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Abstract: Since ancient times, vetiver grass and its roots are well known for their fragrance, medicinal and soil 
erosion control properties. Native to India, vetiver is a perennial grass that grows up to 2 meters in height and the 
roots grows up to 3 meters deep. They can grow in harsh conditions with limited water availability or in drought 
conditions. The roots hold plenty of soils, which encourages using this grass as a soil conservation tool in erosion 
prone areas. Several soil conservation sites have been successfully implemented using vetiver grass in several 
countries such as Haiti, Philippines and Thailand. In addition, the aromatic oil present in the roots of vetiver is used 
in perfumery and holds a very high commercial value. On the other hand, several research studies over the past years 
prove that vetiver grass could be used in other applications such as bioremediation of toxic wastes, farm hedges, 
termite control, household handicrafts, composites and herbal medicine. This work presents a compilation of research 
studies related to vetiver applications, policy recommendation, limitations and potential large-scale applications. 
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1. Introduction 
Vetiver grass is the common name for Vetiveria 
zizanioides and Chrysopogon zizanioides, an 
herbaceous graminaceous perennial type of plant with 
origin in tropical and subtropical India, South and 
South-East Asia [1]. During the last decades, vetiver 
grass has been widely spread throughout the equatorial 
region but also to other distinct parts of the globe due 
to its interesting properties. Various authors have 
described vetiver grass as a fast growth and low cost 
plant, which is highly resistant to drastic climatic 
changes, fire and pests, and tolerant to different types 
of soil, wide pH ranges (3.3-12.5) and high 
concentrations of micropollutants [2-5]. Vetiver grass 
roots are the source of the ‘khus’ essential oil, product 
highly used in perfumery and cosmetic markets [6]. 
Besides the relevant uses of vetiver oil, vetiver grass 
has been studied for other many relevant purposes in 
various contexts and countries such as India [7-10], 
Thailand [11-13], China [14, 15], Malaysia [16, 17], 
Burkina Faso [18], Ethiopia [19], Nigeria [20-22], 
Brazil [23-25], Venezuela [26], Haiti [27] and USA 
[28-31]. The countless applications of vetiver grass are 
reviewed in the current paper. 

Regarding the vetiver plant features, the root system is 
composed of an extensive, dense and fast growing 

network of fibrous filaments that can reach depths of 3 
m [1, 28]. The deep roots allow vetiver to grow in 
slopes, increase water infiltration rates and provide the 
desired grip action to reduce the chances of soil layer 
slippage in the occurrence of intense rainfall [2, 18, 32]. 
Vetiver has been effectively implemented in Africa, 
Asia, Australia, Central America, Latin America and 
southern Europe for stabilization of roads and railways 
artificial batters [2]. Soil and water conservation 
strategies with vetiver grass are discussed in section 
2.1. Moreover, vetiver root system is naturally able to 
establish a symbiotic association with soil 
microorganisms creating a rhizosphere 
microenvironment in its surroundings and promotes the 
carbon fixation in the soil [8, 33]. At the rhizosphere 
level, vetiver is capable to accumulate substances that 
are normally toxic for other plants and living beings, 
such as heavy metals and petroleum. The capability of 
vetiver to decontaminate soils and water bodies has 
been largely studied [33]. The major target pollutants 
and vetiver phytoremediation strategies are reviewed in 
section 2.2. Moreover, due to particular compounds 
existing in vetiver roots, the plant has been used for 
pests control in the agriculture fields, as it is described 
in section 2.3. A key characteristic of the vetiver root 
is the high content in essential oil, known for 
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applications in markets such as perfumery and 
pharmaceuticals, as it is summarized in section 2.6. 
Concerning the upper-plant characteristics, vetiver 
grass leaves are 0.5 to 1.5 m long, rather stiff and 
mainly composed of cellulose, hemicellulose and 
lignin [1]. Vetiver leaves biomass can be used for the 
production of natural fibers and other structures with 
application in households [34, 35]. Vetiver is 
considered a very interesting renewable feedstock for 
bioenergy production due to its typical high biomass 
growth rate [4]. The applications of vetiver grass leaves 
in household materials and energy production are 
explored in sections 2.4 and 2.5. Additionally, other 
applications of vetiver grass are presented in section 
2.7. Due to the wide range of applications of vetiver 
grass and the recognized benefit for the populations, 
the plant has been proposed as a tool for environmental, 
economic and social growth and development. The 
authors have scrutinized the positive and negative 
arguments related to vetiver cultivation, presenting the 
main drawbacks, and have offered recommendations 
for policy-makers targeting vetiver grass expansion 
and better practices. 

2. Vetiver grass applications 

2.1 Soil and water conservation 
Soil erosion and water runoff bring devastating effects 
on the environment and economy. Most of the time, 
soil erosion occurs due to severe flooding in the winter 
season or due to strong wind or flash floods in summer 
[36]. Most of these occur in the developing nations due 
to poor infrastructures and unfortunately during natural 
disasters such as earthquake and hurricane. On the 
other hand, population growth has increased the energy 
demand for cooking and household activities. This 
demand is met through forest fuels such as fuelwood 
and charcoal leading to deforestation in several 
developing countries. Though forest fuel use can 
mitigate climate change compared to fossil fuel, risk of 
soil erosion is high in case of deforestation, without 
counting a possible negative carbon balance. In 
addition, climate change has altered the pattern of 
rainfall, storm and drought around the world that has 
an impact on soil erosion. Furthermore, development 
of infrastructures such as residential buildings, dams 
and industries has influence on soil erosion. During soil 
erosion, vast amount of soil and water is displaced from 
the fertile fields to rivers that need to be cleaned [37]. 
While doing so, they end up in places where they are 
not needed thus wasting most of the economy and 
nutrients. The most common effects that occur due to 

soil erosion crises are the followings: soil loss, soil 
quality degradation, food production loss, habitual 
change for several organisms, economical burden to 
refill the soil and to remove the soil from the water 
ways. Some consequences are economic burden and 
environmental pollution due to fertilizer application to 
compensate the lost soil nutrients and high risk of 
natural disasters [36, 38, 39]. In addition, remedial 
actions require energy that adds up to the climate 
change through more greenhouse gas release. 
Therefore, affordable and easily executable soil erosion 
control measures are much important to the society.  

Soil erosion control, soil and water conservation can be 
implemented through various measures. Vetiver 
plantation in erosion prone, earthquake and hurricane 
areas could be a promising viable option to control soil 
erosion and its detrimental effects. Several studies have 
proved the viability of vetiver in soil and water 
conservation. Babalola et al. (2007) reported that use of 
vetiver grass strips and mulch benefits soil 
conservation along with increasing the nutrient and 
water uptake efficiency of the soil [20]. Mickovski and 
Van Beek (2009) showed that vetiver plated in 
modelled terraced slope presents higher slope stability 
than the one of a non-vegetated slope [40]. Vetiver 
plantation also exhibited higher potential for resource 
conservation and increasing the crop productivity 
compared to lemongrass. However, their potential was 
lower than Sambuta grass under the sub-humid 
conditions [41]. Vetiver plantation for soil 
conservation has become familiar among Haiti famers. 
Recently 900 farmers have taken part in a vetiver 
plantation and management program Agri-plus 
conducted by a volunteer organization [42]. Cao et al. 
(2015) conducted runoff simulation experiments using 
three varieties of grass on a slope [43]. The study 
concluded that all the grasses were able to control the 
soil runoff effectively in the manner, Bahia grass (0.12 
m/s) followed by vetiver grass (0.17 m/s) and daylily 
(0.19 m/s), and irrespective of the hedge widths the soil 
loss was minimized due to the grass stem features,. 
Furthermore, hedges with two-row were adequate to 
soil loss control. The laboratory tests conducted by 
Rahardjo et al. (2014) proved that vetiver grass is 
suitable as slope cover promoting slope soil effective 
cohesion [32]. It was shown that vetiver grass is able to 
minimize the loss of matric suction, increase the soil 
shear strength during rainfall and thereby maintain the 
stability of the slope. In a similar study, Eab et al. 
(2015) reported the slope stability through vetiver 
cultivation using shear, centrifugal model, seeping and 
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rainfall tests [44]. The authors justified the slope 
stability improvements based on the rapid growth of 
vetiver roots in bundles that can significantly increase 
the soil shear strength through mechanical 
reinforcement. Moreover, Meyer et al. (1995), 
McKergow et al. (2004), and Nasrin (2013) reported 
vetiver sediment trapping efficacy of 90% and 65% and 
71%, respectively [45-47]. Somchai and Tingsanchali 
(2016) reported on vetiver plantation showing 42.4% 
and 53.7% improvement in soil and water 
conservation, respectively [48]. Similarly, Kidd et al. 
(2005) studies showed very positive for vetiver system 
(no soil erosion detected) compared to chemical ground 
modifier, Polyhedral Oligomeric Silsesquioxanes 
(POSS) in earthen level systems [49]. As a strong 
evidence, Truong et al. (2008), Islam et al. (2013) and 
Boonyanuphap (2013), demonstrated the use of vetiver 
system at pilot scale for soil erosion prevention in 
Vietnam and concluded that vetiver is an 
environmentally benign sustainable bioengineering 
tool that is very effective, economic, social-based to 
protect infrastructure and mitigate natural disasters 
[50-52]. Once established, the vetiver plantations will 
last for decades with little maintenance [50]. In a recent 
report from Diyabalanage et al. (2017), a 4 to 6 km2 
vetiver plantation in Sri Lanka showed promising 
results in soil erosion control and water runoff [53]. 
Similar results were obtained in Wenago District, 
Southern Ethiopia [54]. In contrast to these studies, 
Hellin and Schrader (2003) reported that vetiver 
plantation has little impact in soil loss conservation for 
slopes greater than 33° [55]. However, only single row 
hedges were used in their experiments in maize field. 
From the literature study on soil conservation using 
vetiver plantation, overall vetiver seems to be a cheap 
and viable option for soil erosion for fields with slope 
less than 33◦. However, more experiments in real field 
trails at pilot scale are necessary to demonstrate the full 
potential of vetiver to control soil erosion. 

2.2 Phytoremediation 
Phytoremediation is generally a cheap solar energy 
driven technique which consists on the use of green 
plants to clean contaminated soil, sludge, sediments, 
natural groundwater and surface water. Various forms 
of pollutants can be assimilated, accumulated or even 
degraded by plants, from heavy metals to organic 
wastes. Vetiver has been proved to have great potential 
to be used as a phytoremediation instrument. The 
reported types of phytoremediation with vetiver plant 
correspond mainly to (1) phytoextraction (or 

phytoaccumulation) – accumulation of contaminants in 
the root and shoot areas of the vetiver plant [23, 24, 29, 
33]; (2) phytostabilizazion – plants are capable of 
reducing the mobility and transport of heavy metals by 
keeping them in the rhizosphere microenvironment 
[33, 56, 57]; and (3) phytodegradation – once the 
contaminant molecules are taken by the plant, vetiver 
is able to break them down throughout the metabolic 
pathways of the plant [30]. Moreover, studies have 
shown that vetiver plant can be quite effective if it is 
directly implemented in a contaminated soil or applied 
simultaneously with soil amendments such as 
fertilizers, microbial consortiums, bulking agents, 
among others. The present subsection comprises a wide 
review on the studies performed so far with vetiver, 
including a discussion of its potential as an 
environmental remediation tool. 

2.2.1 Heavy metals phytoremediation 
Phytoremediation is considered an innovative, 
economical and environmentally compatible method 
for heavy metals remediation [58]. Land and water 
bodies surrounding mines in semi-arid and arid zones 
are very much vulnerable to heavy metals pollution [5]. 
Abandoned mine sites are another example of areas that 
require rehabilitation and decontamination of the soils. 
Nirola et al. (2016) have addressed the problems of 
toxic heavy metal pollution and reviewed several plants 
that can be used for phytoremediation, including 
vetiver plant [5]. The authors showed that vetiver plant 
is an effective accumulator of metals like Cr, Pb, Ni, 
and Zn. Antiochia et al. (2007) performed short and 
long-term phytoaccumulation experiments for several 
heavy metals (Cu, Cr, Pb and Zn) [58]. For all the test, 
the heavy metals are accumulated in roots, rather than 
in the shoots. The authors confirmed the efficiency of 
vetiver as a particular hyper-accumulator for Pb and 
Zn, however, with relatively low heavy metal uptake 
rates for bioremediation purposes [58]. 

Furthermore, Ar, Cd, Hg and Ni can be extracted by 
vetiver plant, where the largest accumulation occurs in 
the roots (>70% of the total amount of heavy metals 
accumulated) showing low translocation from the roots 
to the shoots [33]. Within this group of heavy metals, 
the scientific community has payed greater attention to 
Cd since it is a very common contaminant in 
agriculture fields, which can easily get to humans and 
livestock directly via the food chain [57]. Vetiver was 
found to be useful for phytoextraction and 
phytostabilization of low and moderate Cd field 
contamination, reducing the risk of food chain 
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pollution [15]. Phusantisampan et al. (2016) have 
proved vetiver’s tolerance to high soil Cd levels, and 
have found that the plant can mainly accumulate Cd in 
its roots [57]. The enhancement of the soil quality 
through the addition of amendments (e.g. pig manure) 
can increase vetiver plant growth, support the survival 
of the plant in harsh Cd contaminated soils and improve 
its phytostabilization potential [57]. Other studies have 
evidenced the positive outcome of the use of soil 
amendments in heavy metals phytoextraction and 
phytostabilization by vetiver plant [23, 24, 59]. 

2.2.2 Carbon-based compounds phytoremediation 
The current subsection features a review on the use of 
vetiver plant as a phytoremediation tool for carbon-
based compounds-contaminated soils. Vetiver plant 
can tolerate crude-oil-contaminated soils, and it is able 
to grow and improve the soil quality [26]. However, 
besides the high tolerance to adverse toxic 
environment, vetiver plant growth and root system 
development are negatively affected by the 
hydrocarbon contaminants, which makes the plant less 
suitable to biodegrade the pollutants. Therefore, vetiver 
is proposed as an alternative for soil quality 
enhancement, erosion control and, thus, prevention of 
contaminants surface spreading [26]. (2006). 
Furthermore, Nanekar et al. (2015) have studied the use 
of vetiver plant in a microbe assisted phytoremediation 
system for crude oil sludge treatment [59]. Within a 
phytoremediation system composed by a microbial 
consortium, a bulking agent and nutrients, vetiver plant 
has enhanced the treatment due to rhizodegradation. 

Another interesting application of vetiver is related to 
the treatment of 2,4,6 trinitrotoluene (TNT)-polluted 
soils. TNT has been identified as a carcinogenic 
substance, commonly present in explosive-
contaminated areas. Das et al. (2010) revealed that 
vetiver grass is capable of removing TNT from soils 
pretreated with urea chaotropic agent [29]. 
Additionally, Das et al. (2015) have investigated TNT 
removal effectiveness of vetiver-urea system at its 
recommended concentration for agricultural purposes 
[30]. TNT and TNT-derived metabolites were observed 
in vetiver grass roots and shoots, which proves the 
capability of vetiver to translocate TNT from the root 
system to the aerial parts and to degrade TNT. In detail, 
1,3,5-TNB, 2-ADNT and 4-ADNT metabolites have 
been found in the shoot tissues proving its ability for 
TNT phytodegradation [30]. Finally, Das et al. (2017) 
suggested that TNT degradation is related to the 
activity of nitroreductase (NR) enzyme, which is 

induced by increasing temperature up to 35°C and TNT 
concentrations until a maximum of 40 mg L-1 TNT 
[31]. This study contributes to an effective design of 
the TNT phytodegradation system using vetiver plant. 

Phenol is a pollutant frequently occurring in industrial 
effluents from petro industries, coal conversion units, 
and fungicide, herbicide and insecticide industries.  
Singh et al. (2008) found vetiver can effectively 
remove phenol and, through biochemical mechanisms, 
it is able to develop resistance to reactive oxygen 
species the production of which is induced by the 
presence of phenol [60]. More recently, Ho et al. (2012) 
showed the potential of the application of functional 
endophytic bacteria to enhance vetiver plant’s 
efficiency for phytoremediation of phenolic pollutants 
[61].  

Polycyclic aromatic hydrocarbons (PAH), e.g. 
benzo[a]pyrene, can be found in coal tar and tobacco 
smoke, and are formed from the incomplete 
combustion of organic materials [62]. These 
compounds are widely spread in the environment and 
represent a danger for human health since they are 
considered carcinogenic. PAH can be degraded by 
certain microorganisms and, therefore, enhancing the 
development of particular microbial communities in 
contaminated soils can be promising for 
bioremediation [62]. To illustrate this, Li et al. (2006) 
showed that vetiver grass is able to accelerate the 
dissipation of benzo[a]pyrene in water by increasing 
the microbial activity in the rhizosphere soil [63]. Nisa 
and Rashid (2015) recently investigated the 
phytoremediation effectiveness of vetiver plant in a 
diesel-contaminated soil by PAHs (including 
benzo[a]pyrene). It was found that vetiver is able to 
undertake PAH [64]. Nevertheless, the translocation of 
PAH from roots to shoots is limited particularly for 
benzo[a]pyrene. The authors concluded that vetiver 
phytoremediation is a viable choice for PAH 
decontamination, given enough time for plant 
establishment and contaminant degradation [64]. 

Ethidium bromite, a substance commonly used for 
DNA-staining in electrophoresis is considered highly 
mutagenic and toxic. Vetiver grass was proposed for 
phytoremediation for such compound due to its ability 
to uptake 0.7 μg of ethidium bromite per kg, high 
biomass production and rapid growth rate [33]. 
Another example of a highly toxic contaminant is 
acrylamide, building block for polyacrylamide gels, 
commonly used in DNA and RNA analysis. 
Polyacrylamide presents no harmful effect in the 
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environment, however, it can be degraded into 
acrylamide, a carcinogenic and neurotoxic compound 
that can contaminate water and soil [65]. Vetiver plant 
was investigated for the treatment of acrylamide-
contaminated soils. Paz-Alberto et al. (2011) proved 
that vetiver is very tolerant to such pollutant, capable 
of massively up-taking acrylamide from the soil due to 
its long, dense and extended root system [65]. 

2.2.3 Wastewater treatment strategies 
Vetiver proves to be efficient in reducing biochemical 
oxygen demand (BOD) and enhancing total nitrogen 
(TN) and total phosphorus (TP) removal from 
wastewater [3, 17, 25]. Boonsong and Chansiri (2008) 
demonstrated that vetiver grass has high survival rates 
in high concentration domestic wastewater and that the 
highest BOD, TN and TP treatment efficiencies occur 
at the highest concentrations of pollutants [3]. Vetiver 
grass is shown to be promising for in situ domestic 
wastewater treatment [3]. Moreover, Chua et al. (2012) 
investigated the performance of vetiver grass in a 
floating wetland system for treating urban runoffs [66]. 
The average nutrient uptake rates (mg day-1 m-2) with 
vetiver grass were 1.74 and 0.16 for TN and TP, 
respectively. Furthermore, Darajeh et al. (2016) 
demonstrated the effectiveness of a vetiver grass 
floating system in the treatment of palm oil secondary 
effluents [17]. The results have shown an impressive 
decrease in organic matter of 96% (BOD), proving 
vetiver system as an innovative, cheap and efficient 
tool for organic matter removal of these kind of 
effluents. Moreover, Ramos et al. (2017) recently 
evaluated the pollutant removal from swine wastewater 
in horizontal-flow constructed wetlands using vetiver 
grass [25]. The authors estimated organic matter, TN 
and TP removal efficiencies of 81, 36 and 45%, 
respectively, which are quite satisfactory and close to 
other plants used in this kind of treatment. Moreover, 
vetiver can be used to treat heavy metals-contaminated 
water systems [1]. For instance, the removal of heavy 
metals from wastewater was studied by Singh et al. 
(2015), using a batch scale floating platform [10]. The 
authors showed optimum growth of vetiver at a pH 6-9 
and effective removal of Pb and Cr, ranging from 80 to 
94% for Pb and 77-78% for Cr. As another example of 
vetiver application in wastewater with heavy metals, 
Sobahan et al. (2015) presented a successful 2-step 
process for heavy metal phytoremediation involving 
vetiver grass [16]. A two-step wastewater treatment 
technique was proposed comprising, in the first stage, 
a Pseudomonas aerogionosa bioreactor and, in the 
second stage, vetiver grass cultivation. At the first stage 

a large part of the contamination is removed, which 
results in lower heavy metals concentrations and 
toxicity in the second stage, allowing improved 
vetiver’s growth rate. The two-step process was more 
efficient than a direct only vetiver treatment [16]. 

2.3 Agriculture 
2.3.1 Soil quality enhancement 
Vetiver grass reveals to be an interesting plant-based 
agro-tool for soil quality enhancement. In fact, besides 
the environmental quality it advantages, the utilization 
of vetiver grass as a tool for soil and water conservation 
(section 2.1) can directly improve agro-practices. 
Vetiver grass may be intercropped within other 
plantations in order to improve agriculture soil 
structure and stability, avoid soil erosion and increase 
field’s permeability to water, elements that can lead to 
enhanced growth and higher crop productivities in the 
target fields. In fact, Yaseen et al. (2014) reported that 
intercropping is required to sustain the productivity of 
vetiver grass essential oil when the available land 
resources are [9]. Since vetiver industrial crop is 
planted with wide row spacing and presents a slow 
growth in the first 2-3 months, infestation of weeds 
may occur in the inter row spaces. Therefore, land 
productivity can be improved by introducing 
complementary and well-suited fast growing crops in 
the inter row spaces. Land use efficiency increased 
130% for the vetiver-sweet basil-radish-T.minuta 
intercropping system, and 35% higher net return is 
obtained compared to sole crop of vetiver [9]. Another 
example is given by Babalola et al. (2007), who studied 
the vetiver grass strips and mulch effectiveness in soil 
conservation and maize agricultural yields 
improvement. It was found that vetiver mulch lead to 
higher grain yields, while vetiver strips helped for 
higher effectiveness in reducing runoff and lowering 
soil losses [20]. Therefore, Babalola et al. (2007) 
proposed to combine vetiver grass strips and vetiver 
grass mulch in the field in order to achieve better yields 
and soil, water and nutrients conservation [20]. 
Moreover, Sujatha et al. (2011) studied the feasibility 
of intercropping vetiver grass in arecanut (Areca 
catechu L.) plantation in the context of organic farming 
in India [7]. According to Sujatha et al. (2011), vetiver-
arecanut total system productivity equals 3231 kg ha-1, 
considerably larger than the average productivity of 
arecanut in India (1400 kg ha-1) [7]. Lastly, vetiver 
intercropping leads to an increase in the resource use 
efficiencies and net return per unit area [7]. 
Furthermore, Oshunsanya (2013a) evaluated the effect 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 129 Volume 2, 2017



of the spacing of vetiver grass hedgerows in soil 
accumulation levels and maize-cassava intercrop 
system yields. Soil accumulation levels were affected 
by the spacing between hedgerows: wider intervals 
lead to larger accumulation [21]. Additionally, both 
maize grain and cassava tuber yields were higher than 
the no-hedgerow control crops [21]. Moreover, 
Oshunsanya (2013b) investigated the effects of vetiver 
grass alleys in other crops such as okra, sweet potato 
and yam tubers [22]. Soil quality was improved due to 
the fallow and long-term effect of vetiver grass alleys 
placed within the plantation. 

Likewise, vetiver grass phytoremediation can be used 
for agriculture soil decontamination in order to reduce 
the levels of pollutants and improve the performance of 
the crops. Several cases described in section 2.2 can be 
applied in the context of agriculture soil improvement. 
As an example, Dousset et al. (2016) provided with an 
interesting application of vetiver remediation in cotton 
fields and urban vegetable agriculture plots in Burkina 
Faso [18]. The effect of the use of vetiver hedges to 
reduce the concentration of micropollutants such as 
endosulfan and heavy metals (Cd and Cu) derived from 
urban solid wastes was investigated. Furthermore, 
vetiver leads to the reduction the micropollutants 
concentrations since it was able to degrade endosulfan 
and to accumulate large quantities of heavy metals in 
its roots. Lower micropollutant concentrations were 
verified in the shoots, which reveals to be beneficial 
since it prevents heavy metals from entering the 
ecosystem food chain [18]. Additionally, vetiver roots 
increased soil macroporosity and, consequently, the 
water infiltration rate in the soils, contributing to higher 
access to water by the crops. Concluding, vetiver edges 
can greatly improve soil and groundwater qualities, 
presenting advantages for cotton and urban vegetable 
crops in Burkina Faso [18]. 

2.3.2 Termite control 
Termites are an example of serious plants menaces 
threatening agriculture producers and leading to huge 
losses of perennial crops [67]. Biological methods have 
been proposed for termite control as an alternative to 
the use of chemicals that lead to additional pollution 
and development of resistance by the target insects. 
Within the bio-based methods, the use of plant essential 
oils with insecticidal action has become popular. 
Vetiver grass oil, proved to be one of the most effective 
due to its long-lasting activity [67]. Various authors 
have proved the effectiveness of the oil present in 
vetiver’s roots for termite control [28, 68, 69]. 

Additionally, nootkatone, compound existing in vetiver 
roots, is also capable to disrupt termite behavior [70]. 
The insecticide activity of both vetiver oil and 
nootkatone is associated to the toxic effect of such 
compounds in the protozoa present in the termite gut 
which are responsible for the termite’s digestion. Such 
toxic effect progressively leads termites to starvation 
and death. Maistrello et al. (2001) found that vetiver 
grass oil or nootkatone sand pretreatment can 
significantly reduce the total length of the tunnels 
constructed by the termite Coptotermes formosanus 
Shiraki, when compared to non-treated or cedrene-treat 
sand [68]. Moreover, Nix et al. (2006) evaluated the 
effect of using vetiver grass roots as soil mulch to act 
against the same subterranean termites C. formosanus. 
In this study, vetiver root mulch (with a root to sand 
ratio of 25% in mass) proved to reduce termite 
tunneling activities/wood consumption and increased 
termite mortality [28]. One recent study performed by 
Van Du et al. (2015) proved that vetiver grass compost 
enhances cacao (Theobroma cacao) plant growth and 
contributes for termite control around such crop [69]. 
Besides the proven technical efficiency for termite 
control in various crops, Ewetola et al. (2017) 
investigated social acceptance and Nigerian farmer’s 
perception on vetiver grass application for termite 
control [71]. The authors identified the necessity for the 
increase of the farmer’s awareness regarding vetiver 
grass potential for control of termites. 

2.4 Households 
The use of vetiver leaves for household needs have 
been practiced since earliest time in several parts of the 
world. Due to the development of new materials and 
modernization, vetiver-based construction materials 
have been slowly replaced. However, these modern 
materials are blamed for larger climate change impact 
and pollution due to their energy intensive 
manufacturing process. In the recent years, more 
priority is given to climate change mitigating process 
and vetiver could be reintroduced in households. A new 
building material based on vetiver grass ash for use in 
the rural areas of the developing countries was 
experimentally investigated [34]. Vetiver ash revealed 
to have 7% higher silica content and seven times higher 
potassium oxide (K2O) content than fly ash, being 
classified as class C pozzolana according to ASTM 
requirements. Thus, vetiver ash mortar can be used as 
a building material for sewers, foundations, marine 
infrastructures and also constructions under chemically 
exposure due to their higher resistance to acids [34]. A 
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paddy storage silo at pilot scale (3 m height and 
diameter with 10 t capacity) was constructed utilizing 
vetiver grass and clay. Clay serves as matrix and 
vetiver grass as reinforcing fiber. Axial compression, 
flexural, shearing, tensile, bearing, and density of 
vetiver-clay bundle were proved to be adequate. The 
quality of paddy stored at the top, middle and bottom 
of vetiver-clay silo bin was shown to be unchanged in 
ambient temperature, relative humidity and moisture 
content tests [72]. Moreover, vetiver grass can be used 
as roof thatch in rural houses due to its wax coating and 
unique scent that presents water proof and insect 
repellent capacities. They are more durable compared 
to other type of grasses and are last long while used in 
steep roof compared to that of flatted roof [73, 74]. 
Recently, vetiver grass was explored for its use in 
ceramic production for replacing feldspar due to its 
high potassium and silica content. Thermal analysis 
revealed that vetiver grass can act as a flux agent at low 
temperatures (600°C) to form a glassy phase and can 
be an option for promoting environmental 
sustainability in terms of waste and mining reductions 
[73]. Furthermore, Ruksakulpiwat et al. (2007) 
reported vetiver grass use as a filler material in 
polypropylene composite [35]. Vetiver–polypropylene 
(PP) composites were prepared using injection molding 
with different vetiver contents and lengths, and their 
properties were studied. Larger vetiver contents lead to 
composite’s viscosity, Young’s modulus, heat 
distortion and crystallization temperature increase, and 
tensile strength, decomposition temperature, impact 
strength, elongation at break decrease. The mechanical 
and the impact properties were further improved by 
chemical and rubber treatment [35]. Lastly, as an 
interesting application of vetiver-derived products in 
households, vetiver oil could be used to treat wood 
against termite and wood borers attack. Coating wood 
with vetiver oil preserves the wood for long time [76]. 
With the increase in demand for more bio-products and 
climate change mitigation policies, research in vetiver-
based composites is expected to increase in future 
years. 

2.5 Energy 
While using vetiver roots for improving soil structure 
and in some cases for decontamination, the upper part 
of the plant may be used as an energy crop. Different 
conversion techniques can be applied to valorize 
vetiver leaves biomass into biofuels, for instance, based 
on biological processes, thermochemical, biochemical 
or combinations of those. Vetiver leaves are made of 

lignocellulosic biomass presenting cellulose, 
hemicellulose and lignin contents of typically 32.6%, 
31.5% and 17.3% (dry basis), respectively [77]. The 
biomass composition of the vetiver grass varies 
depending on its origin and ecotype [11]. Moreover, as 
presented in further sections, the oil present in the roots 
of vetiver grass plant has a high commercial value and 
it is frequently used in pharmaceutical, cosmetics and 
perfumery industries. Another alternative is to valorize 
the remaining parts of the vetiver roots (which comes 
from the vetiver essential oil extraction process) for the 
production of energy. 

Bioethanol production from vetiver grass-derived 
sugars was reported by Rao et al. (2015) and 
Wongwatanapaiboon et al. (2012) [74, 11]. In order to 
produce bioethanol, first vetiver grass undergoes one or 
more pretreatment stages in order to improve the access 
to cellulose by cellulases, followed by an enzymatic 
process that hydrolyses cellulose fibres and forms 
simple sugars. Afterwards, the simple sugars can be 
further converted into ethanol through fermentation. 
Rao et al. (2015) reported 13% (w/w) ethanol/grass 
yield using alkaline pretreatment, cellulosic hydrolysis 
and fermentation [74]. Moreover, among another 18 
types of grasses in Thailand, Wongwatanapaiboon et 
al. (2012) showed that the Sri Lank ecotype vetiver 
grass presented the highest ethanol production 
performance: 1.14g/L and yield of 0.14 g ethanol/g 
substrate [11]. The higher ethanol production 
efficiencies in this study can be justified since the 
authors performed the co-fermentation of glucose and 
xylose [11, 13]. Additionally, Raman and Gnansounou 
(2015) investigated the environmental impacts of a 
standalone bioethanol production system from vetiver 
leaves in the geographical context of India [77]. 
Greenhouse gas emissions and fossil depletion impacts 
of bioethanol were lower than the reference petrol 
system in 95% and 23%, respectively [77]. The authors 
highlighted the economic and environmental potential 
of the use of vetiver leaves in the context of 
multiproduct biorefinery platform, manufacturing 
bioethanol (from C6 sugars) and furfural (from C5 
sugars).  

Still within the biofuels application, Li et al. (2014) 
investigated the potential of producing biogas from the 
above-ground vetiver biomass in the context of 
ecological restoration of China [14]. Biogas was 
produced with a batch anaerobic fermentation and 
drainage collection process. The authors concluded that 
vetiver plant has a large potential to be used as a raw 
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material for biogas production in China and that the 
biogas productivity can vary depending on the harvest 
period. Moreover, Crocamo et al. (2015) studied the 
production of biogas through anaerobic digestion from 
vetiver grass [4]. The use of the digestate from the 
digestion chamber (rich in nutrients) as soil amendment 
was also investigated. The authors found that specific 
methane production yield with vetiver grass was 650 
Nm3 against 510 Nm3 per ton of total organic carbon 
for other common grasses. Additional tests have 
proved the effectiveness of us of the digestate as a 
fertilizer. 

Due to the high biomass production, vetiver dried grass 
bunches are suitable also for the production of 
briquettes or pellets (ref 1). Briquettes or pellets are 
used as fuel, commonly for heat generation. Vetiver 
grass has a reasonable energy value of 16.3 GJ/t, 
compared to dry wood 19.8 GJ/t and sugarcane bagasse 
9.3 GJ/t [78]. However, further research on vetiver 
foliage combustion must be performed in order to 
investigate, first, the impacts of vetiver combustion in 
terms of noxious compounds emissions, derived from 
vetiver’s high nitrate absorption, and, second, the 
impact of silica on furnaces [78]. Meantime, the United 
Nations Environment Programme (UNEP) has 
published a report on feasibility assessment for 
implementation vetiver charcoal production enterprise 
in Haiti. The results showed that vetiver leaves 
performed very well indicating that leaves are a 
suitable energy source. In contrast, the use of vetiver 
root residues for production of green charcoal is proved 
to be inefficient due to the large quantity of dirt and 
sediments in the roots [79]. Nevertheless, Unikode 
enterprise located in Haiti is currently producing and 
commercializing briquettes utilizing vetiver including 
vetiver leaf biomass provided by the small holders and 
vetiver root biomass provided from vetiver oil 
distilleries [80]. 

2.6 Perfumery and medicinals  
By 2022, the vetiver oil market is expected to reach 
USD 169.5 million globally according to Grand View 
Research [81]. From the early times vetiver oil has been 
produced locally and used as perfumes and medicine. 
However, only in the recent decades they are produced 
and marketed in industrial scale. Vetiver fibrous roots 
contain, in average, 1-3 % (dry weight basis) of oil. The 
crop oil recovery yield is reported as 10-30 kg of oil per 
hectare. Vetiver oil is largely produced worldwide, 
coming mostly from Haiti, Indonesia and India, with an 
estimated capacity of 300-350 tons/year [6]. The 

essential oil is typically obtained by steam distillation, 
leaving abundant root residues [27]. Vetiver oil is 
vastly appreciated for the formulation of high grade 
perfumes due to its woody, earthy and grapefruit odor. 
It is produced by distillation of vetiver using water or 
solvents. Vetiver oil has a huge structural diversity 
such as bicylic, tricylic sesquiterpenes, hydrocarbons, 
alcohol, and carboxylic acids, and excellent fixative 
properties that allow it to be used widely in perfumes 
and as the starting material for fragrance ingredients 
such as vetiverol, benzoic acid, furfurol, vetivone and 
vetivene [82]. Vetiver oil is mainly used for its dry 
woody base notes in perfumes and 250 kg of vetiver 
rool is used for producing 1 kg oil extract [83]. 
Approximately 10 % of the vetiver oil is 
conventionally transformed into vetiveryl acetate by 
chemical process and, recently, Notar et al. (2017) 
reported the environmental benign process for 
vetiveryl acetate using lipase enzyme catalyzed 
reaction of acetylation of alcohols [84]. 

Apart from its value in perfumery industry, vetiver oil 
is also used in cosmetics since the olden times. The 
vetiver roots are soaked in coconut hair oil to give 
fragrance and is still practiced in some rural parts of 
south India. In the recent years, the use of oil is wide 
spread in several cosmetic products such as soap, 
deodorants, lotions, shampoos and skin bleach. Vetiver 
oil is suitable for cosmetics due to its fragrance, low 
volatile additive characters and safety specifications 
[85-89]. Vetiver oil usage in cosmetics is expected to 
increase in future as consumers are demanding more 
sustainable cosmetics with natural ingredients [90]. 

Similar to its application in perfumes and cosmetics, 
vetiver oil is used as a medicine since antique time to 
treat dermatitis, hemorrhoids, fever, rheumatism, 
neuralgia, and fungal growth control [91-93]. In recent 
years, their application in medicine is supported by 
several research findings. Porras and Francisco (2002) 
received a patent for the invention relating the vetiver 
grass extract for increasing or restoring hair growth or 
preventing hair loss [91]. Another research study data 
suggests that vetiver grass oil has therapeutic potential 
for both cosmetic and metabolic health care products 
through bioactivity tests in a human skin disease 
model. Vetiver oil showed significant anti-proliferative 
activity, inhibited collagen III production, strongly 
modulated global gene expression and impacted 
several critical physiological processes signaling 
pathways related to tissue remodeling and cholesterol 
metabolism [94]. The effect of vetiver oil on 
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tuberculosis was studied by Saikia et al. (2012) who 
concluded that vetiver oil was active against both 
virulent and avirulent strains of M. tuberculosis [95]. 
The vetiver root extract could be potentially an 
antituberculosis agent. Moreover, vetiver oil has been 
tested as a mosquito repellent along with other plant 
oils such as citronella, hairy basil and catnip. The 
results confirmed that vetiver oil could serve as 
potential mosquito repellent products against Cx. 
quinquefasciatus and An. minimus mosquitos. A 
similar study was reported for Malaria vector 
Anopheles stephensi, anti-inflammatory, anti-oxidant 
and anti/fungal property of vetiver oil [96-98]. Vetiver 
oil is also used in aromatherapy within hospice and 
palliative care for cancer patients since it can alleviate 
pains caused by cancer and decrease symptoms like 
chronic fatigue, pain, insomnia and anxiety [99]. 

2.7 Other applications 
Vetiver gas cultivation could be a fire breaker in rural 
area where most of the fire starts from dry grass. As 
vetiver grass leaves are green and succulent even 
during the dry season, it prevents spreading of such 
fires. On the other hand with huge fires even if the grass 
burns, it roots remains intact and grass grows very 
rapidly [36, 73].  

While vetiver is used for the above said applications, it 
indirectly contributes to carbon sequestering and favors 
climate change mitigation [100, 101]. The roots and the 
grass are rich in carbon and they can grow very fast 
with limited water and nutrients in most of the weather 
conditions. However, when the grass is cultivated for 
their roots without sustainable practice it could have a 
negative impact in the environment. Vetiver grass and 
roots could be a potential raw material for pulp and 
paper production due to its high cellulose content [102, 
103].  Recently, Chandranupap and Chandranupap 

(2012) reported pulp production from vetiver grass 
with NH4OH-KOH-AQ mixtures capable for making 
printing and writing paper [104]. In addition, from the 
large scale production of vetiver oil from its roots, a 
huge amount of lignocellulose residues are obtained 
that are suitable for activated carbon production [105]. 
Altenor et al. (2013) reported the activated carbon 
production with high surface area greater than 1000 
m2/g and up to 1.19 cm3/g high pore volume to absorb 
phenol and methylene blue using vetiver roots as raw 
materials, steam and H3PO4 as activation agents [27]. 
Furthermore, both vetiver leaves and the remaining 
root lignocellulosic residues from vetiver oil industries 
may be considered for the production of biochemicals. 
Another interesting research field is the study of 
strategies for the valorization of the lignin fraction 
present in these residues. 

Herbal drink is produced using vetiver grass [106, 107]. 
The herbal juice concentrate is commercially available 
from Usheera Industries Karnataka, India. In addition 
to these applications, vetiver can also be used in textile 
industry, mushroom cultivation, vermicomposting and 
manufacturing of food additives [12, 74, 92, 108, 109]. 

3. Policy recommendations and 
limitations 
The above mentioned applications fall under three 
benefit groups, as it is summarized in Table 1. The 
current classification of vetiver benefits proves that 
vetiver cultivation has the potential to play a crucial 
role in economy, environment and social aspect around 
the world. However, its potential in large scale has not 
been achieved due to poor policy and the lack of 
promoting activities. Therefore, framing policies and 
implementing those policies are vital to harness all the 
benefits of vetiver.

 
Table 1: Economic, environmental and social benefits of vetiver grass cultivation. 

Economic benefits Environmental benefits Social benefits 
 Intercropping vetiver for improve 

land use efficiency and economic 
net return. 

 Pests control brings larger 
productivities and lower losses. 

 Vetiver oil for perfumery, 
cosmetics and medicine could 
generate good return. 

 House hold articles, herbal drink; 
mushroom cultivation will fetch 
additional income and increases the 
use of bio products. 

 Soil conservation, 
decontamination and 
enrichment. 

 Water conservation, lower need 
for irrigation and water saving. 

 Groundwater and wastewater 
treatment. 

 Vetiver cultivation is an 
environmental tool for C 
sequestration, climate change 
and its damage mitigation. 

 Food and water security by using vetiver to 
decontaminate soils and underground water. 

 Use in medicine applications and natural 
perfume improving the health and well-
being of the communities. 

 Local development and higher agriculture 
stability due to the ability to grow crops 
more efficiently. 

 Increasing the employment and economic 
status of rural population. 

 Energy supply to rural population – 
improving energy security. 
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3.1 Policy recommendations 
At the time being, only vetiver oil has been 
commercialized and other few applications (e.g. 
vetiver drink) have been implemented in large scale so 
far. Other applications are still in initial research scale 
or pilot scale, therefore, the policy framework should 
introduce several project funding in order to promote 
further research in vetiver cultivation and scale-up 
projects. The creation of partnerships between 
academia, private industries and non-government 
organizations should be promoted. New vetiver policy 
must comply long-term, self-supporting, non-
disruptive (does not require large changes), efficient 
(leads to significant benefits at low cost), supportive 
(leads to benefits other than the main benefit), effective 
and implementable actions [110]. Accordingly, policy 
recommendations for vetiver cultivation and its 
application are provided in the following paragraphs. 

Promoting vetiver cultivation and maintenance of the 
crops: the governments should come forward to: 
conduct workshops and know-how camps to increase 
and spread knowledge on vetiver and to rise the 
demand for vetiver-based products; provide subsidies 
to attract more farmers towards vetiver stand-alone 
cultivation and intercropping cultivation strategies; 
enhance agents capacity in technology application in 
order to facilitate and support farmers to adopt the 
technology [111]; organize land users groups favoring 
knowledge and benefit sharing; open several nurseries 
to have adequate vetiver saplings and seeds [111]; 
strengthen government services to encourage non-
government organizations to regulate the maintenance 
of vetiver cultivation; regulate vetiver root harvest only 
in selected regions through income based licensing and 
quota process; set national level annual targets to 
implement vetiver cultivation schemes and 
maintenance; ; apply stringent quality control and 
regulation for vetiver application in medicine, food and 
cosmetics in order to prevent from the presence of toxic 
compounds due to the bioremediation features of 
vetiver. 

Improving vetiver goods trading, partnerships and 
sustainability: improve supply-chain infrastructures 
towards effective logistics and transportation of vetiver 
in/outputs; generate cooperatives, linking several 
villages to ensure easy vetiver goods trading and 
quality monitoring; frame and implement new 
regulations to corporates buying vetiver to implement 
fair prices for the local producers and respect of 
indigenous rights; increase private industries 

partnerships by providing tax incentives; promote 
vetiver cultivation as a sustainability tool through 
international cooperation and collaboration involving 
developed and developing countries; provide financial 
incentives to private landowners and support public 
projects for government land to cultivate vetiver; 
implement vetiver cultivation in carbon credit 
programs to attract funding as vetiver plantation favors 
carbon sequestering; channel funds to life cycle and 
sustainability assessment studies in order to 
characterize vetiver cultivation for conservation 
purposes and other applications. 

Encouraging vetiver research: implement supportive 
measures to use vetiver grass leaves for energy and 
biochemicals production, and increase the income of 
farmers and rural employment generation; initiate 
research to improve vetiver cultivation techniques for 
obtaining lower crop oil yields for conservation 
strategies and higher crop oil yields for perfumery 
application, e.g. by adding microbes to soil [112]. 

3.2 Limitations 
Despite their vast application potential, vetiver 
cultivation and use have few drawbacks that need to be 
addressed carefully before its implementation at large 
scale. At present, the main goal of vetiver cultivation in 
many parts of the world is to utilize the roots to extract 
oil. When the roots are dug from the ground, the soil 
becomes more vulnerable to erosion leading to 
negative impacts. Therefore, if the purpose is to use 
vetiver for conservation purposes, stringent rules are 
required for vetiver cultivation and roots harvesting. 
Control measures should be implemented by the 
corporates to forbid collection of roots from such 
misuse. Government should also charge heavy fines for 
such collection and form several vigilant teams to 
check such actions. Since these measures would not be 
socially acceptable due to the necessity of strong and 
authoritarian governance, a scientific research option 
should be encouraged: develop species of vetiver grass 
with very poor oil content of the roots. In addition, the 
removal of the roots for oil extraction in the case of the 
conventional species must follow the rules drafted in 
the Natural Resources Stewardship Circle (NRSC). 
That includes: a) keeping the minimum age of the roots 
to 12 months and harvest in dry season; b) maintaining 
transparency along the supply chains; c) encourage 
ethics and fair trade; d) address the regional 
environmental issues where the crops are grown and 
long-term commitment [113]. Moreover, research on 
other means of vetiver cultivation for oil extraction has 
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to be initiated to fulfill the future vetiver oil demand 
without affecting the environment. An example is to 
implement indoor cultivation techniques (LED based 
indoor farms) in waterways through plant 
biotechnology and tissue culture. Invasive varieties of 
vetiver should be completely avoided, diseases 
associated with vetiver should be identified and control 
measures applied to eradicate these diseases. Many 
rural parts of world prone to erosion are not aware of 
vetiver cultivation and its application still due to poor 
infrastructure, communication and financial issues. 
Such areas should be identified in order to introduce 
vetiver conservation projects through social 
improvement fund in collaboration with developed 
countries. 

4. Conclusions 
Research studies, conservation projects and 
commercial projects on vetiver cultivation prove that, 
vetiver has the potential to provide economic, 
environmental and social benefits in several rural parts 
of the world. Its long deep root, dense moist shoot, 
ability to thrive in extreme weather conditions with 
minimal maintenance, and use in vast application make 
this plant superior for conservation and rural 
development projects. However, in reality the real 
benefits of vetiver is not harnessed to full so far due to 
lack of appropriate policy measures and regulations, 
adequate funding and international collaboration. In 
addition, most of the vetiver cultivated is streamed only 
towards certain applications. Therefore, owing to its 
vast application and demand for natural soil erosion 
remedy, energy and bioproducts, several vetiver 
conservation projects that could be a win- win situation 
for both people and environment should arise in future. 
This could be achieved through collaborative efforts 
from the developed, developing countries. In addition, 
more research inputs and development of modern 
cultivation techniques and machineries are necessary to 
enhance the quality and applicability of vetiver. 

 

References: 
[1] Gupta Piyush, Surendra Roy, Amit B 

Mahindrakar, Treatment of water using water 
hyacinth, water lettuce and vetiver grass-A 
review, Resources and Environment, Vol.2, 
No.5, 2012, pp.202-215. 

[2] Mickovski Slobodan B, LPH van Beek, F Salin, 
Uprooting of vetiver uprooting resistance of 
vetiver grass (Vetiveria zizanioides), Plant and 
Soil, V.278, No.1, 2005, pp.33-41. 

[3] Boonsong Kanokporn, Monchai Chansiri, 
Domestic wastewater treatment using vetiver 
grass cultivated with floating platform 
technique, Assumption University: J. Technol, 
Vol.12, No.2, 2008, pp.73-80. 

[4] Crocamo Angelo, Santino Di Bernardino, 
Raffaele Di Giovanni, Massimiliano 
Fabbricino, Susete Martins-Dias, An integrated 
approach to energy production and nutrient 
recovery through anaerobic digestion of 
Vetiveria zizanoides, Biomass and Bioenergy, 
Vol.81, 2015, pp. 288-293. 

[5] Nirola Ramkrishna, Mallavarapu Megharaj, 
Simon Beecham, Rupak Aryal, Palanisami 
Thavamani, Kadiyala Vankateswarlu, 
Christopher Saint, Remediation of metalliferous 
mines, revegetation challenges and emerging 
prospects in semi-arid and arid conditions, 
Environmental Science and Pollution Research, 
Vol.23, No.20, 2016, pp.20131-20150. 

[6] Lal RK, On genetic diversity in germplasm of 
vetiver ‘Veteveria zizanioides (L.) Nash’, 
Industrial Crops and Products, Vol.43, 2013, 
pp.93-98. 

[7] Sujatha S, Ravi Bhat, C Kannan, D Balasimha. 
Impact of intercropping of medicinal and 
aromatic plants with organic farming approach 
on resource use efficiency in arecanut (Areca 
catechu L.) plantation in India, Industrial crops 
and products, Vol.33, No.1, 2011, pp.78-83. 

[8] Singh Munnu, Neha Guleria, Eranki VS Prakasa 
Rao, Prashant Goswami, Efficient C 
sequestration and benefits of medicinal vetiver 
cropping in tropical regions, Agronomy for 
sustainable development, Vol.34, No.3, 2014, 
pp.603-607. 

[9] Yaseen Mohd, Man Singh, Dasha Ram, 
Growth, yield and economics of vetiver 
(Vetiveria zizanioides L. Nash) under 
intercropping system, Industrial Crops and 
Products, Vol.61, 2014, pp.417-421. 

[10] Singh Veralika, Lokendra Thakur, Prasenjit 
Mondal, Removal of lead and chromium from 
synthetic wastewater using Vetiveria 
zizanioides, CLEAN–Soil, Air, Water, Vol.43, 
No.4, 2015, pp.538-543. 

[11] Wongwatanapaiboon Jinaporn, Kunn 
Kangvansaichol, Vorakan Burapatana, 
Ratanavalee Inochanon, 
PakornWinayanuwattikun, Tikamporn 
Yongvanich, Warawut Chulalaksananukul, The 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 135 Volume 2, 2017



potential of cellulosic ethanol production from 
grasses in Thailand, BioMed Research 
International, 2012, pp.1-10. 

[12] Sornprasert R, S Aroonsrimorakot, Utilization 
of Vetiveria Zizaniodes (L.) Nash Leaves in 
Ganoderma Lucidum Cultivated. APCBEE 
Procedia, Vol.8, 2014, pp.47-52. 

[13] Banka Alison, Tidarat Komolwanich, Sujitra 
Wongkasemjit, Potential Thai grasses for 
bioethanol production, Cellulose, Vol.22, No.1, 
2015, pp.9-29. 

[14] Li Yuying, Xuemin Rena, Erik Dahlquistb, 
Panpan Fana, Tang Chaoa, Biogas potential 
from Vetiveria zizaniodes (L.) planted for 
ecological restoration in China, Energy 
Procedia, Vol.61, 2014, pp.2733-2736. 

[15] Zhang Xingfeng, Bo Gao, Hanping Xia, Effect 
of cadmium on growth, photosynthesis, mineral 
nutrition and metal accumulation of bana grass 
and vetiver grass, Ecotoxicology and 
environmental safety, Vol.106, 2014, pp.102-
108. 

[16] Sobahan MD Abdus, Mir Sujaul Islam, Rosli 
Mohd Yunus, MD Abdul Karim, Evaluation of 
novel bio-friendly two-step process in the 
removal of heavy metals from the wastewater, 
Bangladesh Journal of Botany, Vol.44, No.4, 
2015, pp.571-579. 

[17] Darajeh Negisa, Azni Idris, Hamid Reza Fard 
Masoumi, Abolfazl Nourani, Paul Truong, Nor 
Asrina Sairi, Modeling BOD and COD removal 
from Palm Oil Mill Secondary Effluent in 
floating wetland by Chrysopogon zizanioides 
(L.) using response surface methodology, 
Journal of environmental management, 
Vol.181, 2016, pp.343-352. 

[18] Dousset Sylvie, Norbert Ondo Zue Abaga, 
David Billet, Vetiver Grass and Micropollutant 
Leaching Through Structured Soil Columns 
Under Outdoor Conditions, Pedosphere, 
Vol.26, No.4, 2016, pp.522-532. 

[19] Teshome Jigar Yirsaw, The status of vetiver 
grass as a technique for soil and water 
conservation in Lay Armachiho woreda, Global 
Journal of Crop, Soil Science and Plant 
Breeding, Vol.4, No.1, 2016, pp.162-170. 

[20] Babalola O, SO Oshunsanya, K Are, Effects of 
vetiver grass (Vetiveria nigritana) strips, vetiver 
grass mulch and an organomineral fertilizer on 
soil, water and nutrient losses and maize (Zea 

mays, L) yields, Soil and Tillage Research, 
Vol.96, No.1, 2007, pp.6-18. 

[21] Oshunsanya SO, Spacing effects of vetiver 
grass (Vetiveria nigritana Stapf) hedgerows on 
soil accumulation and yields of maize–cassava 
intercropping system in Southwest Nigeria, 
Catena, Vol.104, 2013a, pp.120-126. 

[22] Oshunsanya SO, Crop yields as influenced by 
land preparation methods established within 
vetiver grass alleys for sustainable agriculture in 
Southwest Nigeria, Agroecology and 
sustainable food systems, Vol.37, No.5, 2013b, 
pp.578-591. 

[23] Kede Maria Luiza FM, Daniel Vidal Pérez, 
Josino Costa Moreira, Marcia Marques, Effect 
of Phosphates on the Bioavailability and 
Phytotoxicity of Pb and Cd in Contaminated 
Soil and Phytoextraction by Vetiver Grass, 
Journal of Environmental Engineering, 
Vol.143, No.3,2016, pp.1-6. 

[24] Meyer Edenilson, Diana Marcela Morales 
Londoño, Rafael Dutra de Armas, Admir José 
Giachini, Márcio José Rossi, Shantau Camargo 
Gomes Stoffel & Cláudio Roberto Fonsêca 
Sousa Soares, Arbuscular mycorrhizal fungi in 
the growth and extraction of trace elements by 
Chrysopogon zizanioides (vetiver) in a 
substrate containing coal mine wastes, 
International Journal of Phytoremediation, 
Vol.19, No.2, 2017, pp.113-120. 

[25] Ramos Nilton de Freitas Souza, Alisson Carraro 
Borges, Gustavo Castro Gonçalves, Antonio 
Teixeira de Matos, Swine wastewater treatment 
in constructed wetlands cultivated with 
Chrysopogon zizanioides e Polygonum 
punctatum on expanded clay bed, Engenharia 
Sanitaria e Ambiental, Vol.22, No.1, 2016, 
pp.123-132. 

[26] Brandt Regine, Nicole Merkl , Rainer Schultze-
Kraft , Carmen Infante, Gabriele Broll, 
Potential of vetiver (Vetiveria zizanioides (L.) 
Nash) for phytoremediation of petroleum 
hydrocarbon-contaminated soils in Venezuela, 
International Journal of Phytoremediation, 
Vol.8, No.4, 2006, pp.273-284. 

[27] Altenor S, MC Ncibi, N Brehm, E Emmanuel, 
S Gaspard, Pilot-Scale Synthesis of Activated 
Carbons from Vetiver Roots and Sugar Cane 
Bagasse, Waste Biomass Valor, Vol.4, 2013, 
pp.485-495. 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 136 Volume 2, 2017



[28] Nix Karen E, Gregg Henderson, Betty CR Zhu, 
Roger A Laine, Evaluation of vetiver grass root 
growth, oil distribution, and repellency against 
formosan subterranean termites, HortScience, 
Vol.41, No.1, 2006, pp.167-171. 

[29] Das Padmini, Rupali Datta, Konstantinos C 
Makris, Dibyendu Sarkar, Vetiver grass is 
capable of removing TNT from soil in the 
presence of urea, Environmental pollution, 
Vol.158, No.5, 2010, pp.1980-1983. 

[30] Das Padmini, Dibyendu Sarkar, Konstantinos C 
Makris, Rupali Datta, Urea-facilitated uptake 
and nitroreductase-mediated transformation of 
2, 4, 6-trinitrotoluene in soil using vetiver grass, 
Journal of Environmental Chemical 
Engineering, Vol.3, No.1, 2015, pp.445-452. 

[31] Das Padmini, Dibyendu Sarkar, Rupali Datta, 
Kinetics of nitroreductase-mediated 
phytotransformation of TNT in vetiver grass, 
International Journal of Environmental Science 
and Technology, Vol.14, No.1, 2017, pp.187-
192. 

[32] Rahardjob H, A Satyanagaa, EC Leongc, VA 
Santosod, YS Nge, Performance of an 
instrumented slope covered with shrubs and 
deep-rooted grass, The Japanese Geotechnical 
Society, Vol.54, No.3, 2014,  pp.417-425. 

[33] Danh Luu Thai, Paul Truong, Raffaella 
Mammucari, Tam Tran, Neil Foster, Vetiver 
grass, Vetiveria zizanioides: a choice plant for 
phytoremediation of heavy metals and organic 
wastes, International Journal of 
Phytoremediation, Vol.11, No.8, 2009, pp.664-
691. 

[34] Nimityongskul, Pichai, Surak Panichnava, 
Thammanoon Hengsadeekul, Use of vetiver 
grass ash as cement replacement materials, 
proc. ICV-3, 2003, pp.148-159. 

[35] Ruksakulpiwat Yupaporn, Jatuporn Sridee, 
Nitinat Suppakarn, Wimonlak Sutapun, 
Vetiver–polypropylene composites: physical 
and mechanical properties, Composites Part A, 
Applied Science and Manufacturing, Vol.38, 
No.2, 2007, pp.590–601. 

[36] NRC, Vetiver Grass: A Thin Green Line against 
Erosion. National Research Council. National 
Academy Press, Washington, D.C. 1993. 

[37] Mekonnen Mulatie, Saskia D. Keesstra, Leo 
Stroosnijder, Jantiene EM Baartman, Jerry 
Maroulis, Soil conservation through sediment 

trapping: a review, Land Degradation & 
Development. Vol.26, No.6, 2015, pp.544-556. 

[38] Morgan, Royston Philip Charles. Soil erosion 
and conservation, John Wiley & Sons, 2009. 

[39] Nearing MA, Jetten V, Baffaut C, Cerdan O, 
Couturier A, Hernandez M, Le Bissonnais Y, 
Nichols MH, Nunes JP, Renschler CS, 
Souchère V. Modeling response of soil erosion 
and runoff to changes in precipitation and cover, 
Catena, Vol.61, No.2, 2005, pp.131-154. 

[40] Mickovski SB, LPH Van Beek, Root 
morphology and effects on soil reinforcement 
and slope stability of young vetiver (Vetiveria 
zizanioides) plants grown in semi-arid climate. 
Plant and soil, Vol.324. No.1-2, 2009, pp.43-
56. 

[41] Das A, S Sudhishri, NK Lenka, US Patnaik, 
Runoff capture through vegetative barriers and 
planting methodologies to reduce erosion, and 
improve soil moisture, fertility and crop 
productivity in southern Orissa, India. Nutrient 
Cycling in Agroecosystems, Vol. 89, No. 1, 
2011, pp.45-57. 

[42] Agri-Plus, SALT Microfinance Solutions, 
Haitian farmers enthused about sustainable 
farming methods, 2017. 
https://christianaidministries.org/haitian-
farmers-enthused-about-sustainable-farming-
methods 

[43] Cao L, Y Zhang, H Lu, J Yuan, Y Zhu, Y Liang, 
Grass hedge effects on controlling soil loss from 
concentrated flow: A case study in the red soil 
region of China, Soil and Tillage Research, 
Vol.148, 2015, pp.97-105. 

[44] Eab Kreng Hav, Suched Likitlersuang, Akihiro 
Takahashi, Laboratory and modelling 
investigation of root-reinforced system for 
slope stabilisation. Soils and Foundations, 
Vol.55, No.5, 2015, pp.1270-1281. 

[45] Meyer LD, SM Dabney, WC Harmon, 
Sediment-trapping effectiveness of stiff-grass 
hedges. Transactions of the ASABE. Vol.38, 
1995, pp.809-815. 

[46] McKergow Lucy A, Ian P. Prosser, Rodger B. 
Grayson, Dale Heiner, Performance of grass 
and rainforest riparian buffers in the wet tropics, 
Far North Queensland, Water quality Soil 
Research, Vol.42, No.4, 2004, pp.485-498. 

[47] Nasrin Shamima, Erosion control and slope 
stabilization of embankments using vetiver 
system, PhD thesis, BUET Institutional 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 137 Volume 2, 2017



Repository, Bangaldesh University of 
Engineering and Technology, 2013. 

[48] Somchai Donjadee, Tawatchai Tingsanchali, 
Soil and water conservation on steep slopes by 
mulching using rice straw and vetiver grass 
clippings, Agriculture and Natural Resources, 
Vol.50, No.1, 2016, pp.75-79. 

[49] Kidd James T, Chung R Song, Ahmed Al-
Ostaz, HD Alexander. Cheng, Wongil Jang, 
Erosion Control Using Modified Soils. 
International Journal of Erosion Control 
Engineering, Vol.4, No.1, 2011, pp.1-9. 

[50] Truong Paul, Tran Tan Van, Elise Pinners, 
Vetiver system applications: a technical 
reference manual, The Vetiver Network 
International, 2008. 

[51] Islam Mohammad Shariful, Shahriar BAM, 
Hossain Md Shahin, Study on growth of vetiver 
grass in tropical region for slope protection. 
Geotechnique, construction material and 
environment, The GEOMATE International 
Society, Tsu, 2013, pp.113-118. 

[52] Boonyanuphap Jaruntorn, Cost-benefit analysis 
of vetiver system-based rehabilitation measures 
for landslide-damaged mountainous 
agricultural lands in the lower Northern 
Thailand. Natural hazards, Vol.69, No.1, 2013, 
pp.599-629. 

[53] Diyabalanage Saranga, Samarakoon KK, SB 
Adikari, Tilak Hewawasam, Impact of soil and 
water conservation measures on soil erosion 
rate and sediment yields in a tropical watershed 
in the Central Highlands of Sri Lanka, Applied 
Geography, Vol.79, 2017, pp.103-114. 

[54] Ademe Yonas, Toyiba Shafi, Temesgen 
Kebede, Alemayehu Mullatu, Evaluation of the 
environmental and economic effectiveness of 
soil and water conservation practices in Wenago 
District, Southern Ethiopia, Journal of 
Development and Agricultural Economics, 
Vol.9, No.3, 2017, pp.37-45. 

[55] Hellin J, K Schrader, The case against direct 
incentives and the search for alternative 
approaches to better land management in 
Central America, Agriculture, ecosystems & 
environment, Vol.99, No.1, 2003, pp.61-81. 

[56] Bolan Nanthi S, Jin Hee Park, Brett Robinson, 
Ravi Naidu, Keun Young Huh, Chapter 4: 
Phytostabilization: A Green Approach to 
Contaminant Containment, Advances in 
agronomy, Vol.112, 2011, pp.145-204. 

[57] Phusantisampan Theerawut, Weeradej 
Meeinkuirt, Patompong Saengwilai, John 
Pichtel, Rattanawat Chaiyarat, 
Phytostabilization potential of two ecotypes of 
Vetiveria zizanioides in cadmium-contaminated 
soils: greenhouse and field experiments, 
Environmental Science and Pollution Research, 
Vol.23, No.19, 2016, pp.20027-20038. 

[58] Antiochia Riccarda, Luigi Campanella, Paola 
Ghezzi, K. Movassaghi, The use of vetiver for 
remediation of heavy metal soil contamination, 
Analytical and bioanalytical chemistry, 
Vol.388, No.4, 2007, pp.947-956. 

[59] Nanekar S, M Dhote, S Kashyap, SK Singh, AA 
Juwarkar, Microbe assisted phytoremediation 
of oil sludge and role of amendments: a 
mesocosm study, International Journal of 
Environmental Science and Technology, 
Vol.12, No.1, 2015, pp.193-202. 

[60] Singh Sudhir, JS Melo, Susan Eapen, SF 
D’Souza, Potential of vetiver (Vetiveria 
zizanoides L. Nash) for phytoremediation of 
phenol, Ecotoxicology and Environmental 
safety, Vol.71, No.3, 2008, pp.671-676. 

[61] Ho Ying-Ning, Dony Chacko Mathew, Shu-
Chuan Hsiao, Chun-Hao Shih, Mei-Fang Chien, 
Hsing-Mei Chiang, Chieh-Chen Huang, 
Selection and application of endophytic 
bacterium Achromobacter xylosoxidans strain 
F3B for improving phytoremediation of 
phenolic pollutants, Journal of hazardous 
materials, Vol.219, 2012, pp.43-49. 

[62] Abdel-Shafy Hussein I, Mona SM Mansour, A 
review on polycyclic aromatic hydrocarbons: 
source, environmental impact, effect on human 
health and remediation, Egyptian Journal of 
Petroleum, Vol.25, No.1-2, 2016, pp.107-123. 

[63] Li H, YM Luo, J Song, LH Wu, Peter Christie, 
Degradation of benzo [a] pyrene in an 
experimentally contaminated paddy soil by 
vetiver grass (Vetiveria zizanioides), 
Environmental Geochemistry and Health, 
Vol.28, No.1-2, 2006, pp.183-188. 

[64] Nisa Waqar Un, Audil Rashid, Potential of 
vetiver (Vetiveria zizanioides L.) grass in 
removing selected PAHs from diesel 
contaminated soil, Pakistan Journal of Botany, 
Vol.47, No.1, 2015, pp.291-296. 

[65] Paz-Alberto Annie Melinda, Ma. Johanna J De 
Dios, Ronaldo T Alberto, Gilbert C Sigua, 
Assessing phytoremediation potentials of 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 138 Volume 2, 2017



selected tropical plants for acrylamide, Journal 
of Soils and Sediments, Vol.11, No.7, 2011, 
pp.1190-1198. 

[66] Chua Lloyd HC, Stephen BK Tan, CH Sim, 
Manish Kumar Goyal, Treatment of baseflow 
from an urban catchment by a floating wetland 
system, Ecological Engineering, Vol.49, 2012, 
pp.170-180. 

[67] Verma Monica, Satyawati Sharma, Rajendra 
Prasad, Biological alternatives for termite 
control: a review, International 
Biodeterioration & Biodegradation, Vol.63, 
No.8, 2009, pp.959-972. 

[68] Maistrello Lara, Gregg Henderson, Roger A. 
Laine, Efficacy of vetiver oil and nootkatone as 
soil barriers against Formosan subterranean 
termite (Isoptera: Rhinotermitidae), Journal of 
economic entomology, Vol.94, No.6, 2001, 
pp.1532-1537. 

[69] Van Du Le, NH Truc, Termite biocontrol on 
cacao seedling: Vetiver grass application, Ho 
Chi Minh City Vietnam: Nong Lam University, 
2016. 

[70] Chomchalow Narong, Keith Chapman, Other 
uses and utilization of vetiver, in Proceedings of 
the 3rd conferences of vetiver and exhibition, 
2003, pp.6-9. 

[71] Ewetola Esther Abosede, Samuel Adelani 
Babarinde, Tolulope Omirin, David Olufemi 
Ojewole, Farmers’ perception of the usefulness 
of vetiver grass for termite control on 
Ogbomoso Agricultural Zone farmlands, south-
western Nigeria, Journal of King Saud 
University-Science, 2017. 

[72] Hengsadeekul Thammanoon, Pichai 
Nimityongskul, Construction of paddy storage 
silo using vetiver grass and clay. Assumpt 
University Journal of Technology, Vol.7, No.3, 
2004, pp.120-128. 

[73] Islam MP, MK Bhuiyan, MZ Hossain, Vetiver 
grass as a potential resource for rural 
development in Bangladesh, Agricultural 
Engineering International: CIGR Journal, 
2008. 

[74] Rao EVS Prakasa, Srinivas Akshata, CT 
Gopinath, NS Ravindra, Aparna Hebbar, 
Nagendra Prasad, Vetiver Production for Small 
Farmers in India, Sustainable Agriculture 
Reviews, Springer International Publishing, 
2015, pp.337-355. 

[75] Threrujirapapong T, W Khanitchaidecha, 
Duangdao Channei, Auppatham Nakaruk, 
Fabrication of Eco-Green Brick by Using of 
Vetiver Grass as Feldspar Replacement, 
Materials Science Forum, Trans Tech 
Publications. Vol.890, 2017, pp.391-395. 

[76] Owofadeju FK, AO Alawode, Evaluation of 
Vetiver (Vetiveria nigritana) plant extract as 
eco-friendly wood preservative, Arid Zone 
Journal of Engineering, Technology and 
Environment, Vol.12, 2016, pp.49-57. 

[77] Raman Jegannathan Kenthorai, Edgard 
Gnansounou, LCA of bioethanol and furfural 
production from vetiver, Bioresource 
technology, Vol.185, 2015, pp.202-210. 

[78] Pinners, Elise, Vetiver System: Reversing 
Degradation On and Off Farm to Keep Soil 
Carbon In Place, Build Up Root Biomass, and 
Turn Degraded Areas into Biofuel Sources, 
Geotherapy: Innovative Methods of Soil 
Fertility Restoration, Carbon Sequestration, 
and Reversing CO2 Increase. CRC Press, 2014, 
pp.301-324. 

[79] UNEP, Vetiver Briquette: Feasibility Report, 
Carbon Roots International, Inc., Haiti, pp.1-38. 

[80] Unikode, Haiti alternative fueld: Unsing vetiver 
biomass and other agricultural waste to reduce 
deforestation. 
http://www.unikodesa.com/biomass 

[81] Grand View Research, 2016. Vetiver oil market 
expected to reach $169.5 Million By 2022, 
Grand View Research, Inc. 
http://www.grandviewresearch.com/industry-
analysis/vetiver-oil-market 

[82] Belhassen Emilie, Jean-Jacques Filippi, Hugues 
Brévard, Daniel Joulain, Nicolas Baldovini, 
Volatile constituents of vetiver: A review. 
Flavour and Fragrance Journal, Vol.30, No.1, 
2015, pp.26–82. 

[83] Sarrazin, Elise, The Scent Creation Process, 
Springer Handbook of Odor, Springer 
International Publishing, 2017, pp.137-138 

[84] Notar Francesco Irene, Jean�Jacques Filippi, 
Sylvain Antoniotti. Sustainable Manufacture of 
a Valuable Fragrance Ingredient: Lipase�
Catalyzed Acylation of Vetiver Essential Oil 
and Chemoselectivity between Sesquiterpene 
Alcohols. ChemPlusChem, Vol.82, No.3, 2017, 
pp.407-415. 

[85] Moussou Philippe, Louis Danoux, Vincent 
Bardey, Christine Jeanmaire, Gilles Pauly, 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 139 Volume 2, 2017



Cosmetic preparations containing PTH 
fragments. U.S. Patent 9,387,235, 2016. 

[86] Karam Brandon Joseph, Jessica Karam Oley, 
Compositions, methods, and kits for cleansing 
and moisturizing, U.S. Patent Application 
15/242,219, 2016. 

[87] Klug Peter, Carina Mildner, Conditioning 
shampoos containing anionic surfactants, 
glucamides, and fatty alcohols. U.S. Patent No. 
20,170,000,710. 2017. 

[88] Doering Thomas, Natascha Schevardo, Melanie 
Giesen, Cosmetic compositions for bleaching 
the skin. U.S. Patent 20,170,087,082, 2017. 

[89] Cortez�Pereira, Claudia S., André R. Baby, 
Maria VR Velasco, Fragrance technology for 
the dermatologist–a review and practical 
application, Journal of cosmetic dermatology, 
Vol.9, No.3, 2010,  pp.230-241. 

[90] Gupta Charu, Dhan Prakash, Sneli Gupta, A 
Biotechnological Approach to Microbial Based 
Perfumes and Flavours. Journal of 
Microbiology and Experimentation, Vol.2, 
No.1, 2015. 

[91] Porras Sandra, Francisco Jochamowitz, Hair 
restorer containing vetiver grass extract. U.S. 
Patent Application 10/121,795. 2002. 

[92] Balasankar DK, P Vanilarasu, Selva Preetha, 
Rajeswari SM, Umadevi D Bhowmik, 
Traditional and medicinal uses of vetiver, 
Journal of Medicinal Plant Studies, Vol.1, 
No.3, 2013, pp.191-200. 

[93] Smitha GR, Thania Sara Varghese, P Manivel, 
Cultivation of Vetiver [Vetiveria zizanioides 
(Linn)]. ICAR – Medicinal and Aromatic Plants 
Research, Anand Press, 2014. 

[94] Xuesheng Han, Tory L Parker, Anti-
inflammatory activity of clove (Eugenia 
caryophyllata) essential oil in human dermal 
fibroblasts, Pharmaceutical Biology, Vol.55, 
No.1, 2017, pp.1619-1622. 

[95] Saikia Dharmendra, Shama Parveen, Vivek K, 
Gupta, Suaib Luqman, Anti-tuberculosis 
activity of Indian grass KHUS (Vetiveria 
zizanioides L. Nash), Complementary therapies 
in medicine, Vol.20. No.6, 2012, pp.434-436. 

[96] Aarthi N, K Murugan, Effect of Vetiveria 
zizanioides L. Root extracts on the malarial 
vector, Anopheles stephensi Liston, Asian 
Pacific Journal of Tropical Disease, Vol.2, 
No.2, 2012, pp.154-158. 

[97] Lee Jeong-Hyun, Jae-Sug Lee, Chemical 
composition and antifungal activity of plant 
essential oils against Malassezia furfur, Korean 
Journal of Microbiology and Biotechnology, 
Vol.38, No.3, 2010, pp.315-321. 

[98] Chou Su-Tze, Chia-Pei Lai, Chih-Chien Lin, 
Ying Shih, Study of the chemical composition, 
antioxidant activity and anti-inflammatory 
activity of essential oil from Vetiveria 
zizanioides, Food Chemistry, Vol.134, No.1, 
2012, pp.262-268. 

[99] Miller L, Ayurvedic Remedies for the Whole 
Family, Second Edition, Motilal Banarsidass, 
Delhi, 2006. 

[100] Taranet P, K Wattanaprapat, I Meesing, P 
Nopmalai, Carbon sequestration and carbon 
dioxide emission in vetiver grass cultivation 
areas, Vetiver and Climate Change, The Fifth 
International Conference on vetiver. Lucknow, 
India, 2011, pp.8-9. 

[101] Singh M, N Guleria, EP Rao, P Goswami, A 
strategy for sustainable carbon sequestration 
using Vetiver (Vetiveria zizanioides (L.)): a 
quantitative assessment over India. Project 
document CM PD-1101, CSIR Centre for 
Mathematical Modelling and Computer 
Simulation, India, 2011. 

[102] Kozlowski R, Kozlowska J Rawluk M, J 
Barriga, Potential of lignocellulosic fibrous raw 
materials, their properties and diversified 
applications, Nonlinear optics quantum optics, 
Vol.31, 2004, pp.61-90. 

[103] Syamani Firda Aulya, Lilik Astari, Sukardi 
Subyakto, Ani Suryani, Characteristics of 
strands and pulp from oil palm fronds and 
vetiver roots, Balancing Efforts on Environment 
Usage in Economy and Ecology, Vol.1, 2012. 

[104] Chandranupap Panitnad, Pravitra 
Chandranupap, Pulping of Vetiver Grass With 
NH4OH-KOH-AQ Mixtures, ASEAN Journal 
of Chemical Engineering, Vol.2, 2012, pp.37-
44. 

[105] Gaspard S, S Altenor, EA Dawson, PA Barnes, 
A Ouensanga, Activated carbon from vetiver 
roots: gas and liquid adsorption studies, Journal 
of Hazardous Materials, Vol.144, No.1, 2007, 
pp.73-81. 

[106] Chomchalow Narong, Alastai Hicks, Health 
potential of Thai traditional beverages, 
Assumption University Journal of Technology, 
Vol.5. No.1, 2015, pp.20-30. 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 140 Volume 2, 2017



[107] Akther Saeed, Arshad Hussain, Salma Iman. 
Preparation and evaluation of physicochemical 
characteristics of herbal drink concentrate, 
Pakistan Journal of Biochemistry Molecular 
Biology, Vol.43, No.3, 2010, pp.149-152. 

[108] Pareek Archana, Kumar Ashwani, 
Ethnobotanical and pharmaceutical uses of 
Vetiveria zizanioides (Linn) Nash: a medicinal 
plant of Rajasthan, International Journal of Life 
Science and Pharma Science, Vol.50, 2013, 
pp.L12-L18. 

[109] Balasubramanyan S, AS Krishnamoorthy, 
Vetiver (Vetiveria zizanioides) straw for the 
cultivation of oyster mushroom (Pleurotus spp).  
Vetiver: A Miracle Grass, Chiang Rai 
(Thailand), 1996. 

[110] Goswami Prashant, Policy Advocacy for Non-
Disruptive and Sustainable: Carbon 
Sequestration based on Vetiver System, 
National Institute of Science, Technology and 
Development Studies (NISTADS), Asian 
Innovation Forum, Korea, 2016. 

 

 

 

 

 

 

 

 

 

 

 

 

 

[111] Oku Effiom E, EmilOlorun A Aiyelari, 
Kwabena O Asubonteng, Controlling Erosion 
and Increasing Crop Yields in Slope Farming: 
A Vetiver Technology, Policy brief UNU-
INRA, United Nations University Institute for 
Natural Resources in Africa. Vol.3, No.1, 2015. 

[112] Pripdeevech Patcharee, Sugunya 
Wongpornchai, Ampan Promsiri, Highly 
volatile constituents of Vetiveria zizanioides 
roots grown under different cultivation 
conditions, Molecules, Vol.11, No.10, 2006, 
pp.817-826. 

[113] NRSC, Specifications as applied to the Haitian 
vetiver supply chain, The Natural Resources 
Stewardship Circle, France, 2014. 

Edgard Gnansounou et al.
International Journal of Environmental Science 

http://www.iaras.org/iaras/journals/ijes

ISSN: 2367-8941 141 Volume 2, 2017




