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ABSTRACT

Vetiver grass (Chrysopogon zizanioides), Poaceae is the leading commodity in Garut Regency,
Indonesia, the second-largest producer in the world of vetiver oils. The content of vetiver oils is strongly
influenced by the environment, for example, drought stress. Drought stress causes plants to adapt by
producing secondary metabolites such as essential oils. This experiment aimed to analyze growth,
phytocomponents and obtaining the best quality of vetiver grass accessions under drought stress. The results
showed that root and shoot dry biomass were significantly affected by the interaction between drought
stress duration and vetiver grass accession. The root dry biomass of Kamojang accession decreased by
25.4%, while Cilawu increased by 5% for four days of drought stress. The root length and shoot length
were not significantly affected by the treatment. The highest root/shoot length ratio was Verina, and the
lowest one was Cisarua. The highest increase in proline occurred in Cilawu accession (85.7%), while the
lowest was Verina (6.67%). Essential root oils contain 53 types of phytocomponents, dominated by
sesquiterpenes, being khusimol, the highest type. The Cilawu is the best accession based on growth and

content rendement.
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INTRODUCTION

Chrysopogon zizanioides L. (vetiver grass)
synonymously known as Vetiveria zizanioides
L. belongs to family Poaceae, widely cultivated
in the tropical regions of the world. Some of
their common names are Khus-khus (India),
Khas Khas grass (Africa), Vetiver (Europe),
and Akar Wangi (Java). Vetiver grass requires
adequate rainfall, which is around 140 days per
year, while the suitable temperature is around
17- 27°C. It grows at an altitude of about 300-
2000 masl (Jariyah & Supangat, 2008). Vetiver
grass is a miraculous species native to India,
first used for soil and water conservation, and
now a source of secondary metabolites, known
as vetiver oils. Vetiver oils are used in cosmetic
and aromatherapy industries (Bhushan et al.,
2013).

Indonesia was the second-largest producer
of vetiver oils in the world after Haiti in 2010
(Kadarohman et al., 2014). Indonesia’'s exports

of this oil reach a quarter of total world
production (80 tons), estimated at 300 tons each
year. Vetiver oils for Indonesia are one of the
commodity sources of state revenue
(BAPPEBTI, 2014). Vetiver grass that
originates from South India spread to Sri Lanka,
Burma, Bangladesh, and Southeast Asia
(Pareek & Kumar, 2013), including Indonesia,
centered in Garut Regency, West Java. In
Garut, the wvetiver glass cultivation and
production centers are located in Cilawu,
Vayongbong, Samarang, Pasrwangi, and Leles
(DISKOMINFO, 2017). Garut Regency has
sandy volcanic soils produced by active
volcanoes in the surroundings. It is a suitable
feature for vetiver grass (PEMDA KAB.
GARUT, 2014) since it is found in areas with
sandy soils and unstable rainfall. Most
Indonesia regions have a dry season that can
cause drought and are not beneficial for vetiver
grass. It increases free radical compounds that
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damage to plant cells, thereby resulting in
decreased plant productivity.

The availability of water in the soil is an
important factor for the growth, so drought is a
limiting factor of vetiver oils. On the other side,
environmental stress can be used as a strategy
to optimize the production of phytocomponents
in some plants. Environmental factors such as
drought can increase secondary metabolites in
plants (Chen et al., 2011; Queiroz et al., 2019),
some drought-tolerant plants will adapt by
producing secondary metabolites to prevent
tissue damage and repair plant cells (Gu et al.,
2010; Kumari & Agrawal, 2010).

A phytocomponent is a plant secondary
metabolite used for defense against pathogens
(Shabaet al., 2014; Orieke et al., 2018; Mamani
& Alhaji, 2019), adaptation against
environmental stresses and UV light (Deepa et
al.,, 2019; Chikezie et al., 2020), and
phytocomponents including polyphenols play a
role as a growth regulator (Khan et al., 2018;
Ovais et al., 2018; Jha et al., 2019). Parts of
these plants that contain oil are the roots, while
other parts such as stems and leaves do not
contain oil. Vetiver grass has pale yellow or
gray roots to dark red and contains essential oils
with a fragrant and long-lasting aroma.

Anatomically these oils are found in
secretory cells located between the vetiver grass
root cortex and endodermis (Mulyono et al.,
2012). Cortical thickness is related to the
storage capacity of water and oil in the roots.
Increasing the number of cells in the cortex
increases plant tolerance to drought stress
(Estrada-Melo et al., 2015). More plants
develop root systems during drought, and more
increase secondary metabolites production in
plants to respond to drought stress (Lynch &
Brown, 2012).

Garut is an area that has a dry season
lasting three months every year (August to
October). The possibility of rain during these
months is 0-2 days. This period is the most
stressful in terms of drought stress for plants
(Mulyono et al., 2012). The information about
the drought stress effect on the growth and
production of vetiver grass oil, especially from
Garut Regency, is very limited, so accession of
vetiver grass from Garut based on different
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highlands was used. Line with Dacosta et al.
(2017), essential oil of lemongrass from
Bedugul plateau was higher than Denpasar
lowland area. Therefore, research on the effect
of drought stress on vetiver grass's growth and
oil production needs to be done. This study is
expected to obtain data on growth, oil
production, and phytocomponents of the
vetiver grass under drought stress. This
research also found the best accession based on
growth parameters and oil production.

MATERIALS AND METHODS

Study area. The study was conducted in
August 2018 to March 2019 at IPB University,
Laboratory of Plant Physiology and Genetics,
Department of Biology, Faculty of
Mathematics and Natural Sciences, Research
Institute for Medicinal and Spices Plants
(Balittro), and the Regional Health Laboratory
(Labkesda) Jakarta.

The  experimental design. The
experimental design. This study using a
factorial randomized block design. The first
factor was the accessions. Three accessions
came from Garut Regency, which shows
altitudinal variations: accession 1 from Cisarua
(1000 masl), accession 2 from Kamojang (1400
masl), accession 3 from Cilawu (1200 masl).
Accession 4 is from Verina. The second factor
was the duration of drought, consisting of four
levels: 0, 4, 8, and 12 days of drought. The
vetiver grass accessions were adapted for 5
months using watering capacity until they have
the same growth. Dried stems and leaves were
removed to enhance new leaves' growth, and
plants were kept free from weeds. The
treatment of drought stress is carried out with a
different duration determined for 3 months.
Plant growth parameters measured were root
length (cm), shoot length (cm), root dry
biomass (g), and shoot dry biomass
(9)(Setiawan et al., 2012). Root and shoot dry
biomass were measured after being roasted for
four days in the oven at 70°C, while root and
shoot length were measured using a bar.

Proline Analysis. The proline content was
analyzed to determine the effect of drought
stress on plant growth. A total of 0.5 g of fresh
leaves were crushed in a mortar, adding 10 ml
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of 3% sulfosalicylic solution. The aliquot
ground leaves were filtered with Whatman filter
paper, from which 2 ml of filtrate was mixed
with 2 ml of ninhydrin acid and 2 ml of glacial
acetic acid at 100°C for 1 hour. The reaction
ended by inserting the test tube into a piece of
ice. The ninhydrin acid solution was prepared
by heating 1.25 g of ninhydrin in 30 ml of
glacial acetic acid and 20 ml 6 M phosphoric
acid until it dissolves. The mixture was
extracted with 4 ml of toluene, then shake with
vortex for 15-20 s to form two separate liquid
layers. The red color of the solution containing
proline was at the top. The proline content was
measured with a spectrophotometer at a
wavelength of 520 nm. The proline content was
determined based on a standard pure proline
solution (Umebese et al., 2009).

The distillation method for oil extraction is
based on SNI 01-0005-1995 by weighing 40 g
of root pieces and put in a boiling flask. Water
was added until all the root samples are
submerged and adding some boiling stones.
The boiling flask was connected with the Dean-
Stark distillation, and the tube was heated.
Distillation was stopped if no more drops of oil
drip. Identification of the phytocomponents of
vetiver grass oil was carried out with GC-MS
(Gas Chromatography-Mass Spectrometry) at
the Regional Health Laboratory, Jakarta. The
extract (3 pl) was injected in a GC-MS (Model
5975, Agilent Technologies, Palo Alto, USA),
connected to a Mass Selective Detector and a
Chemstation Data System. The HP ultra 2
capillary column (0.11 um) was used in this
analysis. The instrument for analysis was set as
follows: injection temperature (250°C). Helium
was used as carrier gas with a flow rate of 1.2
ml/min. The mass spectrum was detected in a
mass-toe1682829- charge range of 20-500 m/z.
Metabolite identification was performed based
on the Wiley W8NO08.L database.

Oil rendement of vetiver grass oil was
calculated using the following equation:

weight of oil (gr)

Rendement (%) = x 100%

root dry weight (gr)

Data analysis. Growth data and proline
were analyzed by ANOVA and continued with
DMRT analysis at a= 5% using SPSS 25.0.
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Phytocomponent  was  analyzed  using
metaboanalyst 4 and identified for their group
compound based on online databases, i.e.,
ChemSpider (http://www. chemspider.com/),
Pubchem (https://pubchem.ncbi.nlm.nih.gov/),
and CAMEO
(https://cameochemicals.noaa.gov/) (Turhadi et
al., 2019).

RESULT AND DISCUSSION

Growth Responses. Root and shoot dry
biomass were significantly affected by the
interaction between drought stress duration and
accessions (p<0.05). Although the effect of
drought stress on growth was not significant, it
has a different effect on each accession's growth
in each duration of drought stress. Root dry
biomass of day 4 drought stress decreased in all
accessions except on Cilawu accessions. The
biggest decrease of root dry biomass occurred
in Kamojang accessions by 25.4%, while
Cilawu accessions increased by 5%. Shoot dry
biomass of all accessions decreased on the
drought stress of day 8, except shoot dry
biomass of Verina decreased on drought stress
day 4 by 24.4%.

Drought stress severely affected Verina dry
biomass, while Cilawu accession experienced
the lowest decrease by 8.6%. Root and shoot
length were not affected by the interaction
between drought stress duration and accessions
(p>0.05). The highest addition of root length
was Verina by 29% of day 4, as well as the
addition of the highest shoot length by 4.39%
of day 12, and the lowest was Cisarua by 0.36%
(Figure 1). However, both parameters have a
reverse pattern. Root length of most accessions
increased, and shoot length decreased on day 4,
while root length decreased, and shoot length
increased on day 8 of drought stress.

Root and shoot dry biomass were
influenced by the interaction between drought
stress and accessions because dry biomass was
closely related to the primary metabolism. This
plant also produced secondary metabolites for
self-defense when facing stress. It is thought
that the production of primary metabolites from
these plants was allocated to produce secondary
metabolites such as oil. Therefore, when
drought stress occurs, it significantly influences
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decreased root and shoots dry biomass.
Nevertheless, root and shoot dry biomass
decreased are thought to indicate each
accession's adaptability to different duration of
drought stress. In this case, the best accession
was Cilawu, and the one that is less able to
adapt to drought was Verina. Drought stress can
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reduce plants' productivity due to decreased
primary metabolism, biomass loss of leaves,
and photosynthetic activity. The decrease in
biomass accumulation due to drought stress for
each plant type is not of the same magnitude.
This is influenced by the response of each type
of plant.
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Figure 1. Vetiver grass growth on parameters: a. root dry biomass; b. shoot dry biomass; c. root length; d. shoot length
during drought stress of day 0, 4, 8, and 12. Bar lines indicate standard deviations

The root and shoot length were not
significantly influenced by the interaction
between drought stress and type of accession
because vetiver grass is a plant that can tolerate
various environmental pressures, such as
drought stress, compared to other plants such as
corn (Zea mays L.) and sugar cane (Saccharum
officinarum)(Darajeh et al., 2019). So even if
drought stress during 12 days did not
significantly affect the root and shoot length,
the ratio of root and shoot length can be used as
an indicator of vetiver grass adaptation to water
shortage, which is comparable with research on
the response of sugarcane to drought stress in
which the increase in root length and reduced
leaf size in drought stress 50% higher than
normal conditions. Drought stress was
suspected of causing the assimilation produced
in the photosynthesis process to be lower

because the water needed for the
photosynthesis process is available in limited
quantities. As a result, the assimilate

translocation to the root and shoot is also small,
resulting in low root and shoot dry biomass.
Whereas the root length and shoot length
parameters showed an inverted pattern, it is
expected that most of the photosynthetic
assimilate from the roots are allocated, as a
form of plant strategy will be able to absorb
water more optimally and nutrients.

However, if water conditions are
inadequate (of day 12 drought stress), then the
length of the root and shoot decreases, and the
root and shoot dry biomass still decreases.
Water absorption and minimum osmotic
pressure cause plants to increase deep root
growth and spread (Wasson et al., 2012; Madhu
& Hatfield, 2013). The mechanism of plants to
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avoid drought stress is to extend the roots to
find water sources that are relatively far from
the drought (Abd Allah et al., 2010). Farooq et
al. (2009) also stated that the effects of drought
on plants were a rise in dry matter allocation to
roots, increased membrane lipid peroxidation,
ease leaf development, and decreased biomass
production.

Proline Content. The proline content was
not influenced by the interaction between
drought stress duration and accession (p>0.05).

0.20 )
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Proline content in Kamojang and Verina began
to increase on day 4, while Cilawu and Cisarua
on day 12 (Figure 2). The highest increase in
proline was found in Cilawu accession by
85.7%, while the lowest was Verina by 6.67%
on day 4 of drought stress. Proline content in
Kamojang accessions on day 12 possibly
caused by metabolism in the plant cells that
have been disrupted, so proline was not
produced in the plant cells.
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Figure 2. Proline content during drought stress of day 0, 4, 8, and 12. Bar lines indicate standard deviations

The four accessions of vetiver grass had
increased proline in different amounts so that
the level of plant resistance was thought to be
different. The increase in proline is thought to
be an adaptation effort by vetiver grass from
drought stress. Comparable studies on 14
sugarcane genotypes treated with drought stress
showed an increase of 0.4-1.6 pug/g from normal
conditions (Medeiros et al., 2015). Related to
the duration of drought stress, Cilawu accession
was thought to have better adaptability than
other accessions because it can produce higher
proline than others. Dedemo et al. (2013) stated
that plants would begin to accumulate amino
acid proline when gripped by drought and begin
to adapt by stabilizing membrane proteins. The
way plants regulate osmotic pressure when
faced with drought is thought to be an adaptive
process, with the production of proline in cells,
thereby reducing osmotic potential when water
deficits occur, so plasmolysis does not occur.
The results of this osmotic regulation are turgor
pressure, which is maintained above zero. Thus,
the process of cell division continues and
avoids wilting that can harm cells. Proline
accumulation results from an increase in free
amino acids when plants are in a stressful

environment, such as drought. In line with Per
et al. (2017), proline is one of the strategies
responses of plants to drought and salt stress.

The relation between duration of stress to
the growth and production of oils, based on
growth patterns (Figure 1) and proline content
(Figure 2) of vetiver grass, is suspected that this
plant began to be gripped the duration of
drought stress of day 4. It is indicated by root
dry biomass and shoot size decreases.
However, plants began to adapt by improving
themselves on day 8, which was marked by
increasing the dry biomass of the roots and
shoot again, but on day 12 drought stress the
plants could no longer withstand the drought
stress so that the dry biomass of the roots and
shoot decreased dramatically. The same is
addressed by the root and shoot length. The root
length increases of day 4 drought stress, which
can be used to determine that the vetiver grass
begins to be seized of day 4 drought stress.
Proline is starting to increase, which indicates
that the cell is in a self-repairing stage.

Oil Production. The oil volume of vetiver
grass accessions decreased on day 4, increased
on day 8, and decreased on day 12, except for
Cilawu accession, which continued to increase
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since the duration of day 4 of drought stress.
Cilawu accession has the highest rendement of
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0.54%, and the lowest rendement is Cisarua by
0.12% (Table 1).

Table 1. Production of vetiver grass oil from Verina, Cisarua, Kamojang, and Cilawu using the SNI 01-0005-1995 testing

method item 7.6

Accession Stress Duration (day) Oil Volume (ml) Rendement (%)
0 0.4 0.44
) 4 0.3 0.27
Verina 8 0.2 0.21
12 0.2 0.18
0 0.3 0.25
. 4 0.1 0.09
Cisarua 8 04 033
12 0.1 0.12
0 0.3 0.22
) 4 0.1 0.09
Kamojang 8 0.4 0.26
12 0.2 0.22
0 0.4 0.39
] 4 0.3 0.25
Cilawu 8 0.4 0.37
12 0.4 0.54

The difference in the volume of oil
produced from each accession with different
drought stress duration explains that the oil
production ability from each accession is
different when in drought stress. Verina has the
highest oil volume when 0 drought stress. On
the other side, Cisarua and Kamojang have the
highest oil volume on day 8, Cilawu has the
highest on day 12 of drought stress. In other
words, Cilawu was the best accession with the
highest oil volume with an increase in stress
duration. Generally, the relationship of drought
stress duration to the oil volume showed that
day 8 drought stress produced the highest oil
volume accessions and decreased day 12
drought stress. It can be assumed that of day 8,
drought stress was the best duration for
watering vetiver oil during the dry season
because watering above or below the duration
of the stress harms the growth and production
of vetiver grass oil. In line with Poaceae, Zea
mays cultivar Bima 2 Bantimurung, watering
interval every 8 days has decreased the dry
biomass of plants and harvest production
(Ciptaningtyas et al., 2014). The relationship
between the duration of drought stress with oil
content in vetiver grass in this research was
unclear. This study contradicts Garcia-Caparros

et al. (2019) that drought stress reduced oil
content in leaves of six Lamiaceae species.
Essential oils or etheric are a large group of oil
in the form of viscous liquid at room
temperature but are volatile, thus giving a
distinctive aroma. Some essential oils are
compounds that contain carbon and hydrogen,
or carbon, hydrogen, and oxygen that are not
aromatic  (Pengelly, 2004). The Cilawu
produces oil volume and rendement relatively
stable and increases with the duration of stress.
It is suspected that Cilawu accession is more
resistant to drought stress than Verina as a
control. The oil rendement from Verina
decreases with the increasing duration of
drought stress. This coincides with the research
of Swasono et al. (2015) in citronella oil
(Cymbopogon nardus), which produced higher
oil rendement at 50% water field stress than the
water treatment at 100% field capacity. Cilawu
accession ability to withstand drought stress is
suspected because it produces specific
phytocomponents in its oil.

Phytocomponents. Phytocomponents in
vetiver grass oil were dominated by
sesquiterpenes, aromatic hydrocarbon, and
phenolic groups. Phytocomponents found in all
accessions treated with drought stress were
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grouped into 9 types. Sesquiterpenes dominated
the phytocomponents by 45%, aromatic
hydrocarbons by 36%, and phenolic by 8%
(Figure 3). Chahal et al. (2015) described that

Aqueous solution
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Carboxylic acid
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essential oils produced by plants belonging to
the genus Vetiveria mostly contain terpenes and
aromatic hydrocarbons.

0 20 40
Percentage (%)

Figure 3. Phytocomponents based on its compound group. The categorization is based on various databases

Phytocomponents found in all accessions
in the 8-day drought stress were from 53 types.

The highest number was khusimol (CisH2s)
from Cisarua accession by 26.8% (Figure 4).
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Figure 4. Phytocomponents of vetiver grass from Kamojang, Cilawu, Verina, and Cisarua accessions

The main component of vetiver oils was
sesquiterpenes that provide a distinctive
fragrance to vetiver grass. According to Dubey
et al. (2010), the main component of vetiver
grass oil in South India determines the quality
of vetiver grass oil was khusimol by 16.25%.
Besides khusimol, beta-vetivone is another
marker compound that characterizes vetiver
grass (Kirici et al., 2011). In this study, beta-
vetivone (6.08%) was produced. In plants,

terpenes provide defense functions against
herbivores or environmental stress (Gil et al.,
2012; Shrivastava et al., 2015). Furthermore,
other high sesquiterpenes are patchouli alcohol.
It was also found in vetiver grass from Cisarua
by 12.35% in drought stress of 8 days. This
compound is usually obtained from
Pogostemon cablin and used in Indonesia's
essential oil industry (Khanuja et al., 2005).
These compounds include sesquiterpenes, that
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function as an indicator of self-resistance from
drought. Patchouli alcohol was affected by low
soil moisture and was reproduced when plants
were seized with drought (Nasruddin et al.,
2018).

Besides having a sesquiterpene, a
compound which is a major component in
essential oils of Vetiveria from France, it also
contains phenolic compounds (Champagnat et
al., 2008). In this research, phenolics were
another group found in high numbers by 8%.
The highest type of phenolic compound was 2-
Allyl-6-methoxyphenol/o-Eugenol by 18.1% in
Cilawu accessions. This compound's existence
is thought to be the cause of Cilawu accession
to have a better adaptation to drought stress.
The phenolics function is to protect the DNA
from dimerization and to damage the cell. This
compound has an antioxidant activity that can
increase self-defense from stress induced by
free radicals (Lai & Lim 2011). By 18.1% from
Cilawu accessions, the eugenol content is
thought to provide benefits in dealing with
drought stress because of the compound anti-
oxidant properties (Thara-Saraswathi et al.,
2011; Pérez-Rosés et al., 2016).

Phytocomponents of vetiver grass oils
accessions have different characteristics. The
complex composition of the essential oils and
the variety of their constituents’ chemical
structures are responsible for a wide range of
biological activities. In this experiment, acetic
acid compound by 7.2% was only found in
Kamojang, eugenol (18.1%) was in Cilawu,
benzene methyl-4-hexenyl (12.2%) was in
Verina, and isolongifolene, 9,10-dehydro-
(8.71%) was in Cisarua. The origin habitat
expects the differences of dominant
phytocomponent of accessions. Riyadi et al.
(2014) stated that the wvetiver grass oil
compound content from West Java produces 89
volatile compounds with the main components,
including khusimol 6.87%, beta-Vetivenene
5.61%, beta-vetivone 3.88%, alpha-Gurjunene
3.38%, and alpha-vetivone 3.07%. Danh et al.
(2010) also informed that Brazilian vetiver
grass roots contain zizanoic acid 32%,
khusimol 15%, isovalenceno 19%, alpha-
vetivone 8%, and B-vetivone 3%. In contrast,
the major components of vetiver oil collected
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from Tami India was valerenol 12% (Bhushan
et al., 2013).

CONCLUSION

Root and shoot biomass were affected by
the interaction between drought stress duration
and type of accession, while root and shoot
length were not affected. Oil production in
Cilawu accession under drought conditions was
stable compared to Verina as a control.
Sesquiterpenes dominated phytocomponents in
vetiver grass oil, and the highest types of
sesquiterpenes content are khusimol. The best
accession based on growth parameters and oil
rendement was Cilawu accession.
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