomchalow.
- 2001/1: ''The Utilization of Vetiver as Medicinal and Aromatic Plants with Special Reference to
Thailand" by Narong Chomchalow
- 2001/2: Vetiver System for Wastewater Treatment" by Paul Truong and Barbara Hart
- 2001/3 "The Development of the Vetiver System in Guangdong, China" by Hanping Xia
- 2002/1 ''The Role of the Private Sector in Disseminating the Vetiver System with Special Reference
to China" by Hanping Xia
- 2002/2 "The Use of Vetiver for Soil Erosion Prevention in Cassava Fields in Thailand" by Somsak
Suriyo and Wilawan Vongkasem
- 2003/1: "Vetiver Root - Oil and Its Utilization" by U.C. Lavania
- 2003/2: "Vetiver Victorious: The Systematic Use of Vetiver to Save Madagascarfs
Diti Hengchaovanich
- 2004/1: "Utilization
Nimityongskul

and Karen Schoonmaker

of Vetiver as a Construction
and Thammanoon

FCE Railway" by

Freudenberger

Material for Paddy Storage

Silo" by Pichai

Hengsadeekul

- 2006/1 : uRehabilitation of Ravine on the Congolese Floodplain" by Alain Ndona, Paul Truong, and
Dale Rachmeler
- 2009/1: "Vetiver Phytoremediation for Heavy Metal Decontamination" by Nualchavee Roongtanakiat
The present publication deals with the research and application of the vetiver system in agriculture,
slope stabilization,

and environmental

protection;

introduces

the development

and roles of the

China Vetiver Network; and proposes the potential of the vetiver system in barren land afforestation,
mine tailing re-vegetation, biofuel, and greenhouse effect relief.
On behalf of the PRVN, we wish to express

our sincere thanks to the author,

Dr. Liyu Xu,

Coordinator, the China Vetiver Network, Nanjing, China.
It is hoped that this publication will be of value to vetiver scientists, agricultural extensionists,
conservationists,

soil

engineers and others who would like to make practical and effective use of vetiver.

Narong Chomchalow,

Editor and Coordinator,

Pacific Rim Vetiver Network, ORDPB
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Application and Development of the Vetiver System in China:
20 Year Experience Retrospection
Liyu Xu
Coordinator, China Vetiver Network
Nanjing, China

ABSTRACT
Vetiver System is a low-cost and effective system that has been used for soil and water
conservation, infrastructure protection, pollution control and treatment, and natural
disaster prevention. It has been over 20 years since it was introduced to China in 1988.
The paper reviews the research and application of the vetiver system in agriculture,
slope stabilization, and environmental protection; introduces the development and roles
of the China Vetiver Network; and proposed the potential of the vetiver system in barren
land afforestation, mine tailing re-vegetation, biofuel, and greenhouse effect relief
Keywords: Low-cost, effective system, soil and water conservation, environmental
protection, pollution control, slope protection, bioengineering, China Vetiver Network.

1. INTRODUCTION
Environmental protection has been an urgent and top task facing our world. It is also an important
basic work during our economy and social development. It is listed as one of the basic strategies
which should be carried out for a long time in China. Water and soil conservation, and pollution
control are the two sides of environmental protection at broader mean. Although there are many
methods for the protection, bioengineering measure has been more and more widely accepted by
human beings.
It has been 20 years since Mr. Richard Grimshaw introduced the Vetiver System (VS) to China for
soil and water conservation in 1988. At first, VS was applied in agricultural field aiming at
controlling soil erosion and therefore, increasing farmland production. Later, it focused on
infrastructure protection, highway and railway stabilizations in particular, and environmental
protection as well. The history of the VS development in China indicated that we have come a long
way as we extended the VS countrywide, yet there will be still a flourishing foreground when we
look ahead.
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2. VS FOR AGRICULTURAL PRODUCTION
The VS was introduced to China's Red Soil Development Project in 1988. The project covered five
provinces in southern China. Less than a year after it was introduced, vetiver had attracted a wide
attention for its magical characteristics, such as its wide adaptability and rapid growth. At that time,
many agricultural officers, scientists and technicians, not to mention some farmers, were actively
involved in research, experimentation, application and promotion of the VS.
On 20-23 October 1989 China National Vetiver Planting Technology Workshop was eo-organized
by the Agriculture Ministry and Water Resources Ministry in Shaowu of Fujian Province in order
to:
~ exchange vetiver planting technology and experience;
~ review vetiver application situation and prospects in other countries;
~ visit vetiver demonstration plots and nurseries.
Besides, the workshop proposed further steps for vetiver applications:
~ reinforcing vetiver tests and demonstrations;
~ getting preparation for extension;
~ strengthening mobilization and creating recognition on the function of vetiver on erosion
control and agricultural production;
~ establishing national vetiver information network.
The participants included experts and officials involving in agriculture and water conservation
mainly coming from the five project provinces: Jiangxi, Fujian, Hunan, Sichuan, and Guizhou. In
addition, participants also came from the Chinese Academy of Sciences, the International Science
Union, the Agriculture Ministry, the Water Resources Ministry, and the Forestry Ministry.
Altogether, there were 46 persons from 32 institutions (Zhang, 1989).
After the workshop, numerous universities and research institutes involved III vetiver have
experimented on:
~ vetiver's biological and ecological characteristics;
~ establishment and management of vetiver hedges;
~ effect of vetiver on soil fertility, soil moisture, soil erosion control, and crop yield (Xu et al.,
2003).

2.1 VS for Soil and Water Conservation in the Orchards, Tea Gardens, and on Sloping
Farmlands
VS application in agriculture for soil and water conservation in orchards, tea gardens and sloping
farmlands is very important. Technicians in the experimental group of the First Phase of the Red
Earth Development Program in Jiangxi and Fujian Provinces first introduced vetiver plants as pilot
experiments in agricultural development in 1989. At that time the Jiangxi Red Earth Program Office
introduced 10 tons of vetiver seedlings by planting on farmland in six counties, namely Guixi, Jinxi,
Linchuan, Dongxiang, Chongren and Jinxian. Jiangxi Provincial Institute of Red Earth was a
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responsible research institute within the development area. Altogether the vetiver protected more
than 200 ha of the fields.
At the same time, the Fujian Red Earth Program introduced another 30 tons of vetiver seedlings.
These were planted in 29 tea gardens and orchards in seven counties in that province and protected
more than 130 ha of the fields. All experimental vetiver plants were planted according to the
technical rules listed in the Green Book (CRSDP, 1990). In the fields involved, vetiver was planted
on the contour, with 2 m distance between contour lines. Some farmers also planted additional lines
of vetiver hedge around their own fields to protect their crops.
Due to a shortage of vetiver planting material, only 2-3 slips of vetiver were planted in a clump at
each hole with holes at 20 cm intervals. When planted, a small quantity of phosphorus or composite
fertilizer was also applied. A year later, the plants had formed hedges with a 75% density. After the
third year of establishment, these thick hedges provided excellent soil and water conservation
conditions by intercepting runoff as well as trapping eroded silt and soil.
According to the experimental results from standard runoff plots set up in Jiangxi and Guangdong
Provinces, silt interception increased with the vetiver hedges compared to a control plot with no
hedges, revealing a decrease in surface runoff of 32.7-59.7%, while soil erosion was reduced by
63.8-92.7% (Hu et al., 1997; Xia et al., 1996).
Since 2001 several vetiver-based agroforestry projects have been launched aiming at using vetiver
to protect economic trees to generate income and at the same time to control soil erosion (Xu, 2003a,
2004; Xu and Lu, 2003).

2.2 Vetiver Mulch to Improve Soil Moisture and the Farm Field's Ecological Environment
In China vetiver hedges (mainly for soil conservation) planted between fruit trees, tea bushes and
other crop lines must be pruned several times every year. The first pruning started at the end of
February when the dead leaves and stems that dried out during the winter were removed. Then,
from the middle or later part of June to the middle part of September, 3-4 times of pruning took
place. The pruned leaves and stems were usually used in situ as mulch materials to help resist
drought or cold injury to fruit trees, tea bushes and other crops. The mulch was usually placed at the
base of the tree, bush or crop or buried in the soil while fertilizing. Farmers have adopted this
practice to increase yields as it helps retain soil moisture, lowers soil temperature and resists
drought in the summer and cold in the winter.
Chen et al. (1994) conducted a trial in an experimental citrus orchard located on Xiaohuashan Hill,
a hill of red earth soils in Linchuan County, Jiangxi Province (28.0oN, 116.5°E, 50 m asl). Orchard
surface soils without vetiver were compared to those with vetiver planting and mulching. Results
showed that the ecological environment of the orchard with vetiver planting and mulching had
greatly improved. In this case, the mulch consisted of pruned vetiver leaves and stems placed on the
soil surface at the base of and under the tree crowns. During summer days, the average temperature
measured at the middle of the tree crowns decreased by 2.8°C; relative humidity increased 4.3%;
illumination intensity decreased 18.6 k-lux; and daily mean temperature, daily maximum
temperature, and diurnal temperature range on the surface soil at the base of the tree decreased by
3

5.1°C, 19.1°C and 20.8°C, respectively. Meanwhile daily minimum temperature increased by 1.7°C,
daily inter-root mean soil temperature decreased by 1.7°C, and soil moisture increased by 2.8%.
This illustrates that vetiver improved the microclimate of the citrus orchard located on sloping red
earth land. Especially during the summer when it was dry, with high temperatures, the soil
temperature was greatly lowered while soil moisture was maintained at acceptable levels.

2.3 Using Vetiver Clippings to Improve Soil Fertility and Increase Crop Yield
Vetiver grass hedges established in orchards, in tea gardens and on sloped farmland have to be
pruned 3-4 times a year and could yield 8-15 kg/rrr' of fresh vegetation. Annual yields of fresh
vetiver plant material could reach 58-100 t/ha along with 24 t/ha of root material. According to the
Jiangxi Provincial Institute of Red Earth, in 1 kg of dry vetiver leaves and stems there are 422 g of
C, 17.4 g ofN, 0.5 g ofP20s, and 7.5 g ofK20. Meanwhile, 1 kg of dry vetiver roots contains 402 g
of C, 2.1 g N, 0.6 g P20S, and 5.8 g K20. Thus, vetiver pruning used as mulch or manure can
effectively improve soil fertility leading to increased crop production.
Lu and Zhong (1997) at the Jiangxi Provincial Institute of Red Earth conducted a 3-year experiment
in which cut vetiver chips were applied to the soil as manure to improve soil fertility. In this
experiment, 4.5 t and 2.25 t of dry vetiver leaves and stems were applied on two farmland sites.
Results showed that total soil porosity, organic C, total N, total P20S, as well as available N and
available P20S on treated farmland increased while soil specific weight decreased. This resulted in
the production of 2,790 kg/ha and 2,280 kg/ha of experimental corn seed, which was an increase of
34.8% and 10.1 %, respectively, over the one from the control plot (2,070 kg/ha).

2.4 Applications as Windbreaks, to Fix Shifting Sand and to Stabilize Embankments on
Seacoasts, Rivers and Ponds
Key attributes of vetiver grass are its drought resistance, its ability to grow on infertile soils and its
deep and thick root system allowing wide adaptability. Therefore, technicians in Fujian and Jiangxi
Provinces planted vetiver as a fast-growing windbreak hedge to fix shifting sand and to stabilize
seacoast embankments, riverbanks and pond dikes, with beneficial results.
In March 1994 the Soil Conservation Office of Fuzhou City, Fujian Province established vetiver
hedge windbreaks for their jojoba (pronounced hohoba) oil crop garden in Daping Village,
Zhonglou Township, Pingtan County. The 0.44 ha garden of sandy soil comprised of mainly shifting
sand (90%), had an annual mean wind velocity of 8.4 rn/s, with prevailing northerly wind. The total
length of hedges was over 800 m long and arranged at 6-8 m intervals. This was parallel to the
jojoba lines and perpendicular to the prevailing wind direction. These hedges filled out the same
year the vetiver was planted, and had long, thick leaves and stems after one year. By the end of the
second year, these lush hedges, which were over 2 m high, had already become powerful natural
windbreaks arresting the shifting sand and protecting the jojoba garden. The result was a high yield
of oil. Measurements on the sheltered (leeward) side of the hedges showed that the wind speed was
greatly diminished by the hedges (Zhang, 1996). The closer the measurement was to the hedges, the
greater the decrease in wind speed. For example, at 5 m from the hedge the wind speed decreased
58.8%, while at 2 m away from the hedge the wind speed decreased 79.4%.
4

In March 1995, over 2,000 m of vetiver hedges were set up along the banks of the Pan River, the
Liushui seacoast and a few ponds. These hedges also had positive effects on soil conservation and
minimization of silt in the runoff in the same year as planting. Measurements indicated that, in the
winter of the first year of hedge planting, up to 7.5 kg of silt were intercepted by a 1 m long section
of the hedge; while in the second year the figure increased to 17.0 kg (Zhang, 1997).

2.5 Fresh Vetiver Clippings as Fodder for Cattle and Sheep
Both the Soil and Fertilizer Department of the Agricultural Bureau of Sichuan Province and the
Jiangxi Provincial Red Earth Development General Company conducted an analysis of nutrient
values of vetiver as a fodder. Nutrient levels were compared for vetiver at 65 days and then again at
215 days (SFD, 1992).
A comparison of protein content showed that the protein content of fresh and tender vetiver stems
and leaves (at 65 days) was higher than alfalfa, clover, sweet potato vine and rice straw but slightly
lower than that of Chinese milk vetch (Astragalus sinicus). Although the protein content in dry
vetiver (at 65 and 215 days) was lower than that in alfalfa, it was higher than that in corn silage and
other common winter fodders such as rice straw and wild oat straw. Moreover, the methionine
content of vetiver was almost the same as other fodders, while the lysine content was much higher
(SFD, 1992). These measurements indicated that tender vetiver grass clippings were suitable as
fodder for cattle, sheep, pigs, rabbits and fish. Also with cattle and sheep, vetiver seemed very palatable.

2.6 Using Vetiver Powder to Culture Mushroom
An experiment conducted by Lin Zhanxi of the Mushroom-Grass Research Center at Fujian
Agricultural University, indicated that vetiver was a high quality grass material for culturing
mushroom (Zhang, 1996). They successfully used vetiver leaves and stems as a raw material to
raise many kinds of mushroom, including Lentinula edodes (shiitake, oak shiitake, black forest
mushroom), Auricularia polytricha (cloud ear, tree ear, wood ear, hairy jew's ear), Auricularia
auricula (black ear, wood ear, jew's ear), Pleurotus ostreatus (tree oyster, oyster, white oyster, gray
oyster, oyster mushroom), Pleurotus abalones (abalone mushroom), Pleurotus pulmonarius
(sajor-caju, phoenix oyster, phoenix-tail mushroom), Pleurotus spp., Flammulina velutipes (enoki,
winter, velvet stem, snow puff, winter mushroom), Ganoderma lucidum (Ling-Zhi, Reishi, glossy
ganoderma), Hericium erinaceus (lion's mane, monkeyhead, bear's head), Dictyophora indusiata
(bamboo sprouts, collared stinkhorn, stinkhorn mushroom), Pholiota nameko (Nameko, Nameko
mushroom), and others. In cultivating mushroom, vetiver presented high biotransformation rates of
about 80% for Lentinula edodes and up to 100% for both Pleurotus ostreatus and Auricularia
polytricha (Zhang, 1996).
Information summarized from various sources showed that in the second year of planting vetiver
planted as a net on soils of medium or higher fertility could produce 60-100 t/ha of dry grass. That
is to say, with a biotransformation rate of 80%, a single ha of vetiver was able to raise 48-80 t of
fresh mushrooms, valued at 19,000-32,000 RMB Yuan at the present market price. At the same time,
the hyphal-rich waste material remaining after mushroom raising was qualified as feed that was
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good for livestock, poultry and pond fish. In addition, vetiver hedges could be pruned 2-3 times and
their clippings could still be used for mushroom production. This meant not only more biomass for
fodder, but also a thicker hedge for soil conservation. Therefore, vetiver grass with its multiple uses
was ideal in helping to increase farmer's income and for promoting economic development in rural
areas.

3. VETIVER BIOENGINEERING

FOR SLOPE STABILIZATION

Vetiver has a highly developed, dense and net-like adventitious root system derived from the
underground parts of vetiver stems and tillers that can penetrate into very deep parts of the soil
profile. Roots generally go 2-3 m deep but can reach 5 m in some cases with a record depth of 5.2 m.
Other reports indicated that the tensile strength (P) of vetiver's root system (40-120 MPa with an
average of 75 MPa) was about 1/6 of the ultimate tensile strength of steel, and notably higher than
the mechanical tensile strength of many trees and bushes.
Consequently, vetiver's root system with its powerful penetrative ability and inborn vitality is
capable of penetrating through hardpans and even concrete. Vetiver roots are also found in very
hard red plinthite layers and tiny cracks between rocks or gravels. This root system, consisting of an
abundance of roots and forming a penetrating net that contacts almost every corner of the soil
profile, functions as reinforcing bars to bind soil particles together. Its extraordinary soil-fixing
power is derived from a combination of tensile force, friction and adherence.
In addition, vetiver has huge biomass. It reaches 100 t/ha dry matter (about 350 tons of fresh leaves)
in Texas per year. Tests in China showed that for a 100 m2 land vetiver could produce 11.4 tons,
14.7 tons and 17.8 tons of fresh leaves in consecutive years, respectively. The great biomass leads to
huge transpiration and therefore fixes the slopes.
As a result, people use vetiver to stabilize slopes - embankments of highway and railway in
particular. As early as in 1998, the South China Botanical Garden of the Chinese Academy of
Sciences applied vetiver to fix highway in Guangdong Province (Ao et al., 1998). The test showed
that vetiver grew very quickly. It formed dense hedges in just 5-6 months and stabilized the slopes
successfully with less costs compared with hard engineering measures.
Supported by the World Bank and various institutions from both China and abroad, the International
Vetiver Workshop on Vetiver was organized by the China Vetiver Network (CVN) in Fuzhou, the
capital of Fujian Province, from 20-26 October 1997. A visit to the VS applications was made at the
highway embankment stabilization in Jianyang County in northern Fujian Province. The
demonstration site showed that vetiver could prevent highway embankments from sliding and at the
same time could efficiently protect paddy fields from silt deposits. The demonstration was warmly
welcomed not only by engineers but also by farmers.
During the Fuzhou workshop, in addition to participants visiting demonstration plots, the Thai
expert, the late Mr. Diti Hengchaovanich introduced his expertise in using VS for highway
protection in Malaysia. He pointed out that vetiver had a strong fibrous root system that penetrated
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and bound the earth to a depth of up to 3 m and could withstand the effects of tunneling and
cracking. Thus, the roots of vetiver were more effective than hardwood roots in stabilizing slopes.
Although the Fuzhou Workshop introduced vetiver applications to the engineering field, most of the
participants were involved in agriculture and few engineers attended. The Workshop organizer, the
CVN, realized that there was a huge potential for VS to be used in highway and railway
construction as embankment protection. For example, the total length of highways in China
increased from 1,118,000 km in 1994 to 1,186,000 km in 1996. This was an annual increase of
34,000 km. However, due to financial limitation many highway embankments were not properly
protected resulting in serious erosion.
To speed up VS extension in the engineering sector, the International Conference on Vetiver
Bioengineering Technology for Erosion and Sediment Control and Civil Construction Stabilization
was held in Nanchang, Jiangxi Province on 19-21 October 1999. The Conference was a
breakthrough for highway protection. It was eo-organized by the CVN and the Highway
Administrative Bureau of Jiangxi Province so that more highway engineers could attend the
Conference. Since then, VS applications have shifted from agriculture application to engineering
field, mine tailing re-vegetation and environmental protection. After attending the Conference, a
few private companies initiated the use of VS in the country (Xu, 2002b, 2005a,b).
3.1 Highway Protection with Vetiver in Fujian Province
Since the Fuzhou Conference in 1997, VS has been extended very rapidly. All cities and counties in
Fujian Province were actively involved in the VS applications for highway protection. In 1999
along the Fuquan Expressway, a large demonstration was established on a huge landslide scar
totaling 20,000 m2 with soils consisting of coarse parent materials. This successful application
indicated that vetiver could protect not only the fill-side below the road but also the cut-side above
the road from larger landslides.
Other huge landslides were protected by vetiver in Qingliu County of Sanrning City. Here between
the county and a mountain there was a river and a highway. When the road was widened in 1996,
the slope of the mountain became very unstable. In August 1997, about 10,000 m3 of rock and earth
slid down the slope, blocking the highway and the river thereby threatening the safety of the
townspeople. To control the huge cut around 110 m high above the road from further slides, the
highway bureau tried to construct armored concrete walls using a matrix design. However, the cut
was too large to be completely stabilized, as many places were still subject to further movement. To
fully stabilize the slope and to protect the environment, the highway bureau planted vetiver in 1999
and again later in 2000, forming contour hedges. Some vetiver was planted in a "V" pattern to lead
runoff into the concrete ditches. This proved to be very successful, and vetiver grew very well. In
some places vetiver even grew on the rocky parent materials; and even though it looked yellow, it
was impossible to pull the grass out three months after planting. To date, this sliding area has been
stable without further landslide incident (Liu, 2002).
The Highway Bureau of Fuzhou City conducted a study of three sites for a comparison and labeled
them A, Band C. At each site, three sections of the same slope area were protected by (i) vetiver, (ii)
rock, and (iii) rock plus cement. The rock and rock plus cement were an average of 30 cm thick.
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The cost for the vetiver-protected slopes was 6 and 8 times less (Table 1) than the rock and rock and
cement, respectively (HSFP, 2003).
Table 1. Comparison of vetiver and rock protected slopes.
A
Unit Price

Comparable

(RMB
Material
Vetiver

90.0/m

Rock and

a

3

120.0/m

1,100/m2
3

330/m

3

330/m

RMB
a

Study"

Yuan

4,950
29,700
39,600

C
Cost in

Area for the

RMB

Studl

4.5/m 2

Comparable

Cost in

Area for the

Yuan)"

3

Rock

B

Yuan
2

2,450/m

3

735/m

3

735/m

11,025
66,150
88,200

Comparable

Cost in

Area for the

RMB

Study"

Yuana
2

8,325

3

49,950

3

66,600

1,850/m
555/m
555/m

Cement
'US$l

= 8.27 RMB Yuan in this table.
= 330m c2,450 m2 x 0.3 m = 735

bl,IOO m2 x 0.3 m

3.

nr'. dl,850 m2 x 0.3 m

= 555 rrr'.

As of June 2001, Fujian Province had 44 sections planted with vetiver from 15 highway bureaus. In
addition, the Fujian Provincial Communications
Bureau designated vetiver for highway
embankment stabilization as a Science and Technology Development Planning Program and
requested all cities and counties to establish their own vetiver production bases.
In July 1998 the Fujian Provincial Highway Administration Bureau released a document requesting
engineers to study vetiver technology and to use vetiver to stabilize highway slopes. Again, in 2008,
the Bureau released a document re-requesting all of the provincial institutions to extend vetiver
technology to fixing and greening highway slopes and to use vetiver to stabilize slopes formed by
wasted materials that were left during the highway construction and to vegetate them. Fuzhou, the
capital of Fujian Province, and other city highway administration bureaus also released similar
documents for further VS extension. All of the documents clearly indicate that VS not only can
stabilize slopes but also improve highway environment through greening them.
3.2 Highway Protection with Vetiver in Jiangxi Province
For the Nanchang Conference field trip, the first large demonstration of vetiver for highway
embankment protection was established on Wuyi Mountain through joint efforts of the Highway
Administrative Bureau of Jiangxi Province and the Nanchang Water Conservation and Hydropower
College. By March 1999, a total of 10,000 m2 of highway embankment was protected with VS. The
slopes ranged from 30° to 60° with elevations of 280 m to 750 m asl. The embankments consisted
of coarse materials of granite and were subject to frequent landslides. Although the area's high
elevation affected growth, vetiver fully protected the embankment four months after planting and
landslides stopped (Xu et al., 2000).
The demonstration showed that: (i) vetiver could grow well on infertile parent materials and still
stabilize embankments, and (ii) vetiver application was very successful and economic, only 20
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tillers/m". This meant the cost of vetiver was only 1/9-1/10 of the cost of the other two hard
measures.
The demonstration played an important role in extending VS in Jiangxi Province. To speed up
vetiver extension in highways the Communication Bureau, Highway Bureau and Highway Society
of Jiangxi Province joined hands in releasing documents. According to incomplete statistics totaling
1.8 million m2 highway slopes were fixed by vetiver. The area includes mountains and plain around
the lake (Lu and Fu, 2008).

3.3 Highway Protection with Vetiver in Zhejiang Province
Just following the Nanchang Conference, Zhejiang Province initiated a VS program. Mr. Zhao
Zhaoqing who worked with the Highway Administration Bureau of Zhejiang Province participated
in Nanchang Conference in 1999. This was an opportunity for him to learn some of the
fundamentals of vetiver from foreign experts and Chinese scientists. Later he visited vetiver
nurseries and demonstrations in Fujian Province and learned even more. Upon returning to his
office in Hangzhou he established the Zhijiang Vetiver Engineering Co. Ltd. of Hangzhou City.
Then, a high quality nursery was established in Hangzhou. In cooperation with Madame Pan Biying,
the first demonstration followed on the newly constructed National Highway No. 330 in April 2000
on 10,600 m2 of slopes to prevent the frequent landslides that occurred in the mountainous areas of
Lishui City. Later, the VS was introduced for protection of Provincial Highway No. 52. These
demonstrations were quite successful.
In November 2000 the Zhejiang Communication Bureau organized an appraisal conference on
vetiver, the first conference of this kind in China. Provincial and national experts attended the
conference and toured the demonstrations. As a result, the VS was fully approved and was thus
disseminated throughout the Province.
Mr. Zhao's
conferences
released an
disseminated
relationship
development

experiences were introduced at Zhejiang Provincial Highway Society's annual
in both 2000 and 2002. In June 2001, the Zhejiang Provincial Communications Bureau
official document to introduce the VS as a new technology so that it could be
more easily and rapidly. Because Mr. Zhao's vetiver company had established a good
with the government as well as the Highway and Communications Bureau, a further
and a favorable reputation for the VS have been ensured.

So far VS has been widely used for highway protection in Zhejiang Province within
27°1O'N-31°5'N, 119° lO'E-120° 15'E, covering seven prefectures, cities, or counties at the altitudes
of 5-865 m asl. The landform concerned includes plains, basins, hills and mountains. The soils
include red earth, mountain yellow earth, sandy soil with rock fragments, acid weathered parent
materials and alkaline soils. Totaling 0.64 million m2 slopes were protected with the VS. The roads
include national highways, provincial highways, county-level highways and expressways (Zhao et
al., 2008). It saved the costs for at least 25 million Yuan RMB compared with hard measures. In
addition to the provinces described above, the VS has also been used for highway protection in
Jiangsu, Hubei and Guizhou Provinces. Based on field investigation on Nin He Expressway (Jiansu
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tillers/m2. This meant the cost of vetiver was only 1/9-1110 of the cost of the other two hard
measures.
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section), Xu (2008) studied eight slopes to observe their slopes, steepness, vegetations, soil
erodibility and slope stability. At last three most unstable slopes were selected to establish vetiver
hedges. Results showed that vetiver could grow very well and had formed dense hedges in just a
few months. It can protect not only the slopes but also the environment. The demonstration led to
fast extension of the VS to other highways in the Province.
3.4 Vetiver Bioengineering Technology for Railway Protection
There has been great progress in VS applications for highway construction since the International
Conference on Vetiver Bioengineering Technology for Erosion and Sediment Control and Civil
Construction Stabilization, which was held in Nanchang, Jiangxi Province, China in 1999. However,
a procedural difference arose when trying to implement the VS with highways and railways in
China. Each highway division, whether at the national, provincial, county, or township level, was
entitled to apply the VS so long as it agreed to use vetiver technology. Nevertheless, no railway
institution may start to use vetiver until they received permission from the top railway organization
via the Railway Survey and Design Academies. This meant that if an organization wanted to use the
VS it had to pass through various channels for permission. With great effort, the Xinchang Railway
Company located in Nanjing, the capital of Jiangsu Province, became the first railway to form a
vetiver company. It was launched in 2001 and at that time began to use the VS.
To introduce the VS to the Xinchang Railway and to other prospective railway lines, the first large
demonstration was arranged in the Huangqiao section (around N32°20', EI20030'). Road construction
material came from deep soils derived from the Yangtze River Basin which in this area had a
northern sub-tropical climate. The soil contained a preponderance of silt particles and very little
clay; it was subjected to collapse during raining season and lacked the desired water storage
capacity. So, to moisten the roots and maintain soil moisture for a longer period, the roots were
dipped and thoroughly coated with a clay paste just before planting. Vetiver was planted in April
2001 and formed good hedges in October (Xu, 2003b).
To extend the successful demonstration, the First Railway Vetiver Technology Identification and
Evaluation Conference was held in Nanjing from 18-20 October 2001. Around 40 participants
attended the Conference, including experts from the Engineering Design and Identification Center
of the National Railway Ministry, the First, the Second and the Fourth Survey and Design
Academies of the Railway Ministry, the Shanghai Railway Bureau, the Railway Office of Jiangsu
Province, the Director of the headquarters of the Xinchang Railway, Managers of the Xinchang
Railway Co. Ltd., and the Directors of the Xinchang Vetiver Slope Stabilization Co. Ltd. During the
Conference all the participants went to Huangqiao to inspect the demonstration site and fully
confirmed the great success. Since then, the VS has been widely extended to other railways
nationwide. In 2003, the VS was for the first time included in the National Railway Embankment
Protection and Greenization Regulation. That means the VS could now be applied officially for
railway protection countrywide.
3.5 VS Applications for Construction in the Hydroelectric Power Industry
Vetiver contains a vigorous underground root system with numerous roots that penetrate into the
soil stratum. This produces a binding effect that increases the shear strength of the soil in a short
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period of time, which can prevent soil erosion and surface soil slips. At the ground level, a vetiver
hedge's stiff stems and dense leaves, combined with any supplementary plants, can reduce soil
moisture, slow runoff speeds, reduce runoff quantity, trap eroded sediments, and generally assist in
promoting water and soil conservation, preventing landslides, and protecting slopes.
The stiff stem and leaves along with the strong root system can withstand water 0.6-0.8 m deep and
a 3.5 mls velocity water flow. This makes it very difficult to dislodge vetiver by water flow once it
is established. Thus, it can reduce the potentially destructive force of strong wind and wave action,
thereby protecting dikes or riverbanks.
There are many successful application examples of the VS in China's hydroelectric power
construction projects. Since the beginning of 2000, the VS has been applied in southern China with
excellent results. Some hydroelectric power departments in northern China have also started to
study and test vetiver by introducing this technology into northern China.
In China it is mainly the Guangzhou City Vetiver Industry Science Co. Ltd. that conducts
dissemination and application of the VS for hydroelectric power construction projects. To date, this
enterprise has completed many hydroelectric power projects in provinces and regions around China,
such as Hunan, Hubei, Guangdong, Guangxi and Guizhou. Some of these projects have even been
key national level projects conducted by noted experts and scholars in engineering circles.
Some examples of hydroelectric power projects that have incorporated the VS include: (i) Slope
Stabilization Project for the Hydroelectric Power Station in Yutan, Zhangjiajie, Hunan, (ii)
Anti-scouring and Slope Protection Project for the Golden Congkou Section of the Hanjiang Dike
in Wuhan, (iii) Steep Slope Stabilization for the Qinglongshan Reservoir, in Jiangxia, Wuhan, (iv)
Slope Stabilization and Anti-scouring River Hub Water Conservation Project at the Leading
Campsite on the Left Bank of the Youjiang River, in Baise, Guangxi, (v) Slope Stabilization and
Anti-scouring Spillway of Yanshan Reservoir in Luocheng, Guangxi, (vi) Slope Stabilization for the
#2 Highway at the Longtan Hydroelectric Power Station in Guangxi, (vii) Slope Stabilization
Project at the Shitang Hydroelectric Power Station in Guangdong, (viii) Slope Stabilization and
Anti-scouring Spillway for Tangxi Reservoir in Raoping, Guangdong, (ix) Protection Bank for the
Xinfengjiang Reservoir in Heyuan City, Guangdong, etc. (Feng and Ke 2003).

4. VETIVER SYSTEM FOR ENVIRONMENTAL PROTECTION IN CHINA
4.1 Vetiver for Mine Tailings Re-vegetation
Xu et al. (2002) applied vetiver for re-vegetation on mine tailings in Nanjing, China. There were
four treatments with soils coming from mine tailings or other materials. They included: (i) coarse
materials from carbonized shale, (ii) dolomite slag, (iii) Xiashu Loess, and (iv) lake bottom sediments.
The results showed that (Fang and Zhang, 2003):
(i) Although it was very difficult for plants to become established on dolomite mine tailings
that had different mechanical and chemical properties, vetiver grew very well. There was little
difference in vetiver growth on different mine tailing types except where the lake bottom sediment
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had been added to the mine tailings. Just like on highway and railway embankments, vetiver hedges
were formed in three months. Due to its many advantageous characteristics (Hengchaovanich, 1998),
vetiver has proven to be an excellent pioneer plant for re-vegetating and stabilizing barren slopes.
(ii) Vetiver had a wide range of tolerance to soil types and pH and could improve the
ecological environment in a short time. This enabled other plants to grow, thereby promoting
ground surface coverage.
(iii) Vetiver had high adaptability and could grow well on different parent materials. It was not
necessary to add soil materials when planting on mine tailings. Although it grew better when the
lake bottom sediment was added, vetiver was superior to other plants when growing only on mine
tailings. Vetiver had a well-developed root system just two months after planting and could fix the
soil column.
(iv) Although vetiver is photophilous it grows well in the shade under young poplar trees.
(v) Based on this and many other studies, vetiver can be planted in March, April, May, June,
and September. The best time is in March and April because within this period there is ample
rainfall, the solar radiation is not too strong, and evaporation is low. Once the grass is established it
can enter a fast growing period under higher temperatures. However, it grows slowly when the
temperature approaches 40°C in July and possibly August. It also can be planted without watering
and still have high survival rates.

4.2 Research and Utilization of Vetiver for Wastewater Treatment
Vetiver grass is a high-biomass, hydrophytic plant that is called a miracle grass. Vetiver's ability to
help cleanse wastewater could be due to some of the following characteristics (Truong and Hart, 2001):
~ it has a higher evapotranspiration rate than most wetland plants;
~ it has a very high and fast absorption rate of nutrients, particularly ammonia, nitrogen and
phosphorus;
~ it is normally sterile and non-invasive;
~ it is highly tolerant to soil acidity, alkalinity, salinity and sodicity;
~ it is highly tolerant to waterlogging and inundation;
~ it is highly tolerant to concentrated leachates.

4.2.1 Vetiver for Eutrophication Water Treatment: Zheng et al. (1998) studied the possibility
of using vetiver to purify eutrophicated water. Three kinds of water were used: (1) river water, (2)
pond water, both being polluted by domestic sewage, and (3) tap water. Vetiver was floated and
grew on the three waters. The test showed that vetiver could grow well for the three treatments.
After 3-4 weeks' growth both the polluted river water and pond water looked much cleaner. The
transparency improved dramatically. Total P was removed by 97% and total N was removed by 70%.
Vetiver is a good plant for eutrophicated water treatment.

4.2.2 Vetiver Tolerance to Domestic Leachate Phytotoxicity and Purification Effectiveness:
Xia et al. (1999) investigated the response of cultivation with vetiver and three other species using
domestic leachates, taken from the wastewater treatment station at the Likeng Domestic Landfill in
Guangzhou, Guangdong Province. The two kinds of leachate used in this trial were collected from
the inflow and outflow points of the station; they consisted of a high concentration leachate (HCL)
that came out of the landfill prior to purification, and a low concentration leachate (LCL) that had
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been physically cleansed and ready for discharge to the oxidation pond. The content of COD
(chemical oxygen demand), total N, ammoniac N, total P, and cr (chloride) in the HCL were
considerably high. In fact, these were as much as several dozen times higher than the highest
allowable discharge concentration for industrial sewage or irrigation water for farmland. After the
usual purification process the concentrations of these "pollutants" in the LCL remained above the
effluent standard.
In their work, Xia et al. (1999) compared four types of plant materials: (i) Chrysopogon zizanioides
(vetiver), (ii) Paspalum notatum (Bahia grass) - sampled form the nursery in the South China Institute
of Botany, (iii) Alternanthera philoxeroides (alligator weed) and (iv) Eichhornia crassipes (water
hyacinth) - sampled from local ditches and ponds. All four selected species exhibited characteristics
of rapid growth, large biomass, and somewhat strong tolerance to a polluted or poor environment.
The research results showed that:
(i) Of the four plant species investigated in this study, E. crassipes was poisoned to death in
the two types of wastewater tested (HCL and LCL); P. notatum could not survive in the high
concentration leachate (HCL) and was severely damaged in the low concentration leachate (LCL);
and A. philoxeroides was impaired in the HCL, but formed a considerably large biomass in the LCL
(which was possibly due to the LCL having a high efficiency of eutrophication). C. zizanioides was
also hurt by the leachates, but was the least affected of the four species. The rank of tolerance to
domestic leachate for the four species was C. zizanioides > A. philoxeroides > P. notatum > E.
crassipes.
(ii) Of the two species that grew relatively better in the wastewater, A. philoxeroides on the
whole was superior to C. zizanioides in purifying the LCL, especially in regards to total Nand
nitrate N. Nevertheless, C. zizanioides was able to purify seven kinds of pollutants in the HCL
better than A. philoxeroides. Of the seven items measured in the study, ammoniac N showed the
best results with a purification rate between 77-91 %. C. zizanioides also showed a high purification
rate for P (>74%).
(iii) The leachates discharged from Guangzhou's Likeng domestic landfill contained high
concentrations of pollutants that did not reach the effluent standard. This effluent displayed strong
phytotoxicity that could be harmful to plants and the surrounding areas. Therefore, the landfill
leachates needed further purification. Both C. zizanioides and A. philoxeroides could act as purifying
agents to assist in reducing the high and low concentration domestic leachates.

4.2.3 Vetiver Wetlands in Microcosm for Treatment of Domestic Leachates: Lin (2002)
constructed vetiver wetlands of different substrates in microcosm to investigate the effects of
treating domestic leachates. Eight batches of wetland microcosms comprised of 24 tanks with high
COD and N-NH4 concentrations were set up in a greenhouse to treat the landfill leachate. Every
batch consisted of three replicated tanks. Five batches with vetiver (15 tanks) were established to
test the performance of five substrates (coal refuse, fly ash, cinders, soil and gravel) on the wetland
microcosms when treating the landfillleachates.
Three additional batches (nine tanks) were set up to test the treatment efficiency when sawdust (as a
carbon source for the nitrogen) was added to the wetland microcosm. Two of these batches (six
tanks) were established to determine the function of vetiver in the wetland microcosms' treatment of
landfillleachates while one batch (three tanks) had no vetiver. Thus, altogether there were 21 tanks
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with vetiver seedlings and 3 tanks without. The experiment lasted 35 days with a 5-day hydraulic
retention time (HRT), and 40 days with a lO-day HRT. The results were as follows:
(i) When the sawdust was added, the pH of the landfillleachate increased while the electrical
conductivity (EC), total suspended solids (TSS), color and volume decreased. The COD removal
efficiency of every batch ranged from 33 to 73%, N-NH4 from 46 to 74%, N-N03 from -72 to 94%,
total Kjeldahl N or total soluble N (TKN) from 46 to 73%, total phosphorus (TP) from -127 to 90%,
and total soluble phosphorus (TSP) from -1,714 to 92%.
(ii) Wetlands microcosms with coal refuse as a substrate had the best performance in removing
EC, N-NH4, TKN, TP, TSP and TSS, while the batch of wetland microcosms using cinders as a
substrate had the best performance in removing color, COD, N-N03 and TSS. The wetland
microcosm with fly ash showed the poorest performance in removing all items except TP and TSP.
(iii) With the addition of sawdust, the pH of the effluent from the wetland microcosms
increased while the EC and color values decreased. The removal efficiency of N-NH4, TKN and
TSS decreased significantly, while the removal efficiency of N-N03 increased significantly.
Although the removal efficiency of COD, TP and TSP decreased, changes were not significant. The
addition of sawdust also led to a reduction in aboveground and total biomass of the vetiver, as well
as the number of tillers and height. Thus, with the addition of sawdust as a carbon supply, the
process of denitrification was greatly enhanced. Meanwhile, the removal of all pollutants except
N-N03 was inhibited with the growth of vetiver being significantly inhibited.
(iv) The concentration of N-~
in the leachate greatly influenced the performance of vetiver
in the wetland microcosms. Excessive concentrations of N-NH4 in the leachate were harmful to the
vetiver. Thus, before the landfill leach ate was put into the wetland microcosm, it needed to be
pretreated such that the concentration of N -NH4 in landfillleachate was less than 200 mg.L.
(v) Prolonging the HRT of the treatment significantly enhanced the N-N03 removal efficiency.
(vi) Vetiver played a great role in purification of the landfillleachate in a wetland microcosm.
Wetland microcosms with vetiver had a greater removal efficiency, 9.1, 12.9, 15.7, 104.8, 17.4,
57.0 and 1.6% for COD, N-NH4, TKN, N-N03, TP, TSP and TSS, respectively, than the wetland
microcosms without vetiver. The total removal efficiency with vetiver, as a percentage of uptake,
was greater for TP than for total nitrogen (TN).
Vetiver-constructed wetlands have shown a strong potential for purifying polluted water. Thus, it is
gaining increasing interest from scientists for pollution control (Zhang et al., 2003).

5. THE ROLE OF THE CHINA VETIVER NETWORK IN THE VS
DEVELOPMENT AND DISSEMINATION
The China Vetiver Network (CVN) was launched in 1996, with support by The Vetiver Network
International (TVNI). It has played an important role in vetiver research, application and extension
in China for over 20 years (Xu, 2002a).
5.1 Information Collection and Analysis
As a network, one of the most important tasks was to disseminate information. So the first step in
information dissemination was to find the institutions and people who were most interested in the
VS in the areas or fields in which the VS might be applicable. The network office in this regard
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expended a great deal of effort. They collected information on institutions and personnel involved in
agriculture, forestry, water and soil conservation, ecology, environment, land management,
highways, railways, mining and excavation. Their list also included universities, technical schools,
research institutions, extension stations/centers and government units. Through information analysis
a ranking of the most interested institutions and people was prepared to disseminate facts about vetiver.

5.2 Extension Aids for Promoting the VS
The first task for the CVN was to disseminate the VS. Therefore a number of publications have
been produced to attract different groups of people. These publications include:
• Vetiver Newsletter: It is a quarterly journal introducing new achievements, new developments,
and new technologies from China and abroad. It is published in Chinese, with occasional issues
done in English.
• Vetiver for Water and Soil Conservation: It is a FACT sheet. These are printed on different
colored paper to attract people's attention. They introduce practical technology and are mainly for
use by the farmers and extension workers.
• Agroforestry Today: It is a quarterly journal in Chinese. It primarily introduces vetiver-based
agroforestry systems and is mostly distributed to agroforesters.
• Vetiver Research and Development: It is a book published in 1998. It was written for
scientists, university professors, and government officials.
• VS and Its Research and Applications in China: It is a book published in 2003 in both
Chinese and English. It contains 120 color photographs taken in China.
• VS - Its Theory and Practice: It is a book in Chinese published in 2008.
• Vetiver New Year's Greeting Card: It was produced in large quantities in 2001 and distributed
to many people during the Chinese New Year holiday, called Spring Festival. These cards briefly
introduced the V~ and encouraged interested farmers or others to contact the CVN for more
information.
• Vetiver - The Hedge against Erosion: This new edition of the Green Book was translated into
Chinese as part of the Salvation Army-supported China Vetiver and Agroforestry Technology
Project in 2002. It was widely distributed nationwide. In addition, three other booklets were
produced that inform the farmers how to use vetiver to protect chestnut trees, tea bushes and
mulberry trees for silkworm production.
• Vetiver for Slope Stabilization and Erosion Control: It was written by a Thai expert, the late
Mr. Diti Hengchaovanich and was translated into Chinese in 2001. This book introduced his
successful experiences in using vetiver for engineering purposes. It was widely distributed to
engineering institutions.

5.3 VS Dissemination via Public Channels
To disseminate VS more widely, numerous public agencies and channels introducing the grass from
different points of view were utilized through joint efforts of network members. These included the
Central Television Station, the Informal Reference Information, the Science Times, the
Communication Times, the Nanjing Daily, the Jinling Evening Paper, the Lishui Daily, the Farmers
Daily, the Yuexi Newspaper, the Anhui Economy Paper, etc. Some of these articles were printed
more than once.
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At the same time, many research articles were published in various journals, such as the Water and
Soil Conservation Research, the China Water and Soil Research, the World Agriculture, Ecology
Science, the Journal of Ecology, the Journal of Biology, the Science and Technology of Tropical
Crops, the Red Soil Research of Jiangxi Province, the Bulletin of Water and Soil Conservation,
Jiangxi Science, the Highway Journal, the East China Highway, the Mountain Research, the
Agricultural Science and Technology of Guangdong Province, the Water and Soil Conservation of
Fujian Province, the Science and Technology of Water Conservation in Jiangxi Province, the Acta
Agriculturae Jiangxi, the Highway Survey and Design of Guangdong, the Communication Survey
and Design of Fujian, the Jiangsu Highway Society Newsletter, and so on.
It is worth noting that many articles were co-authored by scientists from different disciplines, for
example, from agriculture and engineering. This played an important role in the VS dissemination
among various institutions and promoted application within various divisions. According to an
incomplete list there have been over a dozen articles published in various highway journals
promoting vetiver applications with highway construction.

5.4 Organizing Conferences and Training Courses
Holding a conference was an effective way to spread and develop the VS. As mentioned above, the
CVN organized the Fuzhou Conference in 1997 and the Nanchang Conference in 1999. Both
conferences played an important role in summing up experiences and introducing the VS for
engineering protection.
The CVN also introduced the VS at conferences organized by other organizations, such as water
and soil conservation institutes and regional or national highway institutes. In addition, the network
helped highway and railway institutes to eo-organize evaluation and identification meetings so that
the VS could be extended smoothly in these fields.
Although it has been over 20 years since the VS was first introduced to China, there are still many
people who are not familiar with vetiver. This situation is quite common in the countryside.
Therefore, the CVN has organized many technical training courses in Anhui, Hubei, and Guangxi
Provinces since 2001. The training course contents included an introduction to the VS, vetiver
propagation, and vetiver hedges for cash crop-tree production. Before the training courses began, a
number of training materials were prepared. The training itself combined classroom lectures with
hands-on field practice. To guarantee success, the CVN arranged for specialists to attend the field
practice sessions to provide guidance and on-the-spot instructions. Not only that, the network also
took this opportunity to train government officials and encourage them to train farmers.
During the training process, CVN distributed many colored posters produced by TVNI and the
National Taiwan University. Because these materials had plenty of color pictures, farmers were very
enthused in reading them. In 2002 alone, over 600 farmers directly received training, half of them
being women. Moreover, farmers were encouraged to produce their own wall posters in their
villages so that they could refresh their memory and teach others who had not attended the training
sessions. Some farmers and business-minded individuals then established their own nurseries and
vetiver companies, which in turn, promoted further development.
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5.5 Vetiver Handicraft Training Course
It was a dream for the CVN to organize a vetiver handicraft training course for years. As early as in
2002 an attempt was made to organize such a training course when the CVN implemented the
China Vetiver and Agroforestry Technology Project in the Dabie Mountains. But it never
materialized until October 2007.
Since there was no experience in vetiver handicraft in China, in August 2007 the CVN contacted the
Office of the Royal Development Projects Board (ORDPB) of Thailand to send three Thai trainers
to China. When the proposal was finally approved by the donor (EED) , a formal request was sent to
Thailand. ORDPB then sent the request to the Community-based Products Quality Development
Division under the Department of Industrial Promotion of the Ministry of Industry of Thailand in
September 2007, which agreed to send three Thai trainers to help. To guarantee the training to
proceed smoothly, the Thai trainers brought with them tools, materials and sample products. Some
CDs and printed matters were also sent to the Chinese counterparts.
The training course lasted over two weeks and over 20 minority women participated in the course in
Longshen County of Guangxi Province. Most of them grasped all necessary procedures. To
introduce the VS more systematically and vividly, a poster exhibition was shown at the training site.
It was divided into four parts: (i) General introduction of the VS; (ii) the VS for sustainable
agriculture; (iii) the VS for engineering and environmental protection; and (iv) Bilateral visits
between China and Thailand. It contained many pictures, most of them were taken in China. The
exhibition has attracted many people from both nearby villages and visiting tourists.
The handicraft training created great influence not only in the project site but also in other areas of
Guangxi and in other provinces. In April 2009 Longshen Woman Federation and Agriculture
Bureau organized their own handcraft training course and some other handicraft training courses
will be organized by the CVN in 2009 and later.

5.6 Demonstrations and Visits
A good demonstration is better than a classroom lecture. During extension of the VS, it was found
that acceptance and application of vetiver knowledge differed depending on the different
educational levels and experience of the trainees. The CVN selected project officers to identify and
evaluate farmers' fields and choose the best as demonstration models. The Network presented them
with awards and asked the officers to organize farmer visits to these demonstration plots.
Additionally, the Network organized officer exchanges in different areas and different provinces so
they could visit and learn from each other. At the same time many institutions and private
individuals arranged for their own study tours, which further promoted learning and dissemination.
For example, in September 2000, the Highway Society of Fujian Province arranged for 11 people to
travel to Zhejiang Province to study the VS applications in the mountain areas.
To introduce foreign experiences, in addition to translating vetiver materials, the CVN arranged for
17 Chinese experts and representatives of private companies to participate in the 2nd International
Conference on Vetiver in Thailand. This included a special technical post conference tour for the
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Chinese participants. Some provincial vetiver networks also organized similar visits. Meanwhile,
the CVN invited foreign experts to China to visit different VS applications to offer their advice, and
to share some of the successful Chinese experiences.
5.7 Distribution ofVetiver Planting Materials and Mini-grants
To enable more people to test and utilize vetiver, the CVN released mini-grants via support from
TVNI. A total ofUS$1O,375 in mini-grants was distributed to 17 recipients in 7 provinces in 1998.
In addition, the Network arranged to distribute one million tillers of planting material during the
spring of 1998 and had them transported to 14 institutions in 9 provinces free-of-charge. All of
these events encouraged more scientists and technicians to test and use the vetiver. Most of the
recipients provided feedback and used the mini-grants and/or planting materials very effectively and
successfull y.
As most of the recipients were those who did not know about or had not seen vetiver before, the
first thing they did when they received the planting materials was to establish nurseries for further
propagation. Also, there were some recipients who conducted various tests or experiments with
their limited but valued planting materials. Some even re-distributed planting materials to
neighboring institutions.

5. CONCLUSION
There has been great development in the VS in China in the past 20 years. The achievements
obtained should contribute to the long-term efforts of numerous scientists and extensionists in both
China and abroad. Based on the successful experience we can find that there are still huge potential
of application in China. These are:
(i) There are many mountains and hills totaling over 2 million ha in southern China where
vetiver is a suitable plant to grow. A lot of such land is difficult for reafforestation. However, as a
pioneer plant vetiver can be planted. Tests showed that once vetiver grows up micro-ecology will be
improved and therefore other plants and trees would be able to grow.
(ii) Following fast economy development there is increasing demand for mining products. As a
result many mine tailings are left and re-vegetation has become urgent needed. For example just in
Nanjing city there are over 680 mine tailings left from strip mining. For these areas it is difficult for
ordinary plants to grow and landslide happens occasionally while vetiver can play an important role
in both re-vegetation and slope stabilization.
(iii) Following fast economic growing, China has increasing demand for oil, while biofuel
becomes a hot topic. China is a country with little cultivated land compared with huge population.
Therefore it is impossible to use farmland to produce biofuel. Since vetiver can grow on many
different areas with harsh ecology conditions there is great potential to produce biofuel from vetiver.
If vetiver is to grow on the eutrophication water it can produce not only biofuel but also reduce N
and P contents of polluted water.
(iv) Fossil fuel burning causes emission of CO2 that aggravates a greenhouse effect. Biological
fixing of carbon becomes one of the most effective ways that can control C02 with little negative
effect. It was reported that there is about 100-507 million tons of carbon stored up in deep-rooted
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grassland. For example, Andropogon gayanus can store 53 t/ha/yr CO2, which is equivalent to 5
kg/m2 The biomass of vetiver is much higher than Andropogon gayanus. Therefore it has a huge
potential in such field.
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