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Abstract

Phragmites australis (reed) has received much attention
as being one of the principle emergent aquatic plants for
treating industial and civil wastewater. Plant rege-
neration via plant tissue culture in P. australis was
investigated. Three types of callus were identified from
seeds on N6 medium plus 4.5 uM 2,4-dichlorophe-
noxyacetic acid (2,4-D). Yellow compact type showed the
best redifferentiation, whereas white compact type and
yellow friable were not competent to differentiate into
plants. Solid medium culture was better than liquid
suspension culture for enhancing callus growth when N6
medium supplemented with 4.5 yM 2,4-D was used.
Phytagel, as a gelling agent, was superior to agar in
plant regeneration on N6 medium, supplemented with 9.4
uM kinetin and 0.54 uM a-naphthaleneacetic acid
(NAA). Transfer of the plantlets regenerated from kinetin
and NAA-supplemented N6 medium to growth regulator-
free MS medium enhanced the further development of
the plantlets. Plantlets were subsequently grown to ma-
turity when transferred to potting soil. The regenerated
plants exhibited morphologically nommal. The system for
plant regeneration of P. australis enables to propagate
elite lines on a large scale for water purfication in the
ecosystem
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Introduction

With the recent occurring of the seriousness of environ-
mental pollution, natural purification method using aquatic
plants is gaining power as a method for purifying waters
that are heavily polluted. There have been many studies
conducted on aquatic vascular plants that have water
purification characteristics (Gersberg et al. 1986; Kenneth and
Biddlestone 1995; Negri and Hinchman 1996). The aquatic
vascular plants with water purification characteristics that
elongate the rhizome in the soil and develop the caulis and
leaves to be above the water surface removes the water con-
taminants by directly absorbing and accumulating the nutrient
salts, such as nitrogen and phosphorus, and non-
biodegradable materials such as heavy metals (Gray 1989;
Cooper and Boon 1987). Phragmites australis (Cav.) Trin. ex
Steud. belongs to the family Gramineae is one of the most
important and abundant species used in wastewater
purification along with Scirpus validus L., Typha angustifolia
L., and Zizania latifolia L. (Nichols 1983; Hammer 1996; Choi
2000). In the analysis of the growth rate after exposing a
number of aquatic vascular plants to various water poliution
sources, we have confirmed that not only the P. ausfralis
(reed) is more superior in the elongation and vegetative
growth compared to 7. angustifolia (cattail) and Z. latifolia
(wild rice), but also it absorbs and eliminates over 90% of
nitrogen and over 60% of phosphorus.

Aquatic macrophytes propagation via plant tissue culture
offers a promising alternative to produce large numbers of
plants in a short time throughout the year (Lauzer et al.
2000; Wang et al. 2004). The inclusion of a callus stage
during plant regeneration process provides the opportunity
for the accumulation of more diversity through somaclonal
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variation (Larkin and Scowcroft 1981). Plant regeneration via
tissue culture in P. australis was first described by Sangwan
and Gorenflot (1975), using a stem explant. However, re-
generation by organogenesis was sporadic and the authors
reported that they found no evidence for somatic embryo-
genesis. Straub et al. (1988) induced callus from seedling,
there was no discussion as to whether or not regenerated
plants were derived from somatic embryos. Although plant
regeneration from stem or immature inflorescence explant-
derived callus cultures of P. australish as already been
reported (Lauzer et al. 2000; Mathe et al. 2000; Yang et al.
2003), regeneration and massive propagation through somatic
embryogenesis from seed callus has not been reported so
far. Here we describe the induction of embryogenic callus
derived from seed, and establishment of somatic embryo-
genesis and plant regeneration systems. Accordingly, as
part of a natural purification method using plants, we plan to
put P. australis that is excellent in removing the water
contaminants into practical use in areas where the water is
polluted through massive propagation using the tissue
culture method.

Materials and Methods

Plant materials

Mature seeds of Phragmites australis (Cav.) Trin. ex
Steud. were collected at Nanji Island (E 126°52'49", N
37° 34 56", Seoul, Korea) in 2002. The seeds were
surface-sterilized in 2.5% (w/v) sodium hypochlorite solution
containing 0.1% (v/iv) Tween 20 for 15 min and followed by
rinsing three times in sterile distilled water.

Embryogenic callus induction

For callus induction, the seeds were cultured on N6 basal
medium (pH 5.8) supplemented with 30 g/L sucrose, 4.5 uM
2,4-D and 2 g/L Phytagel (Lee et al. 1999; Park et al.
2003). The frequency of callus formation on seeds was
determined after 30 days of culture. The level of callus pro-
liferation on a solid and in liquid medium was compared
after measuring the weight of the callus. In order to inves-
tigate the effect the solidifying materials of medium, 8 g/L
agar(Sigma Co.) and 2 g/L Phytagel(Sigma Co.) were
added to the basal medium and cultivated for approximately
60 days. All data were analyzed using analysis of variance
(ANOVA) and means of significant data were separated with
Duncan's multiple range test (Duncan 1955) using SAS
program (Ver. 6.12, SAS Institute).

Induction of somatic embryo and plant
regeneration

For the differentiation of the somatic embryos, the N6
basal medium that included 30 g/L sucrose, 9.4 uM kinetin
and 0.54 yM NAA was used. The number of plantlets,
length and number of new vagina and roots, and fresh
weight were analyzed and compared. The plantlets were
transferred into the soil after being cultivated for 4 weeks in
basal medium that had not been treated with growth re-
gulators after adding 50 g/L sucrose and 2 g/L Phytagel to
MS culture medium. Cultures maintained in the dark were
used when inducing the callus from the seeds of P. australis.
The light conditions for cultures were set at 24 pmol s m?
(PAR) at 16 hr photoperiod. The temperature of the culti-
vating room was about 26°C ind the R.H. of the culture
room was maintained at about 60%.

Results and Discussion

Selection of plant materials

Since wild reed plants propagate mainly by spreading
rhizomes, it is very hard to meet the need of large amount
of reed plants for wastewater purification. So the massive
propagation through tissue culture could be a good solution
(Wang et al. 2001; Lauzer et al. 2000; Yang et al. 2003).
Furthermore it is important to select the superior populations
or individuals for improving the efficiency of wastewaster
treatment. Phragmites australis population used in this
study, was selected by test for germination and its capability
for absorbing and eliminating the contaminant of other water
pollution sources among the land fill sites, the inland
wetland, the mine dumps, and the salty wetland (data not
shown).

Callus induction

In order to induce the callus from the seed of P. australis,
N6 basal medium that was added with 4.5 uM 2,4-D was
used. Callus induction was observed after 4 weeks of
culture. Calluses that formed on the seeds appeared slime
even after several subcultures at 4 week intervals. Three
types of calluses were identified: (A) yellow, solid callus, (B)
white, solid callus, and (C) yellow, friable callus. The fre-
quency of yellow, solid callus formation was 49.3% and the
frequencies of white, solid callus formation and yellow,
friable callus formation were 40% and 10.7%, respectively.
These three types of calluses were transferred to differen-
tiation medium and their fate was observed. There are
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Table 1. Effect of methods of culture on the callus growth in
Phragmites australis after 4 weeks of culture

Fresh weight

Methods of culture Callus color®
(mg/plant)
Solid culture® 134 8A° Y
Liguid suspension 55.48 VB

culture

® N6 basal medium containing 30 g/L sucrose and 4.5 uM 2,4-D
was used.

Y, yellow; B, brown

¢ Mean separation within columns by Duncan’s multiple range
test, at 5% level.

various reports that the rate of plant regeneration is related
to the callus type. Lee et al. (1999) reported that the plant
regeneration occurred relatively highly from white, solid
callus than other types of calluses. Likewise, Cho et al.
(2003) reported that yellow, friable callus gave rise to higher
frequency of plant regeneration. As for P. australis, the
yellow, solid callus exhibited the highest frequency of plant
regeneration in this study. Other types of calluses did not
seem competent to regenerate plants. Expecially, friable
calluses contained larger, highly vacuolated cells and
seemed to be equivalent to typical non-embryogenic callus
described in the study of Gramineae (Vasil and Vasil 1984;
Straub et al. 1988).

As for lilies, there is a report on reducing the period for
subculture of callus by half through liquid suspension culture
(Park et al. 1997). As a result of conducting liquid sus-
pension culture in order to find out the difference of culture
methods on the callus formation of P. australis, under
similar conditions, solid culture was better for the fresh
weight increase of callus than the liquid suspension culture
(Table 1). Although several groups have reported the large-
scale propagation of callus through the suspension cultures
in P. australis, the liquid culture system sometimes leads to
problems, such as abnormal embryos and hyperhydricity
(Yang et al. 2003).

Somatic embryogenesis and plant regeneration

The solid culture that was made by adding 30 gi/L
sucrose, 9.4 uM kinetin and 0.54 uM NAA to the N6 basal

Figure 1. Callus formation and plant regeneration in Phragmites
australis. (A) Seed; (B-C) callus induced from seed on N6 basal
medium with 4.5 uM 2,4-D (B: after 4 weeks in culture, C: after
8 weeks in culture); (D-F) Plantlet development from embryogenic
callus cultured on N6 medium with 0.54 uM NAA and 9.4 uM

kinetin. Bar=1 mm.

medium appeared adequate for plant regeneration from the
callus (Figure 1). The development of somatic embryos de-
pends on the concentration of auxin. Relatively low auxin
concentration is helpful for the differentiation of somatic
embryos (Straub et al. 1988). When the embryogenic cal-
luses were cultured on N6 medium supplemented with 4.5 1
M 2,4-D, they proliferated. When callus was transferred to
the medium with relatively low auxin (NAA, 0.54 uM),
somatic embryos underwent development.

The number of plantlets differentiated from the callus did
not show any significant difference between the different
kinds of gelling agents. However, the overall growth and
fresh weight was higher in Phytagel than in agar (Sigma
Co.) (Table 2). The selection of gelling agent for specific
plants is often empirical. One major consideration is the
degree of hyperhydricity induced by the different gelling
agent. Also, for unknown reasons, some species grow more
vigorously on one gelling agent than on another. Apple
shoots became hyperhydric on Phytagel whereas walnut
shoots grew best on Phytagel and poorly on agar (Pas-
qualetto et al. 1986; McGranahan et al. 1988).

Regenerated plantlets of P. australis were cultured further
for about 4 weeks on growth regulator-free MS basal me-

Table 2. Effect of gelling agents on plant regeneration from the callus of Phragmites australis after 4 weeks of culture

Gelling agent No. of plantlets Shoot length No. of shoot Root length No. of root Total fresh weight
(g/L) {mm) {mm) (mg)
Agar (8) 10.8A° 26B 33B 0.3B 1.0B 9.2B
Phytagel (2) 11.0A 8.6A 5.5A 4.0A 3.0A 41.5A

® N6 basal medium containing 30g/L sucrose, 0.54 uM NAA and 9.4 uM Kinetin was used.
® Mean separation within columns by Duncan's multiple range test, at 5% level.
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Figure 2. Propagation of large numbers of regenerated plants in
Phragmites australis (A) Regenerated plants; (B) Transplanted to
potting soil; (C) Flowering in transplanted plants.

dium with 50 g/L sucrose. Afterwards, they were transplanted
into potting soil. It flowered 9 months after transplanting into
the soil (Figure 2). All the plants appeared to be pheno-
typically normal, and no somaclonal variation was found.

Somatic embryogenesis has been studied extensively in
numerous herbaceous species including the family Gra-
mineae (Krishnaraj and Vasil 1995; Vasil 1987). Somatic em-
bryogenesis of Gramineae is usually induced from tissues
and organs which contain meristematic and undifferentiated
cells such as immature embryos and young inflorescences,
and leaves are used as an explant (Ozias-Akins and Vasil
1982; Lauzer et al. 2000). In this study, regeneration through
somatic embryogenesis of P. australis was observed using
mature seeds in vitro. Our results are similar to those
Lauzer et al. (2000) who showed the presence of bipolar
development with a clear root and shoot meristem. Thus,
our results confirm the conclusions of Lauzer et al. (2000)
that regeneration proceeded through somatic embryogenesis
and not by organogenesis.

In order to restore the environment-friendly ecosystem,
the need for selecting aquatic vascular plants that can grow
well in polluted water environments is increasing (Gray
1989; Hammer 1996; Nichols 1983). As can be seen
through this study, somatic embryogenesis induced from the
seed of P. australis showed that the totipotency of the plant
cell was maintained during the development process (Figure 1).
Such differentiation totipotency of the somatic cell could be
used as a method for massive propagation through in vitro
culture of individuals with the same genetic characteristics,
when elite lines of P. australis are selected for wastewater
purification.
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