14 JOURNAL OF FISHERIES AND ENVIRONMENT 2018, VOLUME 42 (1)

Effects of N6-(2-Isopentenyl) Adenine (2iP) on the Growth of Tropical
Seagrass Enhalus acoroides after Germination

Pattama Tongkokl’z, Prasart Kermanee! and Chatcharee Kaewsuralikhit?->*

ABSTRACT

The influence of a cytokinin, N®~(2-Isopentenyl) adenine (2iP), on growth of Enhalus acoroides
was examined in controlled laboratory experiments. Seeds of E. acoroides were collected from Haad
Chao Mai National Park, Trang Province, Southern Thailand, on the Andaman Sea side. The seeds were
cultured in sterile MS liquid medium containing 25, 50, 75, and 100 uM 2iP in glass culture bottles.
The cultures were stored under 254+2°C in axenic conditions for 64 days. The results showed that 2iP
inhibits the initiation of E. acoroides root. The highest average root length was 19.10+1.13 mm in
controlled MS medium. The treatment with increasing 2iP concentration showed positive effects on
hypocotyl and leaf developments. The highest average hypocotyl length, 1.60+0.00 cm, was found in
seedlings from 50 uM 2iP medium. The hypocotyl diameter recorded in controlled MS medium was
not significantly different from those in 50 and 100 uM 2iP media. The highest average leaf length was
5.36£0.67 cm in 100 uM 2iP medium. This culture knowledge is a step forward to the in vitro seagrass
propagation and restoration studies.
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INTRODUCTION

Enhalus acoroides (L.f.) Royle is the
biggest tropical seagrass species with distribution
from the shallow water above lowest low water
(LLW) to a depth of 4 m (Nakaoka and Supanwanid,
2000). Because of the large size and very long
leaves, E. acoroides occupies the water column
from the seafloor to 1-2 m above the LLW and
plays a very important role in the marine ecosystem.
Its leaves and detritus are a source of food for sea
turtles, fish, waterfowl and marine animals, especially
dugong (Adulyanukosol and Poovachiranon, 2003).

Human activities have a direct threat to
seagrasses (Orth et al., 2006), for example, increase
in turbidity caused by sediment from land erosion
or coastal development (Spalding et al., 2003; Orth
et al., 2006), and plastic pollution in the sea (Balestri
etal.,2017). Seagrasses are also threatened by
shallow-net trawling, using inappropriate fishing
gear, boating and shipping activities (Short and
Waycott, 2010). These threats have major impacts
on seagrass meadows as many seagrass areas have
been lost (Spalding ef al., 2003; Grech et al., 2012).
Furthermore, the sexual reproduction of the seagrass
is less than 10% per year of reproduction (Hemminga
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and Duarte, 2000), this might limit the population
growth of seagrasses. Consequently, a method of
restoration and rehabilitation of seagrass have been
developed (Short and Coles, 2001). Transplanting
techniques, such as sod, turf, plug and seed planting,
have been used for conservation purposes since 1980
(Phillips, 1980, 1982; Thorhaug, 1986; Lewis, 1987;
Thom, 1990; Fonseca et al., 1988, 1998). Thereafter,
the seagrass Ruppia maritima had been cultured
in cytokinin sucrose base medium under axenic
conditions (Koch and Durako, 1991). Tissue culture
has shown to be successful in rapid cloning of plants.
In addition, tissue culture is widely used to produce
thousands of new plants and it is very important to
germplasm conservation and establishes plantlet
(Bird et al., 1994). However, little information
exists on the presence of plant growth regulators
(PGRs) in seagrasses and their effects (Balestri ef al.,
1998). The only seagrass species that have been
successfully cultured are R. maritima L. (Bird et al.,
1996), Halophila engelmannii (Jewett-Smith and
McMillan, 1990; Koch and Durako, 1991), and
Halodule pinifolia (Subhashini et al., 2014).

Previously, E. acoroides studies have
focused on ecology, distribution (Lewmanomont
et al., 1996), effect of shoot density on reproduction
(Rattanachot 2008; Rattanachot et al., 2015), and
effect of desiccation periods on seed development
(Dagapioso and Uy, 2011). Knowledge of in vitro
cultures of E. acoroides is rare. Therefore, the
purpose of this study was to investigate seed
germination performance and seedling development
of E. acoroides on various concentrations of plant
growth regulator, N°-(2-Isopentenyl) adenine (2iP),
in vitro culture environment. This work provides
a basis for in vitro propagation of E. acoroides
which will be vital for seagrass restoration efforts.

MATERIALS AND METHODS
Specimen collection

Seeds of Enhalus acoroides (L.f.) Royle
were collected from Haad Chao Mai National
Park, Trang Province, southern Thailand, on the
Andaman Sea side.

Specimen sterilization

The prepared mature fruits were washed
with 70% ethanol (v/v) and followed by surface
sterilization with 1.50% sodium hypochlorite
(NaOCl) for 15 minutes. The sterilized fruits were
rinsed 3 times in sterilized artificial seawater under
laminar airflow cabinet.

Medium and culture preparation

The seeds of E. acoroides were cultured
in the MS (Murashige and Skoog, 1962) liquid
medium as a controlled medium and in MS liquid
medium supplemented with 25, 50, 75 and 100 uM
N®-(2-isopentenyl) adenine (2iP) as treatments.
Each seed was placed at the bottom of the glass
culture bottles (6 cm in diameter and 11 cm height)
containing 20 ml of media. The pH of medium was
adjusted to 6.5. The cultures were incubated under
a photoperiod of 16 hours and 40 pmol-m™-s™! light
intensity at 25+2°C (Bhojwani and Razdon, 1996;
Kaveeta, 1997) for 64 days. Completely Randomized
Design (CRD) was used for the experiment with
10 replicates. Root, leaf, hypocotyl, and seedling
wet weight in all treatments were measured and
morphological changes were recorded at 2, 4, 8,
16, 32 and 64 days of culture.

Statistical analysis

Data were statistically analyzed using
SPSS. One-way analysis of variance (ANOVA) was
used to test the effect of 2iP on seedling growth and
development. When the results were significantly
different between treatments, a Tukey’s post-hoc
test was used for multiple comparisons of treatments
at P<0.05.

RESULTS

One hundred percent of seed cultured in
controlled medium and 2iP media can germinate
at day four. There was no effect of 2iP on seed
germination but it affected seedling growth and
morphological development.
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Root development

The mature seed has a radicle that forms
the primary root. The primary root emerges from
the area of the base of embryo to the base of
hypocotyl. The primary root was observed at day
eight in all treatments (Figure 1). After 16 days,
the adventitious roots occurred from the area between
hypocotyl and cotyledon (Figure 2). Seedlings
grown in controlled media could produce the
adventitious roots before those in 2iP media. After
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32 days, seedlings in all treatments could produce
at least one adventitious root (Figure 1). At the end
of experiment, root number was a marked different
in controlled medium compared to 2iP media. The
highest average number of root per plant is 3.20+
0.20 in controlled medium (Table 1). Root number
tended to decrease in higher 2iP concentration
treatments. The highest average root length of
19.10+1.13 mm was obtained in controlled medium.
However, there was no significant difference with
those in 75 and 100 pM 2iP media (Table 1).
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Figure 1. Seedlings of E. acoroides in controlled medium and 2iP media showing primary root emerging from the
area of the base portion of hypocotyl at day eight, and adventitious root after 32 days. The leaves of
seedling in all treatments were produced from plumule between cotyledon and hypocotyl. All seedlings
showed ribbon like leaves with round apex when leaves elongated after 16 days.

Figure 2. Surface view of hypocotyl and root tip of seedling in controlled medium at day 1

6" of culture, showing

first adventitious root (arrow) that emerged between hypocotyl and cotyledon
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Table 1. Number and length of E. acoroides root cultured in 2iP media.

Root number

Root length (mm)

2iP concentration Min. Max. mean+S.E. Min. Max. mean+S.E.
0 2.00 4.00 3.2040.20% 15.00 27.00 19.10+1.13

25 1.00 2.00 1.10+0.10° 0.10 13.00 4.52+137°

50 1.00 1.00 1.00+0.00° 6.00 21.00 7.85+0.73°

75 1.00 1.00 1.0040.00° 2.00 21.00 14.60+2.65%

100 1.00 2.00 1.20£0.16" 9.00 21.00 18.10+1.45%

Remark: Similar superscripts within columns were not significantly different (P>0.05) from each other according to Tukey’s

post-hoc test at 5% probability level

Hypocotyl development

Hypocotyl of Enhalus acoroides can be
produced before detaching from the fruit, which
is called viviparous. The hypocotyl is dome
shaped and fused with cotyledon and embryo.
The hypocotyl has a provascular bundle, which
extends from embryo to the base portion and its
radicle (Figure 3). The seedling germinates and
grows by using a nutrient source from the hypocotyl.
The hypocotyl length and diameter at the initial

day of experimentis 1.014+0.09 and 1.10+0.11 cm,
respectively. At the end of experiment, there was
a marked difference in the 50 uM 2iP medium
compared to all other media. The highest average
hypocotyl length, 1.60+0.00 cm, was found in
seedling from MS medium supplemented with
50 uM 2iP. The hypocotyl diameter recorded
in controlled medium (1.384+0.05 cm) was not
significantly different from 50 and 100 uM
2iP media, as determined by one-way ANOVA
(Table 2).

1 mm

Figure 3. Transverse section through the seedling of E. acoroides showing a provascular bundle (V), hypocotyl (H),

radicle (R), leaf (L), and cotyledon (C)
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Table 2. Size of E. acoroides hypocotyl cultured in 2iP media

Hypocotyl length (cm) Hypocotyls diameter (cm)
2iP concentration Min. Max. mean+S.E. Min. Max. mean=S.E.
0 0.90 1.20 1.07+0.04¢ 1.20 1.70 1.3840.05%
25 1.10 1.40 1.31+0.04° 0.90 1.20 1.1120.00°
50 1.60 1.60 1.60+0.00* 1.30 1.30 1.30+0.00°
75 1.20 1.60 1.45+0.06° 1.10 1.20 1.170.00"
100 1.20 1.50 1.47+0.03° 1.10 1.30 1.2540.00°

Remark: Similar superscripts within columns were not significantly different (P>0.05) from each other according to Tukey’s

post-hoc test at 5% probability level

Leaf development

Leaf of E. acoroides is simple leaf without
ligule. Leaf is ribbon like with round apex and
entire margin. Leaf arrangement is alternate.
Venation is palmately parallel. The leaf is produced
from plumule between cotyledon and hypocotyl
(Figure 3).

The result showed that leaves of seedlings
were developed within day eight in all treatments
(Figure 1). The highest average leaf number was
5.20+0.13, found in controlled medium. However,
the leaf numbers of seedling at the end of experiment
in controlled medium and all 2iP media were not
significantly different. Leaf length and width
increased when the concentration of 2iP increased.
The highest average leaf length was 5.36+0.67 cm in
100 uM 2iP medium. There was a marked difference

(P<0.05) in 100 uM 2iP medium compared to control
medium (Table 3). The highest average leaf width
was 0.64+0.13 cm in 75 uM 2iP medium. There
was no statistical differences among 75, 100 uM
2iP media and control (Table 3). The result showed
that cytokinin 2iP could promote leaf development
especially leaf elongation of seedling.

Seedling weight

The seedlings have a distinct leaf
primordium which is protected by cotyledon and
enlarged hypocotyl. At day eight, all seedlings
had leaves which were longer than their cotyledon.
The leaf tended to continuously increase from day
eight to the end of experiment. At the end of
experiment, the weight of above ground part, shoot
and leaf, was highest in 100 pM 2iP medium
(0.294+0.02 g). The above ground weight of seedling

Table 3. Number and size of E. acoroides leaf cultured in 2iP media.

Leaf number Leaf length (cm) Leaf width (cm)
2iP concentration Min. Max. means£S.E. Min. Max. mean=S.E. Min. Max. meansS.E.
0 5.00  6.00 5.20+0.13% 310 630 4.31+£0.29° 040 0.60  0.49+0.02%°
25 2.00  6.00  4.40+0.47" 070 950  4.29+1.16° 030 050  0.37+0.02°
50 3.00  6.00 4.80+£0.38% 310 610 4.59+0.35° 040 050  0.42+0.01°
75 2.00 6.00  4.90+0.48" 1.60  6.00 5.15+0.45% 0.30 1.40 0.64+0.13%
100 200 6.00  4.80+0.53" 1.10  7.60  5.36£0.67° 030 0.50  0.52+0.02°

Remark: Similar superscripts within columns were not significantly different (P>0.05) from each other according to Tukey’s
post-hoc test at 5% probability level
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cultured in 100 pM 2iP medium was significantly
different (P<0.05) from all other media, as
determined by one-way ANOVA (Table 4). The
above ground weight tended to increase when the
concentration of 2iP increased. The underground

Table 4. Seedling weight of E. acoroides in 2iP media

average weight including root and hypocotyls
was highest at 1.01+0.04 g in controlled medium.
However, the underground weight of seedlings
grew in controlled medium and all 2iP treatments
were not significantly different.

Above ground weight (g) Below ground weight (g)
(shoot and leaf) (root and hypocotyl)

2iP concentration Min. Max. mean+S.E. Min. Max. meanzS.E.
0 0.12 0.31 0.19+0.02° 0.90 1.24 1.0140.04°

25 0.00 0.38 0.13+0.04° 0.59 1.09 0.79+0.05%

50 0.11 0.27 0.19+0.02° 0.63 0.86 0.79+0.03%

75 0.03 0.23 0.17+0.02° 0.72 1.04 0.86+0.04"

100 0.02 0.35 0.29+0.02" 0.78 1.00 0.85+0.03°

Remark: Similar superscripts within columns were not significantly different (P>0.05) from each other according to Tukey’s

post-hoc test at 5% probability level

DISCUSSION

The study of growth of Enhalus acoroides
seeds showed that plant growth regulator 2iP had
no effect on seed germination. This indicates that
seed of E. acoroides could germinate under different
medium conditions. Moreover, E. acoroides
produces viviparous seeds that store nutrients in the
seeds and they could immediately germinate just
after detachment from the parental plant (Balestri
et al., 1998). This adaptation could promote seed
dispersal and distribution within the seagrass
meadow environment. However, the ability of seed
development depends on various environmental
conditions.

N6-(2—isopentenyl) adenine (2iP) affects
root, hypocotyl and leaf developments of E. acoroides.
The plant growth regulator 2iP is a naturally occurring
cytokinin that is a precursor of the cytokinin Zeatin.
In natural plants, the cytokinin is mainly synthesized
in roots and translocated to shoots and leaves via
the xylem flow. 2iP has been used in tissue cultures
to support in vitro propagation such as stimulating
callus differentiation, promoting axillary bud and
stimulating cell division (Einset, 1986; Zhang et al.,

2014). It can inhibit root formation and root
number but promote root length. Root length
tended to increase when the concentration of 2iP
increased (Table 1). In addition, the plant growth
regulator, 2iP, also stimulate hypocotyl and leaf
length. Similar results were also reported on Ruppia
maritima (Kock and Durako, 1991), R. megacarpa,
Halophila ovalis (Henry, 1998), Sophora tonkinensis
(Jana et al., 2013), and bilberry (Jaakola et al., 2001).
The previous studies showed that increasing 2iP
concentration promoted nodal production, growth,
and axillary shoots. In addition, 2iP could promote
cell division in plants (Skoog and Miller, 1957) and
induce elongation of shoots in Cymbopogon nardus
(Chan et al., 2005). However, Kock and Durako
(1991) suggested that a positive effect of 2iP depends
on its concentration. Suitable 2iP concentration
also varies depending on plant species. From this
study, the results showed that 75 to 100 uM 2iP
were the optimal concentrations for growth and
elongation of E. acoroides seedlings.

Root length increasing is important for both
in vitro and ex vitro propagation. The primary
functions of root are absorption of water and
dissolved nutrients necessary for seed development
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(Robert et al., 2015). In addition, leaf of explant
is also important for surviving in vitro culture
environment that has limited nutrient sources and
gas. Therefore, increasing leaf length can increase
photosynthesis process. From this study, there was
a correlation between hypocotyl length and leaf
length (P<0.05, R?=0.5299, n=240) (Figure 4).
This analysis may indicate that increasing hypocotyl
size is related to nutrient storage in seedlings which
could cause leaf to lengthen. Kuo and den Hartog
(2006) reported that the hypocotyl of E. acoroides
acted as nutrient storage source for seed development.
An abundance of starch grains was observed in the
hypocotyl of some seagrasses species including
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E. acoroides. This is an important adaptation of
E. acoroides seedlings, which is crucial for seedling
growth in the field or seagrass meadows.

Vichkovitten et al. (2016) reported that
E. acoroides transplantation success in Thai coastal
waters depends on many physical and biological
factors including low temperature, and low sulfide
in sediments. In addition, the critical period of
transplants was within the first three months when
plants needed to acclimatize to their new environments.
Therefore, soundness size of seedling has a great
influence on seagrass growth, where larger seedlings
could produce larger plants than smaller ones.

WRLL 7.00 8,00 Q.00 10,00

leaf length (cm)

Figure 4. A correlation between hypocotyl length and leaf length of E. acoroides seedlings in all treatments

CONCLUSION

N6—(2—isopentenyl) adenine (2iP) showed
a negative effect on E. acoroides root initiation.
However, the positive effects showed in E. acoroides
hypocotyl and leaf development. The optimal
concentrations of 2iP in cultured media range from
75 to 100 uM. These concentrations could stimulate
the growth of hypocotyl that is important nutrient
storage for seedling. The optimal 2iP concentrations
can promote leaf elongation and is suitable for
E. acoroides seedling culture during preparation
period prior transplanting.
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