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SUMMARY

Vetiver is one of the essential oil-producing plants, commonly called vetiver oil. With a deep, broad,
and thick root system, the species is characteristically well-adapted to various environmental stresses,
including salinity. The presented study strived to evaluate several vetiver ecotypes under diverse
salinity stress conditions and identify the best with enhanced salinity tolerance. The said study
continued in a completely randomized design (CRD) with factorial arrangement and two factors. The
first factor was salinity stress comprising six varying levels, i.e., control (without salinity) and saline
soils with 4, 8, 12, 16, and 20 dsm™. The second factor consisted of three vetiver ecotypes: Bogor,
Bojonegoro, and Padang. The results revealed that salinity stress levels, ecotypes, and their
interactions significantly affected the growth, physiological, and oil yield traits, such as plant height,
leaf area, number of tillers, chlorophyll a and b, root length and volume, and oil yield. Salinity stress
at 16 dsm™ significantly impacted plant growth but enhanced chlorophyll a and b content. The ecotype
Bojonegoro had better canopy growth, while the ecotype Padang had better root growth, resulting in
higher oil production compared with the ecotype Bojonegoro. The ecotype Bojonegoro with 16 dsm™
salinity stress significantly increased chlorophyll a and b content, and the ecotype Padang showed the
highest oil production without salinity stress compared with salinity stress conditions.
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INTRODUCTION

Vetiver (Vetiveria zizanioides L.) grass is a
densely tufted bunch sod that spreads quickly
in both tropics and temperate regions
worldwide. Vetiver is a perennial grass of the
family Poaceae, native to India and widely

cultivated in the world’s tropical and
subtropical zones (Ghotbizadeh and
Sepaskhah, 2015). The species is also

distinguishable with its strong and extensive
root system that can reach a depth of 5 m in
tropical conditions. A broad, thick, and deep
root system with tensile strength equivalent to
1/6 of mild steel gives plants a superior
advantage to adapt to various environmental
stresses like drought, flooding, temperature
extremes, heavy metals, acidity and alkalinity,
frost, heat, extreme soil pH, the toxicity of Al
and Mn, and also salinity and various important
metals, such as, Cd, Cu, Cr, and Ni (Truong
and Hart, 2001; Truong et al., 2002; Zhou and
Yu, 2009). Vetiver has widely served to
therapy saline soils (Datta et al., 2011;
Donjadee and Tingsanchali, 2012).

Vetiver plant grass and roots contain
essential oils that have extensive use for
perfumes, cosmetics, deodorants, lotions,
soaps, medicines, insecticides and repellents,
and aromatherapy applications (Rao et al.,
2015). Vetiver oil has a soft and subtle aroma
due to the ester of vetinenic acid and vetivenol
compounds. For essential oils, the world's
prerequisite is increasing every year because
of the significant development in modern
industries of perfumes, cosmetics, foods,
aromatherapy, and pharmaceuticals (Luu,
2007). The many benefits of essential oils have
led to a high demand in domestic and foreign
scenes, but Indonesia produces limited and
middle-quality vetiver oils.

One of the efforts to increase
production can be expanding the planting area
in optimal and suboptimal lands, such as saline
lands (Siregar et al., 2021; Sakinah et al.,
2022; Smirnova et al., 2023). The obstacle is
that repeated drying and wetting cycles will
enhance the soil salinity, leading to
expectations of saline tolerance in the vetiver
ecotypes. However, a detailed study on vetiver
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has been inexistent on its physiological
response under diverse environmental
stresses. Understanding the vetiver stress

physiology not only helps to describe its
biological characteristics but also explores its
potential for utilization in land management
(Liu et al., 2016).

Vetiver has a salinity threshold of 8.0
dsm™ and, above the threshold for decreased
growth, is 5.26% per unit dsm~!. The vetiver
wild ecotypes have responded to salinity at the
same scale, and their relative growth rate
(RGR) decreased by 10%, 37%, and 63%,
respectively, at 100, 150, and 200 mM NaCl
(Truong and Hart, 2001). Wild vetiver in
Southern China has a salinity threshold of ~10
dsm™! and is more tolerant to saline than most
common vetiver cultivars (Liu et al., 2016).
The higher the salinity level in vetiver, the
lower the relative growth.

Planting with high salinity stress may
produce higher essential oil compounds by
boosting the plant’s secondary metabolites but
affecting the growth and decreasing at high
salinity levels. Salinity mainly results in higher
concentrations of Na® and CI~ in the soil,
producing hyperosmotic and hypertonic
solutions that stop water and nutrient uptake
by crop plants (Ismail et al., 2014). However,
appropriate salinity stress will increase plant
secondary metabolites of vetiver, and growth
remains good.

The ability to grow and acquire a real
genetic potential of crop plants primarily
depends on the interaction between genotypes
and the environment spread, including vetiver.
According to Reed (2008), plant morphological
characterization is critical for detecting the
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desirable traits, identifying duplicated
accessions, and structuring further the
populations  for  conservation purposes.

Morphological variations due to environmental
conditions indicate that a plant is passing
through an adaptation process, and the plant
population that is adaptive to specific
ecological situations is called an ecotype.
Different ecotypes of a plant population will
form a pattern based on the variations in
environmental conditions in the geographical
distribution area of the species. Therefore, the
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presented study underlies several vetiver
ecotypes screening with various salinity levels
to identify the best tolerant vetiver ecotypes at
a particular salinity level.

MATERIALS AND METHODS

The contemporary research on vetiver
ecotypes in September 2021 transpired at the
Greenhouse, Medan Agricultural Development
Polytechnic, Indonesia. The material used in
this study comprised six-month vetiver
seedlings obtained from three different
ecotypes, i.e., Bogor, Bojonegoro, and Padang,
saline soil, and other supporting materials.

This study proceeded in a completely
randomized design (CRD) with factorial
arrangement and two factors. The first factor
was salinity stress (S), comprising six different
levels, i.e., SO = no salinity (control) and
saline soil with S1 = 4 dsm™, S2 = 8 dsm™, S3
= 12 dsm™, S4 = 16 dsm™, and S5 = 20 dsm"
1, The second factor consisted of three vetiver
ecotypes (E), i.e., E1 = Bogor, E2 =
Bojonegoro, and E3 = Padang.

Crop husbandry

The greenhouse soil and seedbed at the Medan
Agricultural Development Polytechnic,
Indonesia, became the study’s experimental
plot. First, providing an extensive cleaning
from all plant stubble and residuals, the soil’s
salinity content measurement  followed
according to each treatment. Saline soil came
from the Percut Sei Tuan Sub-District, Deli
Serdang Regency, Medan, Indonesia.
According to concentrations, the polybags (50
cm x 50 cm) filled with saline soil (4, 8, 12,
16, and 20 dsm™) had the level of salinity
measured using a refractometer. Then, the
polybags filled with desired soil brought to the
study site gained stacking and labeling
according to each treatment.

Seed preparation
The genotype seeds ordered uniformly were

according to each ecotype, i.e., Bogor,
Bojonegoro, and Padang. The sows used in this
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study came from the vetiver plantations.
Selecting vetiver seeds ensued with uniform
growth according to each ecotype. Those
selected seeds had no pests or disease
infestation. After planting, all plot preparation
was according to treatments for easier
identification.

Salinity treatments

Before applying the salinity treatment, the
salinity level measurement used a digital
refractometer in the soil, adjusted to a
predetermined salinity level to obtain a salinity
level of 4, 8, 12, 16, and 20 dsm™™.

Seed planting

Polybags containing soil according to the
different salinity treatments acquired planting
with vetiver ecotype seedlings according to
each ecotype (Bogor, Bojonegoro, and
Padang).

Data recording

The data recorded on the traits included plant
height at 10 weeks after planting (WAP), leaf
area and number of tillers at 10 WAP,
chlorophyll a and b, root length, root volume,
and essential oil, all at 12 WAP.

Statistical analysis

All the recorded data underwent analysis of
variance (ANOVA) with the means further
compared and separated with a Duncan's
Multiple Range Test (DMRT) (Hanafiah, 2016).

RESULTS AND DISCUSSION
Plant height

Based on analysis of variance, differences in
salinity stress levels, vetiver ecotypes, and
their interactions have significant impacts,
revealing differences in the plant height of
vetiver ecotypes (Table 1). The highest plant
height came from vetiver ecotype Bojonegoro
with control (non-salinity treatment) and by
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Table 1. Salinity levels’ effect on the plant height of vetiver ecotypes.

. Ecotypes
Salinity levels E, = E Means
............................................. CMlitte e

So 159.33 abc 178.00 a 173.50 ab 170.28
S 150.50 bcde 172.00 abc 161.83 abc 161.44
S, 138.33 cde 152.67 abcd 140.33 cde 143.78
S3 123.83 fg 136.17 def 127.67 ef 129.22
S4 99.67 gh 127.17 ef 114.50 fg 113.78
Ss 74.50 h 109.17 fgh 94.67 gh 92.78

Means 124.36 145.86 135.42

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

the ecotypes Padang and Bogor. In all the
ecotypes with different salinity levels, the plant
height ranged from 74.50-159.33 cm in Bogor,
109.17-178.00 cm in Bojonegoro, and 94.67-
173.50 cm in the ecotype Padang. Variations in
plant height of the different vetiver ecotypes
might be due to their ability to adapt to salinity
stress conditions caused by their genetic
makeup. According to Dos-Santos et al.
(2022), plant adaptation to salinity depends on
various factors like the stress level
experienced, stress duration, the growth phase
of plants when experiencing stress, and crop
cultivar. The degree of salt tolerance varies
with plant species and varieties within a
species based on the genetic variations in the
genotypes (Barus et al., 2023). Genetic
variations and differential responses of the
genotypes to salinity stress enable plant
biologists to identify physiological mechanisms
and involved genes in enhancing stress
tolerance to incorporate those genes in other
commercial cultivars for salt tolerance (Gupta
and Huang, 2014).

Salinity stress also reduced all the
vetiver ecotypes’ general growth and plant
height. The decreased growth and plant peak
might be due to osmotic pressure, which
makes it difficult for plants to absorb moisture
and nutrients, and the influence of excessive
Na and Cl ions inhibited cell division and
enlargement. James et al. (2011) also stated
that one of the most detrimental effects of
salinity stress was the accumulation of Na* and
CI” ions in plant tissues exposed to high NaCl
concentrations in the soil. The entry of Na* and
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Cl” in the cells causes severe ion imbalance,
and excess uptake might cause significant
physiological disorders. High Na* concentration
inhibits the uptake of K* ions, an essential
element for growth and development that
results in lower productivity and even death.

Leaf area
Based on the analysis of variance, salinity
stress levels, vetiver ecotypes, and their

interactions showed significant differences for
leaf area (Table 2). Leaf area with different
salinity treatments and vetiver ecotypes gave
the highest leaf area resulted in the ecotype
Bojonegoro with control treatment (8653.35
cm?), whereas the lowest value for the said
trait (3027.82 cm?) from ecotype Padang with
salinity of 20 dsm™. These results confirmed
that the higher salinity level affects and
reduces growth, leaf morphology, level of
transpiration, and the total chlorophyll content
in vetiver ecotypes. The findings of Novita et
al. (2019) detailed that salinity stress
conditions increase chlorophyll a and b and
cause morphological changes in leaf size and
area. Purwaningrahayu and Taufig (2017)
explained that salinity stress causes plants to
suffer from physiological drought, with the
plants unable to absorb moisture optimally,
eventually decreasing the relative water
content in the leaves. A decline in the relative

water content of the leaves is due to a
decrease in turgor pressure, resulting in
disruption of the cell expansion process
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Table 2. Salinity levels’ effect on the leaf area of vetiver ecotypes.

Ecotypes

Salinity levels E, = E Means
................................ CM s

So 7193.02 bcd 8653.35 a 7951.52 ab 7932.63
S 6411.67 de 7778.32 abc 7060.80 bcd 7083.59
S, 5752.07 ef 6950.43 cd 6778.47 d 6493.66
Ss3 4958.75 fgh 5791.80 ef 5391.37 fg 5380.64
Sa 4057.02 hi 4496.47 ghi 3976.10 ij 4176.53
Ss 2882.42 k 3111.73 jk 3027.82 k 3007.32
Means 5209.16 6130.35 5697.68

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

Table 3. Salinity levels’ effect on the number of tillers of vetiver ecotypes.

Ecotypes

Salinity levels E, 5 E Means
.......................................... tiller. e,
So 4.67 cdef 4.83 cde 7.33 a 5.61
Si 5.17 ¢ 5.17 ¢ 6.33b 5.56
S, 4.17 fgh 4.67 cdef 5.00 cd 4.61
S3 4.17 fgh 4.33 efg 4.50 def 4.33
Sy 3.83 ghi 3.67 hi 4.17 fgh 3.89
Ss 2.33k 3.00j 3.50 ij 2.94
Means 4.06 4.28 5.14

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

because of moisture shortage in the tissues
(Katerji et al., 1997). Disruption of cell
expansion can be visible due to a decreased
leaf area with exposure to salinity stress
conditions.

Number of tillers

Analysis of variance revealed that salinity
stress, vetiver ecotypes, and their interactions
significantly impacted plant tillers with varied
differences for the said trait (Table 3). Vetiver
ecotype Padang without saline soil had the
highest number of tillers while growth and the
number of tillers declined with salinity stress.
Exposure to salinity stress conditions also
inhibited plant growth in other ecotypes. Niu et
al. (2012) revealed that after exposing the
sorghum and maize plants to salinity stress (at
8 dsm™ for 40 days), a reduced number of
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tillers and dry weight of leaves and stems
occurred.

Tillering is an influential growth and
development parameter, and with saline stress
conditions, the number of vetiver tillers was
less than the control treatment. The salinity
level of 4 dsm™ recorded the maximum
number of tillers, with the minimum tiller
number observed at the highest salinity level
(20 dsm) (Table 3). Salinity stress conditions
reduced the nutrient and water absorption by
the roots, which showed a decline in tillers
(Ashraf et al., 2004).

Chlorophyll a and b

Based on the analysis of variance, it was
evident that different salinity stress levels,
vetiver ecotypes, and interactions between
them exhibited significant differences for
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Table 4. Salinity levels’ effect on chlorophyll a content of vetiver ecotypes.

. Ecotypes
Salinity levels E, = E Means
.......................................... MG/ G

So 0.61c 0.73 c 0.70 c 0.68
Si 1.02c 1.43 bc 0.97 c 1.14
S, 1.05c¢ 1.29 ¢ 1.72 bc 1.35
S3 0.88 c 0.87 c 1.50 bc 1.08
Sy 1.54 bc 291 a 1.21c 1.89
Ss 1.71 bc 2.54 ab 1.76 abc 2.00
Means 1.14 1.63 1.31

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

Table 5. Salinity levels’ effect on the chlorophyll b content of vetiver ecotypes.

Ecotypes

Salinity levels E 5 E Means
.......................................... MG/ Gt

So 0.33 c 0.39c 0.38 c 0.37
S, 0.54 c 0.94 abc 0.67 bc 0.72
S, 0.99 abc 1.34 ab 1.64 a 1.32
S3 0.68 bc 0.64 bc 0.81 bc 0.71
S, 0.50 c 1.59 a 0.65 bc 0.91
Ss 0.74 bc 1.58 a 0.99 abc 1.10
Means 0.63 1.08 0.85

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

chlorophyll a and b (Tables 4 and 5). The
vetiver ecotype Bojonegoro experienced
increased chlorophyll due to salinity stress and
showed higher chlorophyll content with
enhanced salinity stress. It suggested that the
vetiver ecotype Bojonegoro better responded
to salinity stress and was physiologically
capable of increasing chlorophyll levels after
adapting to saline conditions. These results
also aligned with the past findings of Shah et
al. (2017), who mentioned chlorophyll
decreased with reduced salinity from tolerant
wheat genotypes.

Plants exposed to higher
concentrations of salts for a long time will
experience adverse impacts on the chlorophyll
content in the leaves. It is also evident from
the lower leaf chlorophyll index with higher soil
salinity levels. The abiotic stress factors can
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influence photosynthetic efficiency; thus,
concentration of chlorophyll pigments is crucial
to knowing the tolerance of the genotypes to
various stressors. Recent studies also showed
that salinity stress leads to halophytes’
increased chloroplasts (Bose et al., 2017).
However, with low salt concentrations, an
increased concentration of chlorophyll a and b
emerged; however,  with higher  salt
concentrations, the chlorophyll pigment
concentrations decreased in purslane
(Portulaca oleracea L.) (Amirul-Alam et al.,
2015) and Iranian licorice (Glycyrrhiza glabra
L.) (Mousavi et al., 2022).

Root length

The results on the root length of the three
vetiver ecotypes under varied salinity stress
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conditions appear in Table 6. Based on analysis
of variance, salinity stress conditions, vetiver
ecotypes, and their interactions have
influenced significant effects on root length.
The outcomes showed that the control
treatment (without salinity) emerged with the
longest vetiver roots, but the root length
gradually decreased as salinity levels
increased. These results were also analogous
to Du and Truong (2006), with the vetiver
genotypes’ roots piercing to 70 cm while
penetrating the saline soil and reaching
subsurface moisture, while other plants cannot
go deep where the mostly reduced dissolved
salt content point. Zhao et al. (2020) stated
that salinity stress inhibits plant growth and
development with osmotic pressure as the
main obstacle, which decreases the external
water potential and interferes with the ability
of plants to absorb water. This process triggers
several vital events in plant tissues, such as
the expansion of root and shoot cells
immediately stopping due to a turgor pressure
decrease. Plants have to make osmotic
adjustments, and the cell turgor in the roots
returns within 40-60 minutes with increased
uptake of inorganic ions, and growth resumes.

In addition to environmental
conditions, the difference in root length growth
might refer to genetic factors, in which some
ecotypes have a better adaptation mechanism
under salinity conditions. Plants will try to
survive by maximizing root growth to increase
water absorption to balance turgor pressure.
The NaCl stress can cause plants to distribute
more photosynthate into the roots to maximize
nutrient and water absorption. According to
Negrao et al. (2017), the plant’s response to
salinity comprises two main steps: the first is
rapid, described as the osmotic phase, wherein
as the salt reaches, the roots decrease the
osmotic potential of the soil-plant relationship,
triggering a reduction in shoot growth due to
reduced water potential, and the second is
described as slow, comprising absorption and
signaling of toxic ions, such as Na*.

Root volume

The analysis of variance on salinity stress
levels, vetiver ecotypes, and their interactions
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provided significant differences for root volume
(Table 7). Observations expressed that,
without saline stress, the ecotype Padang
showed the highest root volume, whereas, with
salt treatment (12 dsm™), the ecotype
Bojonegoro showed the lowest root volume.
Without salinity, the plant roots were
undisturbed, and the root growth significantly
increased; however, at the highest salinity (20
dsm™), a significant effect appeared on
decreasing the root volume. Kafi and Rahimi’s
(2011) findings indicated that salinity caused a
reduction in root growth (volume, area,
diameter, total and core length, and root dry
weight) and shoot biomass in purslane
(Portulaca oleracea L.). Furthermore, Bidalia et
al. (2019) explained that salinity can induce
elemental nutrient deficiencies and imbalances
in crop plants. The presented study also
revealed that low-salinity-induced growth may
be due to salinity-induced acceleration of N, K,
and Cl uptake by the vetiver ecotypes. With
the competition between nutrients and major
salt species, the plant's uptake and
accumulation of nutrients often weaken under
saline conditions.

Essential oil

Observations on the essential oil production of
three vetiver ecotypes under different salinity
stress conditions are available in Table 8.
Based on the analysis of variance, a significant
effect on essential oil production occurred with
salinity stress levels, vetiver ecotypes, and
their interactions. The highest essential oil
production surfaced in the ecotype Padang
without salinity stress, whereas the lowest was
in ecotype Bogor, with salinity stress at 20
dsm™. In all three ecotypes, essential oil
production decreased with increased salinity
levels. Results further revealed that salinity
stress can affect the plant growth parameters
(plant height, leaf area, number of tillers, root
length, and root volume), causing decreased
oil production. Mbarki et al. (2018) stated that
salinity affects the physiological activities of
the leaves in crop plants, particularly
photosynthesis, which is the chief cause of
reduced plant productivity. According to
Charles et al. (1990), the stimulation of
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Table 6. Salinity levels’ effect on the root length of vetiver ecotypes.

Ecotypes

Salinity levels E, = E Means
.......................................... CIMceee e

So 62.90 cd 88.67 ab 97.63 a 83.07
S 63.83 cd 77.45 bc 85.43 ab 75.57
S, 62.72 cd 64.63 cd 76.50 bc 67.95
Ss3 49.27 def 54.38 de 61.43 cd 55.03
S4 39.58 efg 40.02 efg 47.58 def 42.39
Ss 28.93 g 32.13 fg 35.70 fg 32.26
Means 51.21 59.55 67.38

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

Table 7. Salinity levels’ effect on root volume of vetiver ecotypes.

Ecotypes
Salinity levels E; E, E; Means
.......................................... CMPeeeee s

So 200.33 c 213.67 b 265.33 a 226.44
S: 160.56 d 170.28 d 210.39 bc 180.41
S, 112.72 f 131.17 e 169.11d 137.67
Ss3 74.94 h 84.72 gh 95.28 g 84.98
S4 55.33i 60.83 i 78.39 h 64.85
Ss 35.89 k 52.56 ij 42.28 jk 43.57
Means 106.63 118.87 143.46

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1l: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.

Table 8. Salinity levels’ effect on essential oil production of vetiver ecotypes.

. Ecotypes
Salinity levels E, 5 E Means
.......................................... M

So 5.77 bc 6.27 b 8.03 a 6.69
S 4.57 de 5.03 cd 6.43 b 5.34
S, 2.78 ghi 3.53 fg 5.23 cd 3.85
S3 2.32 hij 2.88 gh 4.18 ef 3.13
Sy 1.97 ijk 2.48 hij 3.42 fg 2.62
Ss 1.18 k 1.67 jk 2.75 gh 1.87
Means 3.10 3.64 5.01

Note: SO: no salinity, S1: 4 dsm™, S2: 8 dsm™, S3: 12 dsm™, S4: 16 dsm™, S5: 20 dsm™.
E1: Bogor Ecotype, E2: Bojonegoro Ecotype, and E3: Padang Ecotype.
Numbers followed by different letters in the same column are significantly different according to DMRT at 5%.
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essential oil production under a moderate
degree of salinity could be due to a higher oil
gland density and an increase in the absolute
number of glands produced before leaf
emergence in peppermint.

Besides, salt stress may also affect the
essential oil accumulation indirectly through its
effect on the net assimilation or the
partitioning of assimilates among growth and
development processes in lemon grass
(Cymbopogon schoenanthus L.) (Khadhri et al.,
2011). In plants, the formation and
accumulation of essential oil were also
attributable to environmental factors. Further
claims may be that the essential oil formation
and accumulation directly depend on the
perfect growth and development of the plant's
producing oil (Mostajeran et al., 2014).

CONCLUSIONS

Salinity stress levels, vetiver ecotypes, and
their interactions had significantly affected
plant height, leaf area, number of tillers,
chlorophyll a and b, root length and volume,
and essential oil production. Salinity stress of
16 dsm™ significantly reduced plant growth
and development but increased the chlorophyll
a and b content. The vetiver ecotype
Bojonegoro had better shoot growth, though
the ecotype Padang had better root growth,
resulting in higher essential oil production
versus the ecotype Bojonegoro. Ecotype
Bojonegoro at 16 dsm™ showed a significantly
increased chlorophyll a and b content.
However, ecotype Padang with control showed
the highest essential oil compared with the
salinity stress treatments.
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