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Abstract

The effects of LEDs (Light-Emitting Diodes) emitting different colours namely red, blue, red and
blue, and white lights on vegetative growth and flower initiation of Phalaenopsis have been evaluated.
Phalaenopsis”otohine/ taisuco fire bird” seedlings in vitro were subjected to different light qualities for either
2 or 4 weeks, and then each seedling was planted in a plastic pot containing sphagnum and grown in the
growth chamber under similar light quality for 3 months. For flower induction, mature Phalaenopsis plants
having 4 - 6 leaves were grown for 3 months in the growth chamber under different light qualities. The leaf
span, chlorophyll, gibberellin and cytokinin content were determined. In addition, the expressions of FT-like
gene in the leaf, axillary bud, flower bud and stalk were examined.

Vegetative growth was enhanced under blue, red-blue or white LEDs compared to that of the control.
Gibberellin and cytokinin content increased in the seedlings subjected to white LEDs. Based on the average
of leaf span increment it was suggested that the growth of Phalaenopsis seedlings can be promoted by giving
either blue, red-blue or white LEDs. From the second experiment, it was found that flower induction in
Phalaenopsis can be obtained in plants that had just finished flowering without the application of LEDs. The
expression of FT-like gene in the leaf as well as flower bud and stalk suggests that this gene is involved in
flower regulation of Phalaenopsis.
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Introduction for flower induction. In a large commercial
Orchids consist of ca.25,000 species, nursery, plants normally grown in separate
but only few are grown at a large scale greenhouses with different temperatures
in greenhouse for commercial purposes during these two phases or alternatively
especially epiphytic species. One of these plants were grown in different altitudes,
epiphytic orchids is Phalaenopsis. In the and it means that growers should have
natural habitat, Phalaenopsis grows well two nurseries. This cultivation technique is
at high humidity and good shade. Similar relatively costly and new technique to alter
to that of many other flowering plants, the microclimate for vegetative and flower
Phalaenopsis requires specific environment forcing of Phalaenopsis is still required.
conditions both for their juvenile phase and During the vegetative phase, the

provision of sufficient light is important to

- - the development of healthy leaves and roots.
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resulted in favorable leaf development (e.g.,
vigor, greater leaf area, more green color)
compared to plants that growing under a
black shade net. It was suggested that a better
appearance of vegetative phase of those
orchids was enhanced by the blue shade
net was due to the increases of chlorophyll
and other pigment biosynthesis through the
regulation of the expression of some genes.

Flower initiation or control of flowering
time is often applied by orchid growers to
obtain flowers at a certain time of the year
when the demand increases. Before plants can
be forced to flower, the leaves or meristems
must reach a condition called ‘ripeness
to respond’. There are several factors
affecting flowering, such as temperature,
photoperiod, fertilizers, plant hormones,
and even mechanical practices like prunning
and leaf trimming (Chomchalow, 2004).
For Phalaenopsis, flower forcing can be done
either by adjusting the temperature or
hormones application. Newton and Runkle
(2009) reported that Phalaenopsis require a
day temperature of 26 °C or less to initiate
flowering, whereas temperature during the
night has little or no effect on flowering. The
requirement of low temperature often can
be substituted by application of gibberellin
and/or cytokinin (Hanks and Jones, 1984).
Blanchard and Runkle (2008) reported that
application of benzyl adenin of 200 or 400
mg/L caused an earlier flowering (3 - 9 days
earlier) in Doritaenopsis and Phalaenopsis, but
application of benzyladenin and gibberellin
had no effect on inflorescence number
and flower number. It was suggested that
cytokinins play some roles in inducing
flower development of Phalaenopsis but
cannot completely substitute for an
inductive low temperature. Thus, better
technique to force flowering in Phalaenopsis
is obviously required. Leite ef al. (2008)
found that Phalaenopsis grown under red
shade net bloomed earlier compared to those
grown under black shade net and it was
suggested due to earlier floral inflorescence
induction.
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In this paper, we report a new technique
for prompting vegetative growth and flower
induction using a LED lamp emitting a
differing light spectrum. This light emitting-
diode lamp is a solid-state lamp that uses
light-emitting diodes as the source of light.
The light output of individual LED is
small compared to incandescence and
compact fluorescence lamps. There are
several advantages in using LED lamps,
such as lower energy consumption, longer
lifetime, improve robustness, smaller size,
faster switching, and greater durability
(http:/ /www.en.wikipedia.org.wiki/LED
lamp). The effects of LED lamps have been
evaluated on several plant species, however,
the responses are species dependent (Nhut
and Nguyen, 2010). In Phalaenopsis, it was
found that total leaf area were increased
under LED compared to those under TFLs
(Jao and Fang, 2003; Hsu and Chen, 2010)

Flowering is critical for growth and
reproduction in plants and is controlled
by both environmental and endogenous
conditions. One of the most important factors
that control flowering is the plant’s response
to daylight or photoperiod (Imaizumi and
Kay, 2006). In addition to the photoperiodic
pathway, the regulation of flowering time
involves complex signaling pathways, such
as the vernalization, autonomous flowering
and gibberellins pathways. There are some
genes involved in flowering and among
those genes, FLOWERING LOCUST (FT)isa
floral integrator that plays an important role
in controlling flowering time. Most recently,
the nature of FT and its ortholog as florigen,
amobile flowering signal, has been proposed
in tomato, rice, arabidopsis and cucurbits
(Lifschitz, et al., 2006; Tamaki et al., 2007;
Corbesier et al., 2007; Jaeger and Wigge, 2007;
Mathieu et al., 2007; Lin et al., 2007; Notaguchi
et al., 2008; Zeevart, 2008). At present, the
isolation of FT gene in orchid (Oncidium
Gower Ramsey) has been reported. Ectopic
expression of On FT in transgenic Arabidopsis
plants showed early flowering and losing
inflorescence indeterminacy phenotypes. In
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this study we also report the expression of
FT-like gene in Phalaenopsis that might be
induced by light application and whether this
gene is linked to flower induction.

Materials and Methods
Effects of light quality on vegetative growth
of Phalaenopsis

Phalaenopsis seedlings used originated
from the crosses between Phalaenopsis
Golden Peoker “bl" /Haur Jiu Diamond and
Phalaenopsis Brother Lawrence “glos”. The
in-vitro seeedlings of having leaf length about
3 cm to 5 cm and leaf width about1cmto 1.5
cm were obtained from Green Orchid Nursery
(Salatiga). Each bottle that contains 10 to 15
Phalaenopsis seedlings was placed in a growth
chamber with distance of 20 cm x 10 cm
(column x row). The bottle was subjected to
light quality which consists of four different
colors of LED lamps namely red, blue, red
and blue (1: 1), “white” and natural light as
control with the duration was for either 2 or
4 weeks. The distance of light source to the
bottles was 30 cm, and the plantlets received
a8/16 (light/ dark) photoperiod. Five bottles
were used for each treatment. After the initial
treatment, the seedlings were selected and
planted in small transparent pots containing
sphagnum as growth media. The juvenile
plants (20 plants per treatment) were placed
back in the same growth chamber with same
light quality and grown for 8 weeks. The
seedlings received 8/16 (light/dark) per
photoperiod. Watering was applied every
other day and fertilizer (Grow more) was
applied twice a week at the concentration
of 1.5g/L. At the end of experiment leaf
span increment, chlorophyll, gibberellin
and cytokinin content in the leaves were
determined.

Effect of light quality on flower forcing of
Phalaenopsis

Young Phalaenopsis plants used were
Phalaenopsis “otohine/taisuco fire bird”
imported from Taiwan. The plants were of
5 - 6 months old, grown in transparent plastic
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pot with sphagnum as growth media. This
experiment was carried out in the greenhouse
which has the average daily temperature
and humidity of 26 °C/80%. The plants were
placed inside the growth chamber and light
quality treatment was given for 8/16 (light/
dark) per photoperiod. For each treatment,
10 plants were used as replicates. Watering
was given every other day and fertilizer
Grow more® (according to the manufacture’s
suggestion) was applied twice a week. All
plants were grown for 3 months and at the
end of experiment, the leaf span increment,
chlorophyll, gibberellin and cytokinin
content in the leaf were determined.

Chlorophyll assay

For the extraction of chlorophyll
samples, 0.1g of fresh orchid leaves from
each plant samples were grounded with 10
mL 80% acetone in a mortar and pestle. The
leaf extract was filtered using Whatmann
paper No. 1 and then absorbance reading
of the clear extract were measured at 646
and 663 nm using aspectrophotometer.
The chlorophyll contents (ng mL™) were
calculated using Harborne method (1998).

Gibberellin and Cytokinin assay

For gibberellin and cytokinin extraction
procedure, leaf blade of 8 g were grounded
with 40 mL of 80% methanol (MeOH).
The extract was stirred (250 rotation/min)
overnight at 4°C, after which insoluble
material was separated by centrifugation
(4800 x g for 8 min). Supernatants were
collected into small vials and the methanol
and part of the water was removed by
evaporation until the final volume was about
30 mL. The volume of the aqueous residue
was adjusted to 40 mL with double distilled
water (H,O) and the pH of each sample was
adjusted to 2.5 with 50 mM HCI. Samples
were then partitioned 3 times against water
saturated ethyl acetate (EtOAc), 15 mL
each time and the ethyl acetate phase was
collected. The combined organic phases were
partitioned 3 times against freshly prepared
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5% (w/v) NaHCO3, 15 mL each time and
the water phase was collected. Finally, the
combined aqueous phase was adjusted to
pH 2.5 with concentrated HCI and again
each sample was partitioned 3 times against
water saturated EtOAc, 15 ml each time
and the ethyl acetate phase was collected.
Subsequently all samples were concentrated
to dryness and then dissolved in 1000 puL
MeOH .

High Performance Liquid Chromatography

Gibberellins and cytokinin were resolved
by reverse-phase C,; HPLC (column C,,
250 mm x 4.6 mm i.d. x 5 pm). The column
temperature was mantained at constant (25+
0.1 °C). The separation was carried out by
automated isocratic elution with a flow rate
of 1 mL/minute, and wave length of 254 nm.
An injection volume of 8 L was used for each
analysis. The standard solution of the individual
hormone was prepared in the mobile phase and
chromatographed separately to determine the
retention time for each hormone. The mobile
phase was acetonitrile water (30 : 70%; v/v)
containing 30 mM phosphoric acid with pH 4.
The signal of the compound was monitored at
254 nm. The relative concentration of hormones
were determined by comparing the peak area
of samples to each hormone standard (Kelen
et al., 2004).

@)
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RT-PCR analysis

The total RNA was extracted from
dissected leaf axis of Phalaenopsis plants that
had been subjected to different light qualities
using a Trizol kit (Invitrogen) according to
the manufacturer’s protocol. First-strand
cDNA synthesis was carried out using 1 pg of
total RNA with oligo dT primer according to
the protocol of the RT-PCR Kit (Invitrogen).
First-strand cDNA was used to amplify
FT-like gene of Phalaenopsis via PCR using
degenerate primers, based on the conserve
region of Rice Hd3a gene, namely: Hd3a-
F(5’-CTTGTGGTTGGTAGGGTTGT-3") and
Hd3a-R (5-TTCGCCGAGCTCTACAACCT
CGT-3"). As the positive control, a pair of
primers of the ubiquitin cDNA namely UBQ-
F(5-CACAAGAAGGTGAAGCTCGC-3)
andUBQ-R (5 CCTTCTGGTTGTAGACGTA
GG-3’) was used to amplify Phalaenopsis
ubiquitine cDNA.

Results and Discussion

Light is one of most important factors
known to regulate the growth of Phalaenopsis.
Previous experiments demonstrated that
Phalaenopsis grown under a blue shade net
displayed more commercially appealing
leaf traits e.g., more green, more reflective
leaves, compared to those grown under

BLUE (4W) RED-BLUE (4W)

(b)

Figure 1. Phalaenopsis seedlings after grown in various light quality for 2 weeks (a) or 4 weeks (b)
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Figure 2. The average+ SE of leaf span increment of

Phalaenopsis seedlings grown under different light
quality for 3 months (n= 6)

ablack shade net (Leite et al., 2008). In this
experiment, Phalaenopsis seedlings grown
under control condition showed thinner
leaves compared to those grown in the
growth chamber with different light quality.
This might be attributed to high transpiration
rates that could have resulted from higher
temperatures under greenhouse conditions
(i.e., 30 + 2 °C). For Phalaenopsis seedlings
grown in the growth chamber, the humidity
and water availability in the growth media
can be well maintained and it leads to the
better growth of seedlings. Moreover, the
value of leaf span increment of seedlings
grown in blue, red-blue, or white LEDs are
greater than control (Figure 1la. and 1b.),
where as seedlings grown under red LEDs
showed no significant leaf span increment
compared to control (Figure 2). These results
indicate that photosynthesis process under
blue, red and blue or white light possibly are
better than red LEDs or control condition.
This assumption was based on the fact that
the total chlorophyll contents also higher in
those seedlings compared to those seedlings
grown under red LEDs or control condition
(Figure 3 and Figure 4)

It was suggested that blue light controls
stomatal conductance rather than red
light, and that red LEDs may cause lower
photosynthesis through lower stomatal
condustance. In addition, the narrow peak
emission of red LEDs also leads to an
imbalance of photons available to both
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Figure 3. The average +SE chlorophyll contentin
Phalaenopsis seedling treated with different light quality
(2 weeks in the bottle followed by 3 month grown under
similar light quality) (n=5)
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Figure 4. The average + SE chlorophyll content in
Phalaenopsis seedling treated with different light quality
(4 weeks in the bottle followed by 3 months grown
under similar light quality) (n=5)

photosystem I and II, thus altering the ratio of
cycle to whole chain reaction transport, and
causing a reduction in net photosynthesis
(Nhut and Nguyen, 2010). However, in
Paphiopedilum, red light given together
with blue light enhanced stomatal opening
(Talbott et al., 2002), whereas Jao and Fang
(2003) found that for Phalaenopsis plantlets in
vitro grown under red-blue LEDs only show
a slight increase in leaf length compared to
those plants grown under TFLs.

The content of gibberellin and cytokinin
determined in Phalaenopsis seedlings showed
that only white LEDs gave higher content of
both hormones compared to control (Figure
4 and Figure 5). This results indicate that
the synthesis of hormones are better under
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Figure 5. The average relative content of gibberellin
in Phalaenopsis seedlings grown under different light
quality for 3 months (n=3)

Light quality treatments

t i, 5 i bk e Mlirs

Figure 6. The average relative content of cytokinin
in Phalaenopsis seedlings grown under different light
quality for 3 months (n=3)

white light that can gave all spectrum of
light. The relative content of gibberellin can
be detected in seedlings grown under red,
blue or red-blue LEDs but cytokinin content
was very low. It could be due to the synthesis
of cytokinin which mostly occurred in roots
(Aloni, 2005), and for the seedlings observed
there were only few roots developed during
the three months growth.

Effect of light quality on flower initiation and
expression of FT-like gene in Phalaenopsis
Flowering is regulated by several
factors and for Phalaenopsis it was known that
temperature and humidity play important roles
in flower initiation. In this experiment the effect
of light quality on triggering flower initiation
of Phalaenopsis was evaluated. However,all
Phalaenopsis plants subjected to different light
quality failed to flower. This maybe attributed

L.]. Biotech.

to the young age of Phalaenopsis and longer
duration might be required to induce flowering,
aswell aslight quality. Phalaenopsis plants used
in this experiment had 4 - 6 leaves and had
yet to flower. Eventhough these plants were
considered as mature plants, the transition
from vegetative to reproductive stage can not
be forced by different light quality given for 3
months. This assumption is supported by the
fact that additional mature Phalaenopsis plants
that just finished flowering can be forced to
initiate flowering again under control condition
in the same greenhouse area, and flowering
can be initiated within less than a month. It
seems that for Phalaenopsis, the age of plant
is important in induction of flowering. The
availability of assimilate required for flowering
possibly more in mature plant. The leaf
growth was observed in the youngest leaves
of Phalaenopsis, however, different light quality
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Figure 7. The average + SE of leaf span increment of
mature Phalaenopsis grown under different light quality
for three months (n = 6)
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Figure 8. The average relative content of gibberellin in
mature Phalaenopsis grown under different light quality
for 3 months (n=3)
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figure 9. The average relative content of cytokinin in
mature Phalaenopsis grown under different light quality
for 3 months (n=3)

used in this experiment showed no effect on
the average of leaf span increment during
three months growth of the plants (Figure 6).
Eventhough all LEDs gave relatively bright
light, the radiation energy required to promote
photosynthesis in the developing leaves of
mature plant is not sufficient. The average of
total chlorophyll contents in the fully developed
leaf of Phalaenopsis plants grown under red or
white LEDs was relatively similar to control
(ca. 11 pg/ g fresh weight). Blue LEDs caused
a slight decrease in total chlorophyll content,
but red-blue LEDs caused a slight increase in
total chlorophyll content compared to that of
the control.

For gibberellin content in the leaves,
it was shown in Figure 9. that light quality
treatments tend to increase the relative
content of gibberellin compared to that
of control. Similar finding also found for
relative cytokinin content (Figure 10), except
that under control or red LEDs, cytokinin
content was not detected, on the other hand
under white LEDs, cytokinin content was the
highest (10 ng/ g fresh weight and it is about
5-fold compared to the relative cytokinin
content in the plants grown under blue
or red-blue LEDs). As cytokinin is mainly
synthesized in the roots, this result showed
that transport of cytokinin to the leaves was
promoted by white LEDs.

Relative content of gibberellin in the
leaf and roots are of 162 ng/g FW and 1492
ng/g FW respectively, whereas relative
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cytokinin content only detected in the roots
(6.15 ng/FW). These results indicate that
during flowering of Phalaenopsis, a relatively
high gibberellin content in the roots is
required. In Arabidopsis, the relationship
between gibberellin and Flowering Locus
T (FT) has been evaluated. It was suggested
that FT protein acts as a floral signal and
that gibberellin promote flowering through
an independent pathway or by increasing
the relative expression level of FT mRNA
(Hisamatsu and King, 2008). In Miltoniopsis
orchids, gibberellin application of 2.5
mM hasten the initiation of inflorescence
during the first flowering season and it
also increased the number of inflorescence
per plant (Matsumoto and Brower, 2006).
An application of gibberellin to the roots
probably can speed up flowering time in
Phalaenopsis.

The gene(s) that regulate flowering are
commonly expressed during the transitional
phase from vegetative to reproductive stage.
The four major pathways that commonly
controlled the initiation of flowering are
photoperiode, vernalization, hormones and
autonomous regulation (Simpson et al., 1999
in Cheng and Chang, 2009). The Flowering
locus T (FT) gene plays a crucial role in
transition of vegetative phase to flowering.
In Oncidium Grower Ramsey it has been
reported that On FT mRNA was expressed
in axillarry buds, leaves, pseudobulb and
flower and that the expression was regulated
by photoperiod. The over expression of OnFT'
in transgenic Arabidopsis plants caused an
early flowering and losing inflorescence
indeterminancy (Cheng and Chang, 2009).

In this experiment, the expression of
FT-like gene in Phalaenopsis was investigated
by semi quantitative PCR. The cDNA was
synthesized from axillary bud of mature
Phalaenopsis plant that had been subjected
to different light quality, as well as from
leaf axillary bud, and flower bud+stalk of
Phalaenopsis plants that showed transition
from vegetative to reproductive and flowering
stage. It was found that FT-like gene was
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Figure 10. FT-like gene expression of Phalaenopsis
sp by RT-PCR. Lane number 1-4 are FT-like gene of
Phalaenopsis sp. grown under white, blue, red and
red-blue LEDs, respectively. Total RNA isolated from
axillary bud of Phalaenopsis sp. was used as template
to detect the expression of FT-like gene. M= marker
100 bp

expressed in the leaf axis of plants that had
been subjected to white or blue LEDs (Figure
9). This result may suggest that if the plants
were allowed to grow longer, promotion
of flower initiation in plants grown under
white or blue LEDs can be observed. The
expression of FT-like gene in Phalaenopsis
plant showing the transition of vegetative
to reproductive stage and flowering stage
were also evaluated. It was found that FT-
like gene was detected in the leaves of plant
in the transition of vegetative to reproductive
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stage, whereas in plants that already showed
flower development, FT-like gene expression
was found in flower bud + stalk (Figure 10).
This result supports the finding of On FT
mRNA expression which is higher in young
flower buds rather than mature flowers
(Cheng and Chang, 2009). In Arabidopsis it
has been shown that FT mRNA is transiently
expressed in leaf vascular tissue, and that FT
protein acts as a long distance that induce
flowering (Corbesier et al., 2010)

Conclusion

Based on the data of leaf span increments,
chlorophyll content and hormone content, it
can be inferred that the growth of Phalaenopsis
seedlings can be promoted by giving either
blue, red-blue or white LEDs. In addition,
flower initiation in Phalaenopsis can be
obtained in plants that had just finished
flowering without LEDs application. For
plants that will be forced for first flowering,
a longer duration more than three months
is required and it possibly blue or white
LEDs can act as trigger for flowering. An
application of gibberellin to roots probably
can also accelerate flowering in mature
Phalaenopsis. The expression of FT-like gene
in the leaf as well as flower bud + stalk
suggests that this gene involves in flower
regulation of Phalaenopsis.

& 7 8 9 10

Figure 11. Ubiquitin and FT-like gene expression of Phalaenopsis sp by RT-PCR. Lane number 1-4 are ubiquitin
expression of Phalaenopsis sp. grown under white, blue, red and far red lights, respectively.Total RNA isolated from
leaf (lane 7) and axillary bud (lane 8) of Phalaenopsis sp during transition from vegetative to reproductive stage, was
used as template to detect the expression of FT-like gene. Lane 9 and 10 shows leaf and flower bud+stalk FT-like
gene expression during reproductive stages, respectively. M= marker 100 bp
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