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Abstract This study was conducted to refine a
micropropagation method of water hyacinth (Eichhornia
crassipes) in vitro. When young shoots were cultured on
media with various concentrations of BA or TDZ alone,
LS medium containing 5.0 mgl"' BA was found favorable
for shoot proliferation from young shoots with a mean of
4.2 shoots. Using BA together with IAA, more shoots
were obtained on LS medium containing 5.0 mgl" BA and
1.0 mgl™ TAA with a mean of 5.7 shoots. In liquid medium,
number of shoots and fresh weight per explant increased
significantly. The best shoot proliferation and increasing
of fresh weight were achieved on LS liquid medium
containing 5.0 mgl”" BA and 1.0 mgl"' IAA with 6.9 shoots
and more than 4,000 mg fresh weight. Of the different
concentrations of LS salt, double strength of LS medium
provided the highest shoot proliferation with 7.3 shoots,
and fresh weight with 5,539 mg per explant. Shoot prolife-
ration on LS medium containing 50 gl'l sucrose had better
results with 8.7 shoots and 5,979 mg per explant in fresh
weight than other conditions. In conclusion, the optimal
level for shoot proliferation and biomass increase of
water hyacinth was attained with the application of the
double strength of LS medium containing 5.0 mgl” BA,
1.0 mgl" TAA and 50 gl sucrose.
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Introduction

Water hyacinth is native to Brazil of South America, and
is regarded as an invasive weed plants because of its
vigorous ability of propagation by stolon and seeds. It is
also known as the most representative and a fast-growing
aquatic macrophyte for water purification, and has been
used to remove heavy metals in contaminated water
(Mishima et al. 2006; Wu et al. 2008). Nutrient removal
from wastewater has become an important issue due to
the problems of eutrophication in many areas of the world.
The removal of nutrients from contaminated water by
conventional sewage treatment plants is not an economical
solution. A promising, cost-effective and environmentally
acceptable solution is phytoremediation, which applies
aquatic macrophytes for water purification (Mishima et
al. 2006). The ability of aquatic macrophytes to uptake
nutrients directly from contaminated water and to
assimilate them into their body with their growth
(Reddy and DeBusk 1985) is the greatest benefit of
phytoremediation. Additionally, other abilities such as
assimilation of heavy metals (Keskinkan et al. 2003), and
removal and degradation of persistent organic pollutants
from contaminated water (Roy and Hanninen 1994) make
aquatic macrophyte purification systems more attractive.
Recently, the biomass composition of water hyacinth
was identified with low lignin and high cellulose, and
can also be a potential feedstock for biofuel production
(Bhattacharya et al. 2010). Moreover, water hyacinth
can be considered as ornamental plant since it provides
beautiful blue to lilac colored flowers. With the increasing
popularity of indoor gardening in Korea, water hyacinth
is sold in many ornamental plant shops for its attractive
and unusual architecture. In spite of much demand in
spring, the supply cannot meet demand because it hardly
survives during winter (below 12 C) (Gao and Li 2006).

Because of this limitation, the cultivation and propag-
ation of water hyacinth during winter are done in special
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environmental conditions like greenhouse or culture room.
Therefore, a method of micropropagation by in vitro
culture is required to rapidly propagate water hyacinth
to provide enough supply in spring. This study was
conducted to establish the micropropagation protocol in
vitro of water hyacinth.

Materials and methods

Plant material and surface sterilization

Water hyacinth (E. crassipes) was purchased from
commercial seed company (Dalimseed, Korea) and
planted in sterilized soil. When leaves opened, stolons
was removed and sterilized with 70% ethyl alcohol
for 30 sec and 1.0% sodium hypochlorite (NaOCl) for
15 min. After three times of rinsing with sterile distilled
water, the explants were inoculated on LS culture
medium (Linsmaire and Skoog 1965) containing 3.0
mgl'1 BA and 0.5 mg I' 1AA.

Media preparation and shoot proliferation

Shoots (five per culture vessel) were inoculated in 400
mL of glass bottles (Samgkwang, Korea) containing
80 mL LS medium. It was supplemented by either benzyl
adenine (BA; 0.5, 1.0, 2.0, 3.0, 5.0 mgl']) or thidiazuron
(TDZ; 0.05, 0.1, 0.2, 0.3, 0.5 mgl']) for faster shoot
multiplication. BA (2.0, 3.0, 5.0 mgl") was added in LS
medium in combination with IAA (0.1, 0.5, 1.0 mgl'l) to
increase shoot production. Plant agar (8 gl‘l, Duchefa,
The Netherlands), gelrite (2 g, Duchefa, The Netherlands)

and liquid culture were used as medium to compare
plant response by gelling substrates. The experiments
on concentrations of LS salt (1/2, 1, 2x) and sucrose
(30, 50, 70, 90 gl'") were also conducted to select the
suitable concentration for shoot proliferation. The pH
was adjusted at 5.8 before the culture media were
autoclaved at 121°C for 15 min.

Culture conditions and data analysis

Every experimental set-up has four replications in four
bottles with five explants per bottle. All cultures were
incubated in a growth room maintained at 25 = 2°C.
The cultures were illuminated at 40 unqol.m'2.s'1 PPFD
(Photosynthetic Photon Flux Density; fluorescent lamps)
and 16 h.d’ photoperiod. Data were recorded after 4
weeks in culture on shoot proliferation. The statistical
analysis comparing the various treatments in all
experiments was performed using Duncan’s multiple
range test (DMRT; Duncan 1955).

Results and discussion

Young shoots were cultured on LS media supplemented
with various concentrations of BA or TDZ. Shoot
proliferation was very favorable on LS media containing
5.0 mgl" BA or 0.01~ 0.2 mgl" TDZ with more than
3.9 shoots. Shoot, root length, and number of roots were
very low in some treatments compared to other treatments.
However, fresh weight per explant was high on LS
media containing 2.0~5.0 mgl"' BA. Considering the
number of shoots and fresh weight, LS medium containing

Table 1 Effects of BA and TDZ" on shoot proliferation and growth from shoots of water hyacinth after 4 weeks in culture

Cytokinin No. of shoots Shoot length No. of roots Root length FW (mg)
(mgl'l) /explant (cm) /explant (cm) /explant
Control 1.0 & 6.1 a 203 a 9.1 a 3,120 a
BA 0.5 1.6 ce 41D 157 b 47 b 2,177 ab

1.0 2.1 cd 32 ¢ 10.9 ¢ 3.9 be 1,903 b
2.0 2.7 bed 2.5 cd 7.7 cd 2.6 cd 2,323 ab
3.0 3.1 abc 2.6 cd 7.5 cd 2.8 cd 2,380 ab
5.0 42 a 24 d 49 d 1.6 de 2,157 ab
TDZ 0.01 42 a 2.0 d 51d 1.4 de 1,975 b
0.1 40 a 23d 59d 1.5 de 2,023 b
0.2 39 a 19d 6.3 cd 12 ¢ 1,940 b
0.5 3.7 ab 22d 9.5 cd 1.4 de 1,948 b
* thidiazuron

¥ Duncan’s multiple range test (P<0.05)
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Table 2 Combined effects of BA and IAA on shoot proliferation and growth from shoots of water hyacinth after 4 weeks in culture

Cytokinin No. of shoots Shoot length No. of roots Root length FW (mg)
(mgl']) /explant (cm) /explant (cm) /explant
Control 1.1 ¢ 52 a 19.5 a 6.7 a 3,366 ab

BA 2.0 + IAA 0.1 2.2 de 3.2 be 17.3 ab 4.5 be 2,719 b
0.5 24 d 3.3 be 15.5 ab 3.6 cd 2,765 b
1.0 2.1 de 35b 18.7 a 50b 2,898 b
BA 3.0 + IAA 0.1 4.1 be 28 ¢ 13.7 be 3.3 cde 2,157 ab
0.5 3.7 bc 2.7 ¢ 10.5 cd 20 ¢ 3,196 ab
1.0 32 cd 2.9 be 11.6 cd 3.0 de 3,539 ab
BA 5.0 + IAA 0.1 4.0 be 3.1 bc 8.6 d 2.8 de 2,839 b
0.5 4.7 ab 3.0 be 84 d 2.7 de 3,071 ab
1.0 57 a 2.8 ¢ 7.6 d 2.0 e 3,862 a

“Duncan’s multiple range test (P=<0.05)

Table 3 Effects of gelling substances in medium” on shoot proliferation and growth of water hyacinth after 4 weeks in culture

Gelling No. of shoots Shoot length No. of roots Root length FW (mg)
substance /explant (cm) /explant (cm) /explant
Plagntgf}%’ar 42 27 a 103 a 26 a 2,208 b

Gelite 44 b 26a 7.1 ab 1.1b 2,440 b

2 gl

Liquid 6.9 a 27a 53b 0.6 b 4,039 a

culture

“LS medium containing 5.0 rngl'l BA, 1.0 mgl'] IAA and 30
¥ Duncan’s multiple range test (P=<0.05)

50 mgl" BA was suitable for shoot proliferation from
young shoots (Table 1). The shoot proliferation
responses were significantly influenced by the type
and concentrations of cytokinin. BA as cytokinins is
used widely for multiplication of many ornamental plants
because of its high activity for shoot proliferation
(Takayama and Misawa 1982; Dewir et al. 2006). In the
present study, not only BA but also low concentrations
of TDZ were effective for shoot proliferation. TDZ, a
synthetic cytokinin was used effectively in the induction
of organogenesis (Casanova et al. 2004) and embryogenesis
(Visser et al. 1992). Recently, TDZ is used universally
even in micropropagation of ornamental plants (Escobar et
al. 2008; Jo et al. 2008). To stimulate shoot proliferation
more, BA, combined with IAA, was supplemented in the
medium. More shoot proliferation response was obtained
on LS medium containing 3.0 mgl' BA and 0.1~0.5
mgl”' TAA, and 5.0 mgl' BA and 0.5~1.0 mgl" IAA.
Fresh weight per explant increased significantly on LS
medium with 5.0 mgl" BA and 0.5~1.0 mgl” IAA. The
best shoot proliferation was achieved on LS medium

gl

Sucrose

containing 5.0 mgl’1 BA and 1.0 mgl’1 IAA (Table 2).
Combined effect of cytokinin and auxin for shoot
proliferation depends on species. Generally, addition of
cytokinin and auxin together enhanced shoot multiplication
in many species (Kusey et al. 1980; Takayama and
Misawa 1982; Maesato et al. 1994), but not in some
species (Thao et al. 2003; Jo et al. 2008). This might be
due to the interaction of auxin with cytokinin during
morphogenic events as reported by Eklof et al. (1997)
and Sato and Mori (2001). Different gelling substrates
were used for shoot proliferation. When shoots were
cultured in liquid LS medium, number of shoots and
fresh weight per explant increased significantly. The best
shoot proliferation and fresh weight increase were
achieved on liquid LS medium containing 5.0 mgl”
BA and 1.0 mgl'1 IAA with 6.9 shoots and more than
4,000 mg in fresh weight (Table 3). This result can be
attributed to the characteristics of water hyacinth as
aquatic plant which favors in water (Zimmels et al.
2006; We et al. 2008). Increasing fresh weight would
mean increasing biomass. When water hyacinth will be
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Table 4 Effects of salt concentration on shoot proliferation and growth of water hyacinth after 4 weeks in culture”

Salt No. of shoots Shoot length No. of roots Root length FW (mg)
concentration /explant (cm) /explant (cm) /explant
2 x 73 a’ 25a 5.6 a 0.6 a 5,539 a

1 x 43 b 2.6 a 74 a 0.6 a 3244 b

172 x 46 b 20 b 55 a 05 a 2,782 b

“LS medium containing 5.0 mgl'1 BA, 1.0 mgl'1 IAA and 30 gl'1 sucrose

¥ Duncan’s multiple range test (P<0.05)

Table 5 Effects of sucrose concentration on shoot proliferation and growth of water hyacinth after 4 weeks in culture”

Sucrose No. of shoots Shoot length No. of roots Root length FW (mg)
(gl'l) /explant (cm) /explant (cm) /explant
30 520 33 a 37 a 09 a 2,995 b
50 8.7 a 2.6 ab 41 a 0.7 a 5,979 a
70 41 c 25b 47 a 0.8 a 2943 b
90 28 d 21b 38 a 0.8 a 2519 b

“LS medium containing 5.0 mgl'1 BA, 1.0 mgl'1 1AA
¥ Duncan’s multiple range test (P<0.05)

used as cost-effective phytoremediation or biofuel plant,
this culture condition will be very useful in providing
the required raw materials. Moreover, noteworthy results
were also observed in using plant agar which had almost
doubled the root number and length though the fresh
weight was just half. In addition, removal of nitrate,
soluble phosphorous (Reddy et al. 1982; Reddy et al.
1983), and heavy metals (Wu et al. 2008) is highly
related to the root system. For example, water hyacinth
can remove 81% of arsenic through its fibrous roots
(Quayum 2007). With in vitro propagation, suitable culture
conditions can be selected. Different concentrations of
LS medium salt (1/2, 1, 2x) and sucrose (30~90 gl'l)
were supplemented in the medium to stimulate shoot
proliferation. Of the different concentrations of LS salt
tested, addition of double strength of LS medium provided
the highest shoot proliferation with 7.3 shoots, and fresh
weight with 5,539 mg per explant (Table 4). While in
the experiment on sucrose concentration, the best shoot
proliferation was observed in LS medium containing
50 gl sucrose with 8.7 shoots and 5,979 mg per explant
in fresh weight (Table 5). The concentration of salt and
sucrose in culture medium depends on species, and culture
steps and methods. Generally 1/2 to full concentration of
salt were used and 30 gl'] sucrose was added to culture
medium for shoot proliferation (Faisal et al. 2006). In a
procedure for rooting of shoots, reduced concentration of
medium salt and sucrose were used (Khan et al. 1999;
Singh et al. 2008) However, in bulbous plants, high
concentration of culture medium salt and sucrose was
oftenly applied to produce more shoots and increase

Fg. 1 In vitro proliferated plantlet of water hyacinth (E. crassipes)
on double strength LS liquid medium containing 5.0 mgl”" BA,
1.0 mgl" TAA and 50 gl sucrose

bulblet growth (Takayama and Misawa 1983; Bonnier
and Van Tuyl 1997; Hu et al. 2006; Joshi and Dhar
2009). In this study, shoot number and fresh weight per
explant had increased significantly on medium containing
double strength of LS salt and 50 gl'1 sucrose. These
results can be attributed to the rapid growth of water
hyacinth demonstrated by biomass increase (Polprasert
et al. 1994) and fast absorption ability of nutrients in
nutrient-enriched water (Li et al. 2000). Thus, the
optimal level for shoot proliferation and biomass increase
of water hyacinth was attained with the application of
the double strength of LS liquid medium containing
5.0 mgl" BA, 1.0 mgl" TAA and 50 gl” sucrose (Fig. 1).
Considering the potential of water hyacinth as ornamental
and phytoremediation plants, in vitro micropopagation
can be an effective and efficient means to provide
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adequate supply of water hyacinth for the anticipated
increase in demandin all season.
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