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ABSTRACT /n vitro shoot regeneration and multiple shoot induction has been obtained from the stolon node
explants in Eremochloa ophiuroides (Munro) Hack. The highest number of shoots (10.66 + 0.21) was observed
from initial explants after one month culture duration on Murashige and Skoog (MS) medium containing
6-benzyladenine (BA: 0.5 mg/l). First generation shoot was excised and sub-cultured on the same fresh media
for further multiplication of shoots. An enhanced number of second round shoots (15.33 = 0.21) was obtained
compared to the initial culture media containing BA (0.5 mg/l). The number of shoots/stolon node was higher
among all the concentrations of BA than kinetin (KN). /n vitro regenerated shoots were successfully rooted in the
phytohormone free MS medium. Plantlets generated with roots were transferred to pots containing compound
mixture of soil and kept in green house conditions. Acclimatized plants showed 100% survival rate with normal
morphology in green house conditions. The present study demonstrates the effect of explant and different plant
growth regulators towards /n vitro response in E. ophiuroides. Moreover, the study reveals the effect of cytokinin
on induction of shoot number per stolon node explant in E. gphiuroides.

Introduction

Eremochloa ophiuroides (Munro) Hack, is commonly
known as centipedegrass, and belongs to the family Poaceae.
Centipedegrass is a warm season creeping perennial and
one of the most popular turf grass around the world (Islam
and Hirata 2005a). Centipedegrass is widely distributed in
South-east Asia, USA, South America, Europe, West
Indies, Africa and North and East part of Australia (Hook
et al. 1992; Duble 1996). Centipedegrass is light green in
color, with leafy stolons and compressed sheath, which lie
flat against or on the soil surface and resemble centipede
(Islam and Hirata 2005b, Bao and Hirata 2006). The

stolons of centipedegrass are slender and branching with
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internodes of 10-35 mm and holds roots on them. The grass
forms a relatively short and highly dense sword with
rapidly spreading stolons (Islam et al. 2004a, b). It has been
reported that centipedegrass is dormant during winter and
rejuvens growth slowly in spring and expands rapidly in
summer (Cai et al. 2004).

Centipedegrass is more feasible to use in lawns, parks
and golf course turfs. It has been reported that, this grass
is convenient to use on the road sides, industrial and other
low maintenance areas (McCarty 1995, Landry and Murphy
2002, Islam and Hirata 2005a). Due to its rapidly growing
leafy stolon and high dense forming sward, this grass is
convenient to use in soil conservation, particularly in high
rainfall and sloping areas (Islam and Hirata 2005a). In
recent times in Japan, this grass is used as ground cover in

rice fields to inhibit weeds (Fuke et al. 2006). Besides the
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above uses, the leaf of this grass contains important
compounds such as chlorogenic acid (CA), luteolin and
maysin (Wiseman et al. 1990). Among these compounds,
maysin is very effective against fall army worm larvae.
Maysin is an unusual luteolin glycoside that possesses a
unique keto-sugar (Gueldner et al. 1991). It has been
demonstrated that CA and maysin are the major factors
responsible for the antibiotic resistance of centipedegrass to
larvae of the fall armyworm (Johnson et al. 2002).

Being one of the popular turfgrass with variety of uses,
it lacks a suitable in vitro direct plant regeneration protocol.
There was only one report available on plant regeneration
via callus phase in centipedegrass (Krans and Blanche 1985).
However, to our knowledge there are no reports on direct
plant regeneration from stolon node explant in centipede-
grass. Development of in vitro plant regeneration protocols
is a pre-requisite for genetic transformation studies. It has
been suggested by Wang and Ge (2006), that stolon node
transformation is highly applicable and more advantageous
than callus phase. Moreover, the generation of transformants
from the same genotype obtained through stolon node trans-
formation excludes possible genotypic effects in the rege-
nerants. In the recent times, transformation procedures using
stolon nodes were developed in bermudagrass, creeping
bentgrass and zoysiagrass (Wang and Ge 2005, Ge et al.
2006). To best of our knowledge, there is no report available
on direct plant regeneration from stolon node and also on
information regarding the effect of various plant growth
regulators as culture media supplements in centipedegrass
tissue culture. Therefore, in the present study, we have
attempted to evaluate the in vitro response of explant to
different cytokinins and direct regeneration from the stolon

node explants in centipedegrass.

Materials and Methods

Plant Material

The plant materials such as stolon nodes were collected
from centipedegrass plants growing in green house condition
at Advanced Radiation Technology Institute (ARTI), KAER],

Korea.

Multiple Shoot Induction and Plant Regeneration

Plant sample was processed by removing excess leaves
and cut into size of 3-4 cm with node and subjected to the
sterilization process. Explants were washed with 0.5% (v/v)
soap solution (LG Household & Health Care, Korea) for 5
min and kept under tap water for 1h. Surface sterilization of
explants was carried out in laminar flow with 0.1% (w/v)
carbendazim (Sigma-Aldrich, USA) for 10 min, followed by
6-8 washes with sterile distilled water. Explants were further
surface sterilized with 0.1% (w/v) mercuric chloride (Sigma-
Aldrich, USA) for 2 min and rinsed with sterile distilled
water for 6-8 times.

Explants were trimmed at both ends with sterile scalpel
and placed horizontally on hormone free MS (Murashige and
Skoog 1962) media containing 2% (w/v) phytagel and 3%
(w/v) sucrose and media supplemented with various con-
centrations of 6-benzyladenine (BA: 0.5, 1.0, 2.0 and 4.0
mg/l), Kinetin (KN: 0.5, 1.0, 2.0 and 4.0 mg/l) and combi-
nation of both BA + KN (0.5 + 0.5, 1.0 + 1.0 mg/l). The pH
of the media was adjusted to 5.8. All the media were
autoclaved at 1.06 kgcm'2 pressure for 15 min. All the
cultures were incubated in growth room at temperature of 24
+ 2°C, 16 h photoperiod and irradiance 70 pmol m’s’.

A single first generation shoot was excised and sub-
cultured in the same respective media combinations for
second round of shoots. /n vitro regenerated shoots of length
7-8 ¢cm were excised and grown in hormone free MS media
for rooting. Shoots with well developed roots were washed
with tap water to free from agar and transferred to pots
containing soil mixture (peat moss + vermiculite + perlite
1:1:1). Acclimatization of rooted plants was carried out in

green house conditions at 24 £ 2°C, relative humidity 90%.

Statistical Analysis

Six explants were used for each treatment, and each treat-
ment was repeated for a minimum three times with similar
culture parameters. Observation such as the number of shoots
per explant was recorded after one month of culture. The
data were subjected to one way ANOVA and LSD multiple

comparison test was performed using SPSS statistical package
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(version 11.0). Values are expressed as mean + S.E. P value

< 0.01 was considered significant.

Results

Shoot Regeneration, Multiplication and Rooting

A gradual increase and clongation of the shoot from the
stolon node was observed in explants after 2-3 days of
inoculation invariably among all the combinations evaluated
(Figure 1A). Further, after 8-10 days of culture, initiation of
new shoots was observed adjacent to the initial shoot from

nodal end on media supplemented with various concentrations

Figure 1. Plant regeneration and multiple shoot induction from
stolon node explants of Eremochloa ophiuroides. (A) Stolon
node explant of size 3-4 cm, cultured on MS + BA (0.5 mg/l)
for multiple shoot induction; (B) Elongation of the stolon explant
with new shoots after 10 days of culture response; (C) Further
growth of the shoots after 2 weeks of culture response; (D)
Multiple shoots induction after 4 weeks of culture from stolon
node explant; (E) Induction of new shoots adjacent to the in
vitro grown first generation shoot after 2 weeks of culture; (F)
The highest number of second round multiple shoots (15.33 £
0.21) was obtained after 4 weeks of culture on MS + BA (0.5
mg/); (G) Rooting of the shoot in hormone free MS media;
(H) Acclimatized plants growing in green house conditions.

of BA or KN (Table 1, Figure 1B). However, it took a
minimum of 15-16 days for the formation of new shoots
from explants inoculated on hormone free MS media. A
varied response in terms of shoot regeneration from stolon
node explant was observed among various concentrations of
cytokinins tested (Table 1). The highest number of shoots
(10.66 + 0.21) was obtained on media supplemented with
0.5 mg/l BA (Table 1, Figure 1C, D). A number of shoots
formed were found significant among various concentrations
of BA, when compared to other media combinations. Media
containing 0.5 mg/l KN showed the highest number of
shoots (4.66 + 0.21) from initial culture when compared to
other concentrations of KN. However, the shoots formed
were not much significant among various concentrations of
KN evaluated (Table 1).

Among two different cytokinins, BA was found to be
better than KN, with respective to the various concentrations
tested (Table 1). There was a decline in the shoot number
per explant with increase in hormonal concentration of both
cytokinins i.e. BA and KN. There was a varied response
observed in terms of length of the shoots among the different
hormonal combinations tested (data not shown). The length
of the shoots formed was higher on hormone free MS media

compared to the media with hormones. Media containing

Table 1. Effect of different cytokinins on shoot induction from
stolon node explants in Eremochloa ophiurodes

Plant growth regulators No. of shoots / explant

Media after one month of
BA (mg/l) KN (mg/l)  culture Mean + S.E
MS - - 483 + 0.16
MS 0.5 - 10.66 + 0.21**
MS 1.0 - 7.83 £ 0.40™*
MS 20 - 733 &£ 0.29%
MS 4.0 - 6.33 t 0.51*
MS - 0.5 466 + 0.21™
MS - 1.0 450 + 0.22"
MS - 2.0 416 £ 0.16™
MS - 4.0 3.33 + 0.21*
MS 0.5 0.5 422 + 0.16™
MS 1.0 1.0 283 + 0.21*

MS: Murashige and Skoog, BA: 6-benzyladenine, KN: Kinetin
Values expressed are Mean t S.E for six replicates. *** P < 0.01
was considered significant. ns- Not significant as compared with
MS.
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combination of two hormones i.e. BA and KN didn’t show
any improvement in terms of shoot number per explant
(Table 1). Moreover, the length of the shoots formed was
less and stunted (data not shown).

First generation shoots were excised and inoculated in the
same respective media combinations for second round of
shoots. A new shoot initiation was observed adjacent to the
inoculated shoot within 6-8 days of culture, irrespective of
various media combinations tested. However, the number of
shoots formed was varied among different media combination
evaluated (Table 2). The highest number of second genera-
tion shoots ie., (15.33 + 0.21) was observed on media
containing BA (0.5 mg/l) (Table 2, Figure 1E, F). The
number of shoots formed was comparatively higher than first
generation shoots on media containing BA (0.5 mg/l) (Table
2). Among various concentrations tested with BA, the num-
ber of shoots formed was found comparatively higher than
KN. However, there was an increase in shoot number among
all the concentrations of KN compared to its initial culture
(Table 2).

The initiation of roots from shoot was observed within 10
days on hormone free MS media. Morphology of the roots
was long, slender with lateral roots (Figure 1G). Alterna-

tively, rooting experiment was carried out with different

Table 2. Effect of different cytokinins on second generation of
shoots from in vitro grown shoot of Eremochloa ophiurodes

Plant growth regulators ~ No. of shoots / explant

Media after one month of
BA (mg/l) KN (mg/l)  culture Mean £ S.E
MS - - 466 + 0.33
MS 0.5 - 15.33 + 0.21 ***
MS 1.0 - 9.66 £ 0.21 ***
MS 2.0 - 9.50 + 0.22 **
MS 4.0 - 7.83 + 0.30 **
MS - 0.5 6.56 + 0.21***
MS - 1.0 6.33 + 0.22 **
MS - 2.0 6.16 + 0.34 **
MS - 4.0 416 + 021™
MS 0.5 0.5 716 t 0.16**
MS 1.0 1.0 522 £ 0.40™

MS: Murashige and Skoog, BA: 6-benzyladenine, KN: Kinetin
Values expressed are Mean £ S.E for six replicates. *** P < 0.01
was considered significant. ns- Not significant as compared with
MS.

auxins such as indole-3-acetic acid (IAA), indole-3-butyric
acid (IBA). However, there was a varied response observed
among various hormone concentrations in terms of the
average number of roots per shoot and percentage of rooting
(data not shown). After one month of culture, the shoots
with well developed roots were washed with tap water to
remove bounded agar around the roots and transferred to
pots containing soil. The survival percentage of the plantlets
as recorded after 4 weeks of transfer to soil was 100%
(Figure 1H).

Discussion

In the present study, it was clear that lower concentration
of cytokinins (BA and KN) were found favourable in terms
of higher multiple shoot induction per explant. The results
also revealed that inclusion of low level BA showed higher
number of shoots (10.66 £ 0.21 and 15.33 + 0.21) than
media with higher concentration. In one of the report, lower
concentration of BA was found to be significant in plant
regeneration in augustine grass (Li et al. 2006). It has also
been reported that BA was found effective for direct plant
regeneration from stem explants in Kentucky bluegrass (Hu
et al. 2006; Colomba et al. 2006). In contrast, KN was found
better than BA in terms of initiation of shoot from stolon
node in zoysiagrass (Ge et al. 2006). Although the stolon
node inoculated on hormone free MS medium resulted in
shoot formation, the initiation of shoot took longer duration
when compared to the media with hormone. The number of
shoots formed was also very low when compared to the
media containing 0.5 mg/l BA (Table 1 and 2). This clearly
indicates the supplement of cytokinin not only enhanced
shoot number, but also resulted in faster shoot initiation
from stolon node on hormone containing media than MS
basal medium. During establishment of cultures, root initia-
tion was observed from the nodal part of the stolon among
all the combinations evaluated. This is one of the morpholo-
gical characters of the centipedegrass observed under in vivo
conditions (Islam and Hirata 2005a).

In the present study, the shoots formed from the explants
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represent the response capacity of the explant to the hormone
concentrations and the number of shoots per explant repre-
sents the capacity of the explants to produce shoots. The
supplement of exogenous plant growth regulators proba-
bly depends on the specific endogenous hormone levels
(Bhaskaran and Smith 1990). Media supplemented with two
cytokinins were found significant in second round of
multiple shoots than the initial culture. Although there was
increase in the shoot number compared to its initial culture
the length of shoots formed were short, stunted and thin.
Decline in the shoot number with increase in the hormonal
concentration reveals that there was a hormonal imbalance
between the exogenous and endogenous levels and inhibit
the growth of shoots per explant. Overall, BA was found to
be the best cytokinin in terms of high shoot induction from
initial and first generation shoot explant. The rooted plants
were healthy, green and 100% rooting was observed among
all the replicates. Similarly, in one of the report the rege-
nerated plants were rooted in hormone free media in bermu-
dagrass (Jain et al. 2005). All the plants were found healthy,
green and showed normal morphology characteristics in
green house conditions.

In conclusion, as there is less literature about in vitro and
no literature about direct regeneration in centipedegrass, the
present work may provide valuable information to develop
an efficient plant regeneration protocol in centipedegrass.
The in vitro regenerants obtained in the present protocol may
serve as a good source for protoplast for genetic impro-
vement in centipedegrass. Application of stolon node rege-
neration system for direct transformation reduces possible
genotypic effects in the regenerants than obtained through
callus phase. Moreover, the stolon node transformation system
will be more advantageous, effective and much applicable to

centipedegrass.
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