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Abstract

In vitro seedlings of Grammatophyllum speciosum Blume. were transplanted to ex vitro
acclimatization by growing in dynamic root floating technique (DRFT) hydroponic culture with
two levels of nutrient ionic strength of KMITL (King Mongkut’s Institute of Technology
Ladkrabang) formula. During acclimatization period of 125 days, plantlets were sprayed weekly
with chitosan solution of 0, 10 and 15 ppm. The experiment was conducted under a glass-roof
greenhouse during monsoon period (September-January) with high relative humidity, relatively
low temperature, and low light intensity. Throughout the experiment, leaf number and leaf length
were recorded for growth comparison of two nutrient strengths and different chitosan
concentrations. Plant growth increased equally for all treatment combinations. The acclimatized
plantlets were able to survive in 10-fold-diluted nutrient solution (75-87.5%) slightly better than in
5-fold dilution (66.7-75.0%) while chitosan treatment had no clear effect on plant survival. After
harvesting, growth data of the orchid plantlets in two levels of nutrient strength with various
concentrations of chitosan application were collected and analyzed for statistical differences. All
leaf number, leaf length, root number and plant fresh weight were not significantly different.
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Introduction

Plantlet acclimatization, the final stage of in
vitro micropropagation for plantlet adaptation to ex
vitro conditions, is as important as the prior stages.
Since the ex vitro climates are different from in
vitro ones, i.e., lower relative humidity, variable air
temperature, and high light intensity, these cause high
rate of water loss in transplanted plants because the
structures and functions of in vitro developed plants
are different from greenhouse-grown plants, e.g.
thin, soft leaves with poorly developed wax
(cuticle) on leaf surface and inactive stomatal
closure mechanism (Pierik, 1987; Zimmerman,
1988). Thus, wvarious techniques have been
employed to improve acclimatization efficiency of

micropropagated plants (Pierik, 1987; Zimmerman,
1988).

Hydroponic system is possibly the potential
method for hardening acclimatized plantlets since
nutrient solution in hydroponic culture can
compensate water loss by transpiration and also
provides nutrients for plant growth. Thus,
hydroponic culture is partially similar to in vitro
culture in liquid medium. However, there have been
few reports on the acclimatization of ex vitro orchid
plantlets in hydroponic system, except some reports
on growth of potted mature orchid plants. In the
production of potted Phalaenopsis plants, several
hydroponic systems were investigated for the
improvement of this orchid growth and quality (Lee
and Lee, 2004). Nutrient film technique (NFT) and
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ebb-and-flow (EBB) system have been reported to
provide higher vegetative growth than other
irrigation systems. In addition, flower production
with good quality was the highest in the EBB
culture (Hwang et al., 2004).

In commercial orchid farms for cut flowers, the
introduction of hydroponic technology in orchid
cultivation has not been widely acceptable because
of several problems, especially root rot of epiphytic
orchids, that still remains to be solved. Thus,
Temasek Polytechnic in Singapore developed a
hydroponic  technique called “Precise Influx
Hydroponic Growth System” (PIHGS) which could
successfully eliminate root rot problem and for the
most important goal of orchid farming, pseudobulb
formation and flower production were increased
significantly when compared to traditional practices
(Leow and Tan, 2007).

Chitosan, exhibiting a role as plant growth
promoter, was investigated for its growth-stimulating
activities in in vitro micropropagation of orchids, as
well as greenhouse-grown plants. In the in vitro
culture of Dendrobium ‘Eiskul’ orchid, six chitosan
types, polymeric and oligomeric forms with three
different degrees of deacetylation (DD), were tested
for the stimulation efficiency in protocorm-like body
multiplication,  shoot  regeneration,  plantlet
development, and finally plantlet acclimatization
(Pornpienpakdee et al., 2010).

During acclimatization, when transplanting
plantlets were sprayed with chitosan, all types of
polymeric form, except at the highest concentration
(80 mg L"), could support 100% survival. The
positive effect on plant survival is possibly due,
partially, to chitosan activity on the reduction of
stomatal aperture (Lee et al, 1999) which
consequently decreases water loss by transpiration
through stomata. In addition to survival
enhancement, an appropriate type and concentration
of chitosan could promote vegetative growth of ex
vitro acclimatized plants (Pornpienpakdee et al.,
2010).

The application of chitosan also affected
greenhouse-grown plants. Willow cuttings rooted in
nutrient solution added with chitosan were
stimulated both root and shoot growth (Gryczka et
al., 2008). In Paphiopedilum niveum orchid, chitosan
from mushrooms induced both plant growth and
resistance to fungal diseases (Samae et al., 2008).
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The spray of chitosan on Dendrobium ‘Eiskul’
plants, floral production was promoted while shoot
growth  was  not  significantly  increased
(Limpanavech et al., 2008). According to the
enhancement of flower production, chitosan
application was evaluated at farming level for orchid
cut-flower production. Flower productivity of
Dendrobium ‘Sensational Purple’ plants sprayed
with chitosan were significantly increased with high
quality of cut flowers (Chandrkrachang et al., 2005).
On the other hand, -chitosan application to
Dendrobium Sonia ‘No. 17’ plants at early flowering
stage was not effective in improving the
inflorescence quality after harvest (Uthairatanakij et
al., 2008). The orchid response in this investigation
differed from the above is probably due to chitosan
types, concentrations, applying method, and orchid
cultivars.

Tiger Orchid (Grammatophyllum speciosum
Blume.), the largest orchid species, is the only one
species in genus Grammatophyllum that was found
in Thailand. Due to the slow growing and the rare
status of Tiger orchid, it has been studied on
micropropagation of this species for rapid
propagation. Chitosan stimulating on the growth of
Grammatophyllum speciosum protocorm-like bodies
(PLBs) was examined throughout the in vitro culture
(Sopalun et al., 2010). The results indicated that 15
mg L' chitosan supplemented in liquid medium was
the optimal concentration giving the highest relative
growth rate of PLBs. Therefore, the suitable method
of acclimatization is still needed for plantlet survival
of this species.

The aim of this research was to evaluate growth
and survival of transplanted orchid seedlings
acclimatized in hydroponic culture with chitosan
spraying. The in vitro germinated seedlings of Tiger
orchid (Grammatophyllum speciosum Blume.), the
largest tropical orchid species, was employed as the
experimental plant material.

Materials and Methods

The 9-month-old Grammatophyllum speciosum
Blume. seedlings from in vitro seed germination
were provided by the Agricultural Occupation
Promotion and Development Center (Tissue
Culture) in Trang province, Thailand. Plantlets
were cleaned and soaked in fungicide solution
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(Eulaxyl™) for 15 mimutes. Uniform plantlets

(Figure 1) were selected and divided into 3 groups
of control plants and chitosan-treated plants.
Chitosan O-80 (45,000 MW, >90% DD) with
concentration of 10,000 ppm was purchased from
Center for Chitin-Chitosan Biomaterials,
Chulalongkorn University, Bangkok (Limpanavech
et al., 2008). The treated plantlets were immersed
in chitosan solution of 10 ppm and 15 ppm for 30
minutes while distilled water was used for the
control plantlets. Following chitosan pretreatment,
individual plantlets were planted in a plastic pots
(5.5 cm height and 5.5 cm diameter) filled with
expanded-clay beads of 0.5 cm diameter.

The recirculating hydroponic system used in
this study was DRFT or Dynamic Root Floating
Technique which is able to adjust nutrient solution
depth depending on the length of plant roots. Two
rectangular basins of 102x140x10 cm (Wx Lx H)
were filled with nutrient solution of KMITL (King
Mongkut’s Institute of Technology Ladkrabang)
(Table 1) at 2 levels of 5-fold and 10-fold dilutions.
The diluted nutrient solution was circulated in the
system by pumping from the reservoir tank to the
opposite end of the basin. Pots with orchid
plantlets were inserted into the holes (5%5 cm
spacing) on foam sheets covering the top of the
basin (Figure 2).

The basins with 2 levels of nutrient
concentrations were main plots and plantlets in
each basin were divided into 3 groups of chitosan
treatment. The plantlets previously pretreated with
chitosan (0, 10, and 15 ppm) were sprayed with
chitosan of similar concentrations as pretreated
once a week in the morning throughout the
experiment. The experiment was a 2x3 factorial
design with 3 replications and 10 plants per
experimental unit and it was carried out in an open
sided greenhouse with a glass roof.

Physical conditions during the experimental
period, the climatic conditions fluctuated because it
was monsoon season (September-January). The
daily accumulation of phytosynthetic photon flux
(PPF) varied between 348-5330 mmole m™ and
maximum temperature was 26-34°C and minimum
was 22-28°C. The humidity was relatively high
with RH 62-91 %. The climatic conditions of
relatively low light intensity, relatively low

Figure 1 Seedlings of Grammatophyllum speciosum Blume. 9-
month-old germinated from in vitro seed culture.

Figure 2 Ex vitro transplanted seedlings of Grammatophyllum
speciosum Blume. in a hydroponic system of the dynamic root
floating technique (DRFT).

Table 1 Composition of King Mongkut’s Institute of
Technology Ladkrabang (KMITL) nutrient solution for
hydroponic culture.

Salt constituent Amount (g) Preparation of
inl10L nutrient solution
at full strength
Stock solution A
Ca(NO;),4H,0 1797 1L stock A+1L
Fe-EDTA 81.5 stock B added to
Stock solution B water, making
KNO; 1012 80L final volume.
KH,PO, 105
NH4H,PO, 190
MgS0,.7H,0 495
MnSO,4.H,O 7.5
CuS0,.5H,0 0.51
(NH,)§M0,04,4.4H,0 0.17
ZnS0,4.7H,0 2.38
H;BO; 6.23
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temperature and high RH were optimum for
acclimatization of in vitro plantlets. The pH of
recirculating nutrient solution was maintained at
6.0-6.5 while the EC of 5-fold-diluted solution was
higher (0.82-1.09 mS ¢cm™) than those of 10-fold-
diluted one (0.48-0.67 mS cm™). To compare the
difference of plant growth in various treatments,
length of leaf and number of leaf per plant were
also recorded weekly. At the end of the experiment
(125 days), the percentage of survived plantlets and
yield parameters was evaluated as number of leaf
per plant, root numbers per plant, leaf length and
fresh weight of the plants. The data were analyzed
for statistically difference by two-way ANOVA at
the significant level of 0.05.

Results and Discussion

The combination of ionic strength of nutrient
solution in hydroponic culture and folia spray of
chitosan solution had no effect on growth of
acclimatized seedlings. Leaf length increased
gradually during 125 days (Figure 3) while number
of leaf per plant increased during the first 6 weeks
but it decreased subsequently because of leaf
abscission (Figure 4). When plant survival and
plant growth were evaluated after the termination of
the experiment (125 days) the survival percentage
of plantlets cultured in 10-fold-diluted nutrient
solution was higher than those in the 5-fold-diluted
one (Figure 5). This indicated that the ionic strength
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of KMITL nutrient solution was too high for
survival of the acclimatized seedlings of this orchid
species. The culture of potted Phalaenopsis in an
ebb and flood hydroponic system was also
observed, in that, lower ionic strength of nutrient
solution promoted its growth and quality (Hwang et
al., 2004). On the other hand, chitosan ineffectively
supported survival of this Tiger orchid seedlings,
compared to the control treatment, while a 100%
survival rate of acclimatized plantlets has been
reported in Dendrobium ‘Eiskul’ orchid sprayed
with polymeric chitosan (Pornpienpakdee et al.,
2010). The survival difference of plantlets is
possible because oligomeric chitosan used in our
investigation was not effective, compared to the
polymeric form. Plants grown in 10-fold-diluted
solution without chitosan application had the
highest survival percentage (87.5%) while the
lowest percentage of 66.7% were in 5-fold-diluted
solution with 10 ppm chitosan spraying.

At the end of the trial (125 days after
transplanting), when the effect of ionic strength of
nutrient solution in hydroponic culture on
vegetative growth of Grammatophyllum speciosum
Blume. was examined, all growth parameters, i.e.
number of leaf per plant, number of root per plants,
leaf length, and plant fresh weight were not
significantly different (Table 2). On the contrary,
the various ionic strengths of ebb and flood
hydroponic culture caused significantly different
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Figure 3 Growth of leaf length of Grammatophyllum speciosum Blume. as affected by KMITL (King Mongkut’s Institute of
Technology Ladkrabang) nutrient dilutions and chitosan concentrations during 125 day acclimatization.



Vol. 48, No. 2, 2015  Germinated seedlings of tiger orchid in hydroponic using DRFT technique with chitosan 51

10-fold-diluted KIMITL-H3
=¥ 10 ppm chitasan

= 10-fold-dilted KMITL-HS
15 ppra chitogan

10-fold-dihuted KIWMITL-N3

Leaf (No. plant™)

o control
" S-fold-diluted KIITL-HZ
o ;
10 ppra chitosan
4 5-fold-dilnted KIITL-HE

15 ppra chitogan

et 5-fold-dilated KIMITL-N3

control

12 3 4 5 & 7 8 9% 1011 12 13 14 1516 17

Weeks

Figure 4 The increase of number of leaf of Grammatophyllum speciosum Blume. as affected by KMITL (King Mongkut’s
Institute of Technology Ladkrabang) nutrient dilutions and chitosan concentrations during 125 day acclimatization.

Table 2 Combined effects of KMITL (King Mongkut’s Institute of Technology Ladkrabang) nutrient dilutions
and chitosan concentrations on growth parameters of Grammatophyllum speciosum Blume. in DRFT dynamic root

floating technique hydroponic culture for 125 days.

Nutrient Chitosan Leaves Roots Leaf length Fresh weights
concentrations concentrations (No. plant™) (No. plant™) (cm) (2)
(mg kg
5-fold-diluted 0 4.5+1.1 7.1£4.5 13.0£2.5 2.9+2.1
KMITL 10 4.4£1.0 7.1+2.4 11.4£2.5 2.8+13
15 49+23 8.2+3.8 12.1£1.4 2.7£1.0
10-fold-diluted 0 43+1.2 5.7+£1.4 11.6+1.9 2.5£0.9
KMITL 10 4415 72426 12.1£1.9 2.7+1.9
15 4.7+1.1 6.4+1.1 11.6+1.8 2.8+1.1

Values are presented as means £ SD. Data analyzed according to two-way ANOVA was not significant different for both

nutrient dilutions and chitosan concentrations treatment
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Figure 5 The survival percentage of plants cultured in 10-fold-
diluted and 5-fold-diluted KMITL (King Mongkut’s Institute
of Technology Ladkrabang) nutrient solution with chitosan
spraying after the termination of the experiment (125days)

vegetative growth of Phalaenopsis (Hwang et al.,
2004). In half strength of nutrient solution, the
greatest number of leaves, leaf length, leaf width,
and fresh and dry weight were reported. The
differences of the results are possibly due to
different formula of nutrient solution and/or the
orchid species used in both experiments.
Nevertheless, employing the hydroponic system
compared with conventional practices improved
vegetative growth and quality of potted
Phalaenopsis (Lee and Lee, 2004; Hwang et al.,
2004).
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The response of Grammatophyllum speciosum
Blume. seedlings to chitosan treatments was not
significantly different, corresponding to the effect of
chitosan of the same type applied to Dendrobium
‘Eiskul’ plants (Limpanavech et al, 2003;
Limpanavech et al., 2008). Though foliar application
of chitosan could not promote vegetative growth of
Dendrobium orchid plants, it was effective in
inducing early flowering, more flower bud
production, and good quality of flowers
(Limpanavech et al., 2003; Chandrkrachang et al.,
2005; Limpanavech et al., 2008). Moreover, chitosan
extracted from various mushrooms was effective in
improving vegetative growth of Paphiopedilum
niveum plants (Samae et al., 2008). Therefore, the
ineffective stimulation by chitosan in our experiment
is possibly due to the tested chitosan produced from
different sources and/or different orchid species
responding differently.

Conclusions

During the experiment for 125 days, the in vitro
germinated seedlings acclimatized by growing in
hydroponic culture with chitosan foliar spraying,
provided identical growth from all treatments. At the
end of the experiment, survival percentage of the
acclimatized plantlets in 10-fold-diluted nutrient
solution was higher than those in 5-fold-diluted
blend while chitosan application was ineffective to
support plant survival. In addition, all of the
examined growth parameters, i.e. leaf number, root
number, leaf length, and fresh weight were not
significantly different for both ionic strength levels
and chitosan concentrations applied.
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