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In this research, protoplasts were isolated from cell suspension derived from inflorescence of

vetiver (Vetiveria zizanioides Nash) Surat Thani germplasm. The optimum condition for protoplast iso-

lation was established by using 2% cellulase Onozuka R10, 2% macerozyme R10, 0.5% pectinase in 0.4 M

mannitol and 7 mM CaCl
2
.2H

2
O at pH 5.8 and incubated for 10 hours in the dark on the rotary shaker at

50 rpm. Maximum protoplast yields were 8.4 ××××× 104 protoplasts/ml PCV. Division of protoplasts was observed

only in liquid medium. The first cell division was observed after 3 days of culture initiation, and the average

division was 5.0% in the N
6
 medium supplemented with 1.0 mg/l 2,4-D (2,4-dichlorophenoxyacetic acid)

and 0.5 mg/l BA (Benzyladenine). An optimal density for culture division was 1 ××××× 105 protoplasts/ml.
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Vetiver (Vetiveria zizanioides Nash) is an
important grass. It is commonly called the “low-
land” vetiver (Faek Hom in Thai). There are many
populars germplasm of Faek Hom as following;
Kamphaeng phet 2,  Surat Thani,  Songkhla 1,
Songkhla 3 and Chiang Rai. Surat Thani germplasm
has been found the most adaptive to general grow-
ing conditions in Thailand (Sayamanonta et al.,
1996).  It is a source of animal feed, thatching,
handicrafts as well as soil erosion control. Vetiver
has no rhizomes or stolons and is propagated by
slips. However, there are reports of successful
propagation of vetiver by tissue culture technique
using leaves (Mucciarelli et al., 1993). Moreover,
plantlets of vetiver can be generated from inflo-
rescence (NaNakorn et al., 1998; Keshavachan-
dran and Khader, 1997).

Improvement in vetiver plant, such as herbi-
cide resistance and quality, have been generally
achieved through cell selection (Prasertsongskun
et al., 2002).  New possibilities for improving
vetiver may be provided by protoplast technology.
Protoplast is a plant cell from which the cell wall
has been removed. Therefore, DNA can be taken
up directly by transformation involving somatic
hybridization. The success of protoplast isolation
depends on the condition of the tissue and the

combination  of  enzyme  being  used  (Galbraith
et al.; 1984; Rasheed et al., 1990). The effect of
cell  densities  for  protoplast  development  was
also reported (Kuchuk et al., 1998; Saito and
Suzuki, 1999). Protoplasts from cell suspension
and leaves are the most commonly obtained and
usually regenerate into dividing cells. There are
reports on isolation and culture of protoplasts
from leaves and suspension in monocots. Karim
and Adachi (1997) reported the successful isola-
tion and culture of protoplast of Allium cepa from
cell suspension culture. Kisaka et al. (1998) iso-
lated protoplast of barley (Hordeum vulgare L.)
and rice (Oryza sativa L.) and successfully ob-
tained fusion product by electrofusion.

To date, there is no report on vetiver regen-
eration from protoplasts. In this paper, the author
reports an attempt to isolate and culture proto-
plasts of vetiver Surat Thani germplasm.

Materials and Methods

Plant materials and initiation of cell suspension

culture

Vetiveria  zizanioides  Nash  Surat  Thani
germplasm was used in this experiment. Inflores-
cence was surface-sterilized by soaking in 70%
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ethyl alcohol for 5 min then cut into small pieces
and transferred to solid Murashige-Skoog (MS)
medium (Murashige and Skoog, 1962) supple-
mented with 15 µM 2,4-D. After three weeks
of culture calli were transferred to solid MS
medium supplemented with 10 µM 2,4-D. In this
medium, compact yellow and friable embryoge-
nic calli were formed. Only compact calli were
selected and subsequently cultured in liquidified
basal N

6 
medium supplemented with 10 µM 2,4-D,

10 mM proline  and  20 g/l  sucrose  (pH 5.8)
(Prasertsongskun, 2003). The cultures were grown
in 125-ml Erlenmeyer flasks on a gyratory shaker
with  an agitation of 110 rpm, under a 16-h photo-
period, a light intensity of 50 µEm-2s-1 and a tem-
perature of 25+2oC. Cell suspension cultures of
vetiver were established from the callus within 6
months. The cell suspension cultures were trans-
ferred to the same liquid N

6 
medium and subcul-

tured weekly.

Protoplast isolation

Protoplasts were isolated from 6-month-
old suspension culture of vetiver which had been
subcultured at weekly intervals. Four days after
subculture, the cells from suspension cultures were
used for isolation of protoplast. In this experiment,
the enzyme solution was filter-sterilized and the
washing solution was sterilized by autoclaving at
1.07 kg/cm2, 121oC for 15 minutes. One milliliter
packed cell volume (PCV) of cell suspensions
were incubated in 4 ml of filter-sterilized enzyme
solution consisting of various enzymes: cellulase
Onozuka R10 (1.0, 2.0 and 3.0%), macerozyme
R10 (1.0, 2.0 and 3.0%) and pectinase (0.5, 1.0
and 1.5%) (Table 1). The enzymes were dissolved
in 0.4 M mannitol and 7 mM CaCl

2
.2H

2
O (pH 5.8).

The  incubation  was  performed  on  a  gyratory
shaker set at 50 rpm for 10 h in the dark at 25+
2 oC. Protoplasts were filtered through 100-µm
nylon  mesh  and  washed  twice  with  washing
solution [0.4 M mannitol and 7 mM CaCl

2
.2H

2
O]

by centrifugation at 500 rpm for 5 min. The pro-
toplasts were purified by floating on a 21% (w/v)
solution of sucrose and centrifuged at 500 rpm
for 5 min, and then washed once with the washing

solution. Protoplasts were counted using a hae-
macytometer slide and the density was adjusted
to culture in various types of culture media.

Protoplast culture

N
6 
 medium  containing  2%  (w/v)  sucrose

was used as basal medium. The effects of different
combinations of 2,4-D (0.5, 1.0 mg/l) and BA
(0,  0.5,  1.0,  2.0  mg/l)  on cell division were
examined. Protoplasts at a density of 1×105 pro-
toplasts/ml were cultured in these media and
placed in 6×1.5 cm steriled Petri dishes.  The
effects of type of culture medium and protoplast
density on division of protoplast were observed.
Protoplasts were cultured in liquid and solid N

6

medium and comprising 1×105 and 2×105 proto-
plasts/ml. For liquid medium, protoplasts were
suspended in 3 ml of the medium and cultured as
thin layer. The solid medium was solidified by
0.15% Gelrite (Sigma).   The Petri dishes were
sealed with parafilm during the culture period.
All cultures were maintained at 25+2oC in the
dark. Dividing protoplasts were counted.

Experimental design and statistical analysis

This experiment was conducted in a com-
pletely randomized design (CRD) with five repli-
cations. Protoplast yields were counted by hae-
macytometer slide and the average number of
protoplasts per ml PCV calculated. Dividing
protoplasts were calculated by finding the number
of cells showing division.  Duncan’s multiple
range test (DMRT) was used for the statistical
evaluation of experimental data. Standard devia-
tion (SD) and levels of significance (P) are pre-
sented in the tables.

Results

Protoplast isolation

Maximum protoplast yields from suspen-
sion cultures were 8.4×104 protoplasts/ml PCV.
It was clearly seen that all combinations of cellu-
lase Onozuka R10 and macerozyme R10 in the
absence of pectinase gave low protoplast yield.
Addition of pectinase at 0.5% promoted a higher
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Table 1. Effect of various enzyme combinations on yield of protoplasts of vetiver.

     Enzyme (%)

Cellulase Onozuka R10   Macerozyme R10   Pectinase

    1.0 1.0                      -           -
2.0 1.0                      - 0.2×104+0.0c
2.0 2.0                      - 0.4×104+0.4c
2.0 2.0 0.5 8.4×104+0.5a
3.0 2.0 1.0 3.2×104+2.4b
2.0 3.0 1.5 1.0×104+1.3bc

Means followed by the same letter are not statistically significant at P<0.05 according to Duncan’s multiple range

    test (DMRT). Each value is the mean of five replicates.

SD = Standard deviation

Yield of protoplasts  (protoplasts/ml PCV)+SD

yield of protoplasts. Concentration of pectinase
higher than 0.5% did not provide high yield of
protoplasts (Table 1). There was a great variation
in protoplast size.  The size of the protoplasts
ranged from 10 µm to 25 µm (Figure 1).

Protoplast culture

The effect of various combinations of plant
growth regulators in the initial protoplast culture
was tested, and the results are shown in Table 2.
The suitable medium for the culture of vetiver
protoplasts was liquid N

6 
medium supplemented

with 1.0 mg/l 2,4-D and 0.5 mg/l BA. Percentage
of protoplast division in this medium was 5.0%.

Figure 1. Isolated protoplasts from vetiver cell

suspension (100×××××).

Table 2. Effects of combination of growth regula-

tors on division of protoplasts of vetiver

in liquid N
6
 medium.

    Plant growth

 regulators (mg/l) Protoplast division (%)+SD

   2,4-D       BA

     0.5 0  0.0+0.0a
0.5 1.1+2.5a
1.0 2.2+3.1a
2.0 1.1+2.5a

1.0 0 1.3+3.0a
0.5 5.0+2.9a
1.0 2.5+3.5a
2.0 2.2+3.1a

Means followed by the same letter are not statistically sig-

nificant at P<0.05 according to Duncan’s multiple range

test (DMRT). Each value is the mean of five replicates.

SD = Standard deviation

Protoplast culture was monitored using two dif-
ferent methods, namely liquid and solid media.
Mitotic division was observed only in liquid cul-
ture. With protoplast densities of 1×105 and 2×105

protoplasts/ml, the percentage of cell divisions
were 5.1 and 1.3%, respectively (Table 3).  The
density of 1×105 protoplasts/ml gave optimum
protoplast division (5.1%), but this response was
not  statistically  different  from  the  response
obtained (1.3%) with density of 2×105 protoplasts/
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Table 3. Effect of culture method on division of

protoplasts of vetiver.

Protoplast density      Protoplast

  (protoplasts/ml)      division (%)+SD

Liquid medium           1×105           5.1+2.9a
           2×105           1.3+3.0a

Solid medium            1×105                  0.0+0.0b
           2×105                  0.0+0.0b

Means followed by the same letter are not statistically

significant at P<0.05 according to Duncan’s multiple

range test (DMRT). Each value is the mean of five repli-

cates.

SD = Standard deviation

Culture method

Figure 2. First division of vetiver protoplast at

3 days after culture (200×××××).

ml. The first cell division occurred 3 days after
culture (Figure 2). Microcolony was not obtained.
Protoplasts plated in solid medium failed to divide.

Discussion

The efficiency of protoplast isolation and
culture depends on many factors, such as the
enzyme mixture, the presence of growth regulator
and the length of time after subculture (Assani
et al., 2001). Protoplast release with the enzyme
mixture (2% cellulase Onozuka R10, 2% mace-
rozyme R10 and 0.5% pectinase) occurred within
10 h.  Pectinase was required to increase proto-

plast yield. The optimum combination of plant
growth regulators for cell division initiation was
1.0 mg/l 2,4-D and 0.5 mg/l BA on N

6
 medium.

This  result  indicated  that  combination  of  BA
and 2,4-D in high concentration inhibited proto-
plast division. This result was consistent with
earlier findings that the combined optimal auxin
and  cytokinin  were  relatively  effective  for  cell
division  in  petal  protoplast  of  Petunia  hybrida
(Oh and Kim, 1994), and in cell suspension proto-
plast of Allium cepa (Karim and Adachi, 1997).
Another important factor for protoplast culture
is the culture system. In these experiments pro-
toplasts were cultured either in liquid and solid
N

6 
medium comprising 1×105 and 2×105 proto-

plasts/ml.  Division of protoplasts obtained in
liquid N

6 
medium at optimal density was 1×105

protoplasts/ml. The density of protoplasts influ-
enced the initiation of cell divisions, as has been
reported in oat by Hahne et al. (1990). The sus-
pension-derived  protoplasts  of  vetiver  did  not
divide in Gelrite. In contrast to published data
(Kisaka et al., 1998) the same gelrite was suc-
cessfully used for protoplast culture. There were
some reports that agarose and phytagel have been
used to improve protoplast culture in Medicago
sp. and Garcinia atroviridis Griff., respectively
(Gilmour et al., 1987; Te-chato, 1997).

To the author’s knowledge the isolation and
culture protoplasts of vetiver have been reported
here for the first time. The regeneration of proto-
plast of vetiver should be further investigated.
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