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Abstract 
Vetiver grass (Vetiveria zizanioides L.) is widely used for soil and water con-
servation, and land management. In practice, all vetiver seedlings are propa-
gated via ramets or tillers, which cannot meet the market demand and would 
also destroy the original habitat. Most vetiver genotypes flower but do not 
produce seeds. A wild ecotype of vetiver grass originated in southern China is 
fertile, but the rate of seed germination is very low. This study aimed to de-
velop a novel method to improve its seed germination and seedling estab-
lishment. In the field, the inflorescences of wild vetiver were wrapped using a 
transparent plastic bag with a pot containing wet soils. The effects of inflo-
rescence bagging and Tween 80 application on seed germination and seedling 
growth were examined. The results showed that seed development was cha-
racterized by low seed setting rate (19.2%), uneven maturity time, easy shed-
ding (more than 95% of spikelets shed off 20 days after flowering), therefore 
difficult harvest of viable seeds. Bagging the inflorescence with moist soils in 
pot ensured the mature seeds falling onto the nursery soil surface and ab-
sorbing water for germination while the immature seeds continued to grow 
on the inflorescence. Bigging not only improved seed development and ma-
turity, saved the procedure of seed collection and storage, but also provided a 
humid micro-environment for seed germination and seedling growth. Tween 
80 as a surfactant promoted seed water absorption, germination and seedling 
growth. This simple and novel method has integrated the procedures of seed 
collection, storage, germination and seedling establishment, and enables the 
production of a large number of healthy seedlings. The possible reasons for 
the degeneration and disappearance of the original population were also dis-
cussed from the perspective of the disadvantages of vetiver propagation. 
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1. Introduction 

Vetiver grass (Vetiveria zizanioides L.) is a perennial herbaceous plant of the 
genus Vetiver of Gramineae, and has the characteristics of strong adaptability, 
fast growth, well-developed reticular root system, drought resistance and barren 
tolerance etc. It is regarded as an ideal plant species for soil and water conserva-
tion by more than 120 countries and regions [1] [2], playing an important role in 
restoration of degraded landscape, bioremediation of soils contaminated with 
heavy metals and pollutants [3] [4]. It is reported that nearly 1/3 of China’s land 
area suffers different degrees of soil and water loss, and urgently requires the 
situation under control by growing vetiver grasses [5]. However, all vetiver 
grasses currently in use are propagated by the method of splitting growing plants 
and transplanting the slips, which is not only unable to meet the market demand 
but can also destroy the original habitat [6]. Moreover, tissue culture of vetiver 
grass has been carried out [7] [8] [9], but is not feasible for high-quantity pro-
duction. 

There have been few reports on the seed-born seedling of vetiver because of 
low germination rate. Parihar et al. [10] reported that an ecotypic vetiver in In-
dia had seed germination of 18.5%. In contrast, the germination rate of the ve-
tiver seeds from southern China was only 0.5% and reached 14.0% after gibbe-
rellin treatment, and the survival rate of seedlings was about 50% after trans-
planting [11]. The highest germination rate was 9.5% when the seeds were 
treated with variable temperatures (25˚C - 35˚C) [12]. The present seed germi-
nation methods require seed collection and storage, which can be problematic 
for vetiver seeds. Because of the inconsistent seed maturation in the vetiver in-
florescences and the tendency of falling off while maturing [11], viable seeds are 
often difficult to collect, and partially account for low germination of the vetiver 
seeds. In addition, these methods need hormone treatment [11], growth cham-
ber to control temperature [12], transplanting to nursery after germination etc., 
leading to low survival rate and hence limitation for field application. 

There are flowering and non-flowering vetiver plants [13]. Most vetiver geno-
types flower but do not produce seeds. In Wuchuan County (21˚30'N, 110˚50'E), 
Guangdong Province of China, a wild and fertile ecotype of vetiver grass was 
found in May, 1957 [14]. This vetiver community extended over an area of about 
6700 ha in the 1950’s, but has now completely disappeared in the wild. Fortu-
nately, the germplasm of this species was introduced into the Grass Research 
Station of Lingnan Normal University in 2002 [15]. After more than 18 years of 
cultivation, we found that the seeds (or spikelets) of this ecotypic vetiver rarely 
germinated in the field (Figure 1(u)), indicating that it is very difficult to pro-
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duce seedlings from vetiver seeds under natural conditions. 
Seed-born seedlings can not only alleviate the shortage of seedlings due to 

merely asexual reproduction method, but also avoid the destruction of vetiver 
habitat by ramet excavation and thus protect the germplasm resources. The aim 
of this research was to develop a new method for promoting seed germination 
and seedling production of a wild vetiver. The degeneration of the original pop-
ulation was also discussed according to the characteristics of seed germination. 

 

 
Figure 1. Inflorescence of wild vetiver and the process of seedling production from seeds. 
(a) Flowering inflorescence; (b) Inflorescence with some spikelets fell; (c) Inflorescence 
without spikelets; (d) Caryopsis packed in husks; (e) Caryopsis (seed); (f) Pot with coarse 
soil; (g) Water to saturation; (h) Cover with fine soil; (i) Spraying 0.5% Tween 80 
solution; (j) Fix inflorescence on the rod; (k) Bending the inflorescence; (l) Tie the bag; 
(m) Keep a hole in side of the bag; (n) Vibrate the stem to shed the spikelets; (o) Remove 
the bag and germination occurred 20 days after bagging; (p) Covered with fine soil and 
water; (q) Seedlings 150 days after bagging; (r) Seedlings; (s) Transplant seedlings in field; 
(t) Vetiver grass 40 days after planting; (u) No seed-born vetiver plants were found 
between the rows 15 years after establishment of vetiver turf. 
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2. Material and Method 
2.1. Plant Material and Experimental Site 

The germplasm of the wild ecotype of vetiver [16] was introduced into the Grass 
Research Station of Lingnan Normal University, Zhanjiang, South Chian’s 
Guangdong province (20˚55'N, 110˚11'E) from Wuchuan County (21˚30'N, 
110˚50'E) in 2002 [15] [17], and the experiment was carried out on 13 September 
2015. The average annual rainfall, annual relative humidity (RH) and annual 
temperature are 1731.4 mm, 80% and 23.5˚C, respectively at the experimental 
site. In particular, the average monthly rainfall is 231.4 mm, 80% RH and tem-
perature 27.6˚C in September. 

2.2. Pot Preparation 

The field topsoil was collected from the Grass Research Station of Lingnan 
Normal University and 60 plastic pots were used in the nursery. The sandy loam 
with soil pH of 5.8 contained organic matter of 24.1 g·kg−1, total N of 1.18 g·kg−1, 
available N of 93.48 mg·kg−1, available P of 89.7 mg·kg−1, and available K of 78.8 
mg·kg−1. The pots were 18 cm high, 25 cm in diameter containing 7 kg of soil 
(Figure 1(f)). After watering to saturation (Figure 1(g)), the soil surfaces were 
covered with a thickness of about 0.5 cm of fine soil (passed through a 2-mm 
sieve) for preventing seeds from falling into deep soil through large soil pores 
(Figure 1(h)). Of all the 60 pots, 50 pots were sprayed with 100 mL of 0.5% 
Tween 80 aqueous solution (volume ratio) [18] on the soil surface and 10 pots 
with 100 mL distilled water as control. The pots were then packaged with trans-
parent plastic bags to prevent water evaporation from soil surface and placed 
between the rows of vetiver grass in the field (Figure 1(i)). 

2.3. Bagging Experiment 

In the field, 60 uniform vetiver inflorescences with basal seeds beginning to ma-
ture (purple spikelets turn into light brown), main stem height about 2 m and 
panicle length about 25 cm were selected. Two inflorescences were selected in 
each pot at random and bent the main stem (the main stem is soft and elastic). 
The plastic bag was opened at a 45˚ angle with the mouth facing upward. The 
bases of the inflorescences were fixed on a rod (plant branches, about 1 cm in 
diameter and about 30 cm in length) with a packing rope (Figure 1(j)). The po-
sition of the pot and the plastic bag was adjusted to ensure the curved inflores-
cence was over the pot and the bag. One end of the rod was inserted into the soil 
in the pot (Figure 1(k)) and two handles of the plastic bag were tied the reverse 
around the other end so that the inflorescence is fixed in the pot, i.e. the pot and 
inflorescence were wrapped together in the plastic bag (Figure 1(l)). An aper-
ture of about 2 cm was left on the side of the bag to allow ventilation (Figure 
1(m)). 10 pots sprayed with Tween 80 and distilled water were packed in plastic 
bag, respectively, and 10 pots sprayed with Tween 80 left without bagging. Tap-
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ping the main stem with a pole or hand every five days to produce vibrations will 
facilitate the seeds or spikelets to shed off and evenly scatter on the soil surface 
in the pot (Figure 1(n)). The temperature and relative humidity inside and out-
side the bags were monitored with thermometer and humidometer, respectively. 
The inflorescences and plastic bags were removed 20 days after the bagging 
(Figure 1(o)). After counting the number of seed germination, the soil surface 
was covered with a thickness of about 2 mm of fine soil and watered (Figure 
1(p)). After 150 days (Figure 1(o)), the seedlings were removed from the soil 
(Figure 1(r)) and the number of seedlings per pot was recorded. Ten seedlings 
randomly selected from each pot, were washed carefully with tap water to re-
move debris and the plant fresh weight and height were determined after excess 
water was sucked by suction paper. The remaining seedlings were transplanted 
to the field (Figure 1(s), Figure 1(t)). 

2.4. Germination Rate of Maturing Seeds over Times 

In the field, 60 uniform vetiver inflorescences with the basal seeds beginning to 
mature, the main stem about 2 m high and the panicle about 25 cm long were 
selected. All seeds (spikelets) on 20 inflorescences were collected separately at 
day 0, day 10 and day 20 after the beginning of bagging experiment. The seeds 
(spikelets) from 2 inflorescences were sowed evenly on the soil surface in one 
pot which was sprayed with 0.5% Tween solution, for a total of 30 pots. The pots 
were arranged between the vetiver rows and wrapped in the plastic bag with an 
aperture of about 2 cm on the side of the bag for ventilation. The germination 
number was measured at 20 days after sowing. 

2.5. Measurement of Seed Setting Rate 

At the beginning of the bagging experiment, an inflorescence was bagged using a 
white air-permeable non-woven bag to prevent seeds or spikelets from falling 
when maturing, and a total of 10 inflorescences were bagged. Twenty days later, 
the number of spikelets (shed and intact), sterile spikelets and seeds in the inflo-
rescences were counted under a dissecting microscope (6 × 40 magnification, 
Olympus SZX7, Japan). 

2.6. Statistical Analysis 

1) Spikelet number = fertile spikelet number (=seed number) + sterile spikelet 
number 

2) Seed setting rate = (seed number/spikelet number) × 100% 
3) Sterile spikelet rate = 100% − Seed setting rate 
4) Germination rate = (germination number/seed number) × 100% 
5) Seedling rate = (number of seedlings/germinating number) × 100% 
Data were examined by one-way analysis of variance using SPSS18.0 for 

Windows (SPSS Inc., Chicago, IL, USA) and differences between means (p < 
0.05) were assessed by Duncan’s multiple range test. 
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3. Results 
3.1. Climatic Conditions during the Experiment 

During the experiment (20 days), the average temperature was 26.4˚C, with total 
rainfall 53.5 mm, average RH 72.8%, total evaporation 97 mm, average sunshine 
hours 7.78 h, and average wind speed 2.56 m/s. The temperature is 24.6˚C - 
38.5˚C inside the bag and 21.2˚C - 33.6˚C outside. RH is 100% inside the bag 
and 37% - 88% outside. 

3.2. Seed Setting Rate of the Wild Vetiver 

The inflorescence of wild vetiver grass produced a large number of spikelets, but 
only 159 seeds per inflorescence and 17.9% of seed-setting rate (Table 1), indi-
cating the vast majority of spikelets are sterile (82.1%). In addition, more than 
95% of spikelets shed off the inflorescence 20 days after basal seed began to ma-
ture, suggesting that seeds or spikelets tend to fall off after maturing. 

3.3. Effects of Bagging and Tween 80 Treatment on Seed  
Germination Rate, Seedling Rate and Seedling Growth of  
Vetiver 

The germination rate of non-bagging treatment is nil, whereas bagging signifi-
cantly increased the germination rate (Table 2). In addition, under bagging, 
compared with water treatment, 0.5% Tween 80 treatment significantly in-
creased seed germination rate, seedling rate, plant height as well as plant fresh 
weight by 22.8%, 9.1%, 15.3% and 29.3%, respectively. 

3.4. Effect of Harvest Times on Seed Germination Rate 

The germination rates of the seeds collected on 0 day, 10 days and 20 days, re-
spectively, after the beginning of bagging experiment are significantly different 
(Table 3). The germination rate of seeds harvested at day 10 was the highest, 
with day 20 the lowest. The germination rates of seeds harvested on the day 0, 10 
and 20 decreased by 90.2%, 73.4% and 98.3%, respectively, compared with 0.5% 
Tween + bagging (Table 2). 

 
Table 1. Seed setting percent of vetiver grass in southern China. 

Spikelets (No/head) Shed spikelets (No/head) Seeds (No/head) Seed-setting rate (%) Sterile spikelet rate (%) 

889.0 ± 32.05 848.1 ± 28.17 159.4 ± 11.53 17.9 ± 0.72 82.1 ± 0.72 

Means ± SD. (n = 10). 
 
Table 2. Germination rate, seedling rate and seedling growth of vetiver grass under different treatments.  

Treatments 
Germination number 

(No/pot) 
Germination rate 

(%) 
Seedling number 

(No/pot) 
Seedling rate 

(%) 
Seedling height 

(cm) 
Fresh weight 

(g/plant) 

0.5% Tween 80 0a 0a 0a 0a 0a 0a 

Water + bagging 92.1 ± 5.74b 29.0 ± 1.81b 74.1 ± 5.43b 80.4 ± 2.19b 36.5 ± 2.17b 4.1 ± 0.19b 

0.5% Tween 80 + bagging 113.1 ± 12.49c 35.6 ± 3.93c 99.1 ± 11.12c 87.7 ± 3.16c 42.1 ± 3.14c 5.3 ± 0.19c 

Different letters in the same column show significant difference between treatments (P < 0.05), means ± SD (n = 10). 
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Table 3. Effect of seed collection times on seed germination of vetiver grass. Day 0 refers to the time when the basal seeds begin to 
mature (purple spikelets turn into light brown). 

Days of seed collection 
(day) 

Germination number 
(No/pot) 

Germination rate 
(%) 

0 11.1 ± 2.26b 3.5 ± 0.71b 

10 30.4 ± 4.20a 9.6 ± 1.32a 

20 1.9 ± 1.2c 0.6 ± 0.40c 

Different letters in the same column show significant difference among treatments (P < 0.05), Means ± SD (n = 10). 

4. Discussion 
4.1. Fruiting Characteristics of the Wild Vetiver  

Under the dissecting microscope, it was clear that this wild vetiver possesses two 
kinds of spikelets occurring in pairs on a loose many-branched seed heads 
(Figure 1(a)). One of each pair is pedicelled spikelet which always staminate and 
sterile, while the other one is sessile spikelet with potential fertility but often 
abortion. This could explain why the seed-setting rate was so low though a large 
number of spikelets occurred in each inflorescence (Table 1), which was consis-
tent with previous reports [10] [19]. In an individual inflorescence, flowering 
could last for about 10 days, and spikelets started to shed off 15 - 20 days after 
flowering (Figure 1(b)) and the shedding process would last for 20 days (Figure 
1(c)). The fact of uneven ripening of seeds and easy shattering of spikelets in an 
individual inflorescence of the wild vetiver made it difficult to collect large 
amount of mature seeds manually, and the maturing seeds collected over time 
had different germination rates (Table 3). For each inflorescence, only a small 
number of newly ripe seeds and immature seeds can be collected because of the 
tendency of shedding of mature seeds. If the collection was too early, a high 
proportion of immature seeds would be obtained, otherwise only a small num-
ber of mature seeds could be collected due to the shedding of mature seeds. 

4.2. Bagging and Seed Germination Rate 

Under no bagging, the seed germination rate of the wild vetiver was nil. In con-
trast, bagging significantly increased the germination rate (Table 2), much 
higher than that of the previous reports [11] [12]. It was likely that bagging 
could prevent seed from dehydration as 100% RH was recorded inside the bags 
during the experiment. It was reported that the germination rate of one 
wild-type vetiver was 70% when the seeds were harvested before the shedding of 
spikelets, but dropped dramatically to 40% and 10%, respectively when seeds 
were left for 3 and 7 days due to dehydration [20]. Bagging also keeps the soil 
surface in the state of moisture which would promote the water absorption of 
seeds and spikelets instantly. It is well known that seeds of tropical plants usually 
have a short life span, and that the seeds of vetiver, a typical tropical plant, will 
readily lost their viability during the storage [12]. The seeds of the wild vetiver in 
south China mature during the dry season from September to November, with 
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average monthly rainfall of 103.4, 87.0 and 45.4 mm in September, October and 
November, respectively. In addition, the caryopsis are usually still enclosed in 
husks after the spikelets shed off (Figure 1(d)), which would prevent water ab-
sorption for seeds from surroundings. If spikelets fall on the dry soil, it is easy 
for ripe seeds to lose vigor due to dehydration. In the present study, wrapping 
the pots with impermeable plastic bag (Figure 1(l)) could not only reduce water 
evaporation from soil surface in the pot but also prevent water vapor from es-
caping the bag, which would create a high humidity microenvironment for ve-
tiver seeds, so as to prevent the seeds from reducing vitality due to dehydration 
and promote germination rate. Secondly, transparent plastic bags which would 
secure sufficient light intensity inside the bags and an aperture in the bag 
(Figure 1(m)) for influx of oxgen and efflux of CO2 could minimize the negative 
impact of bagging on the growth and development of the inflorescences, there-
fore the seeds can grow and develop healthily inside the bag. When seeds were 
ripe and spikelets shed, the moist environment will synchronize the process of 
shedding and water absorption of seeds (or spikelets). Thirdly, originated in 
tropical and subtropical regions, vetiver requires high temperature for seed ger-
mination. Bagging increased the micro-environmental temperature (24.6˚C - 
38.5˚C inside vs 21.2˚C - 33.6˚C outside), and promoted seed germination. 

4.3. Tween 80 and Seed Germination 

According to Parihar et al. [10], vetiver seeds have a postmature dormancy of 
about three months, while others reported no dormancy period [21], or even a 
decrease in seed germination after storage for just few days [20]. Our study was 
consistent with the latter, i.e. vetiver seeds can germinate immediately after ma-
turity (Figure 1(o)). Sometimes, we even observed that spikelets germinated on 
the inflorescences without shedding. Our results likely indicate the dormancy of 
vetiver seed is largely due to mechanical inhibitor other than physiological factor 
because dehusking the spikelets could significantly increase the germination rate 
of vetiver seeds, for husks may impose mechanical restraint or restrict the avail-
ability of oxygen to the embryo [22]. After the shedding of spikelet, the seeds 
(caryopses) of the vetiver were still enclosed in the husks (Figure 1(d)) that 
covered with hydrophobic substances such as wax and epidermal hairs, pre-
venting the absorption of water for seeds from the circumstances. Tween 80, an 
emulsifier, as a surfactant interacting with membrane proteins which made them 
more hydrophilic can reduce surface tension of both husks and seed coats and 
facilitate water absorption, therefore, promote seed germination rate [18] [23]. 
Meanwhile, Tween 80 has the ability to improve the level of endogenous IAA 
[18], which also promotes seed germination. Among other things, antimicrobial 
activity of the emulsifier Tween 80 [24] also contributes to promotion of seed 
germination rate, for the moldy seeds were often observed in culture dishes [12] 
as did in our experiment without application of Tween 80. 

Our result also showed that Tween 80 can significantly promote the growth of 
vetiver seedlings (Table 2), largely attributed to the fact that Tween 80 can pro-
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mote water absorption of seeds and earlier germination, and extend the seedling 
growth period. In addition, Tween 80 could also increase endogenous IAA level 
in seedlings and promote seedling growth [18]. 

4.4. Bagging Improves Seedling Survival 

In this experiment, the seedling rate of vetiver was more than 80% (Table 2), 
much higher than that of the previous report [11]. Owing to the very tiny seeds 
(Figure 1(o)), very thin and weak as the newborn vetiver seedlings are (Figure 
1(e)), the delicate seedlings are vulnerable to mechanical damage in the process 
of transplantation and environmental stresses e.g. drought, therefore seedling 
rates were often very low [11]. In this study, both seed germination and seedling 
culture were carried out in the same pot (Figure 1(o)), which would eliminate 
the adverse factors caused by transplanting, therefore improve the seedling rate. 

4.5. Possible Causes of Natural Population Degradation of the  
Wild Vetiver 

The original community of the vetiver was located on the river alluvial plain in 
the lower reaches of the Jianjiang river in western Guangdong province, China 
with several tributaries running through it. In 1957, the total area of the com-
munity was 6700 ha [14]. Although other populations were distributed in the 
community, such as Herba chinensis, Sweet Leymus, etc., vetiver was the domi-
nant species. By 1997, however, the community had been completely frag-
mented, and the area had shrunk significantly with vetiver grass only being dis-
tributed in low-lying flooded areas and seasonally flooded areas. By 2002, the 
area of the population was reduced to less than 150 ha [15] and completely dis-
appeared in 2013. In less than 60 years, such a large area of the population has 
disappeared, though human activities, such as land reclamation and land clear-
ing, have an unshirkable responsibility, its own reproductive disadvantage can-
not be ignored. First, it is difficult for vetiver grass to reproduce asexually under 
natural conditions. It is reported that mowing vetiver grass twice a year can 
promote tillering and growth of vetiver, while the absence of mowing could in-
hibit tillering and the cluster will inevitably die [25] [26]. A similar case was ob-
served in our grass research station, where burning practice could promote til-
lering more than shearing (Figure 1(u)). Before the 20th century, vetiver was cut 
frequently to meet people’s needs for fuel and materials for building huts, inad-
vertently helping to breed vetiver. With the advent of China’s reform and open-
ing up in the late 1970s, the use of fossil fuels and modern building materials has 
sharply reduced the demand for vetiver. Therefore, the cutting amount of vetiver 
is reduced, which exacerbated the degradation of vetiver. Secondly, it is difficult 
to reproduce vetiver sexually under natural conditions. This vetiver grass is a 
wetland one [27]. The results mentioned above showed that the seeds can only 
germinate under high humidity. In the early years, the land of habitat was flat, 
with many rivers and rivers, forming a dense river network. During the flood 
period from April to September, seasonal wetlands were formed [14]. Mature 
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seeds fall onto wet soil and absorb water to germinate. However, in 1990s, as the 
result of canals and fish ponds were built, which caused water levels drop and 
wetlands disappear, the fallen seeds could not germinate because of drought. In 
conclusion, the degeneration and disappearance of this vetiver population in 
south China is caused by the combination of human activities and its own re-
productive disadvantage, which also determines its character of non-invasive 
weed [27] [28]. This is just our opinion, and if there is anything incorrect, please 
criticize and correct. 

5. Conclusion 

In conclusion, because of the inconsistency of seed maturity of wild vetiver in 
south China, it is not easy to collect mature seeds manually, and the seeds are 
easy to be dehydrated and lose vigor after ripening, which leads to difficult ger-
mination under natural conditions. Bagging the inflorescences and a pot con-
taining wet soils using a transparent plastic bag provides a transparent, 
high-humidity microenvironment for seeds, which prevents seeds from dehy-
dration and reduction of vigor, and promotes seed germination by facilitating 
water uptake. Tween 80 can not only reduce the surface tension of seeds, facili-
tating more rapid water absorption and seed germination, but also promote the 
growth of seedlings. The mentioned method integrates seed growth, maturation, 
collection, storage, germination and seedling raising, which warrant high seed 
germination rate and strong seedlings. The inferiority of wild vetiver propaga-
tion in south China is one of the reasons that cause the origin population to de-
generate and disappear. 
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