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Abstract: Light is one of the most important environmental factors which affecting growth and development
of tissue cultures of plant species. The effects of different light on in vitro induction and proliferation of
Cymbidium finlaysonianum protocorm-like bodies (PLBs) were investigated. Hyaluronic acid (HA9) and
chitosan (Chitosan H) used as a plant growth regulator in PLBs culture of C. finlaysonianum under different
quality of lights (white fluorescent tube, blue LED and green LED). Hyaluronan or hyaluronic acid (HA) is
readily incorporated into the extra-cellular matrix where it promotes interactions between the various molecular
species which compose the ground substance. Chitosan is one of the most common natural polymers; has been
applied to various areas including agriculture and has been shown to affect many plant responses. Results of
this study, new PLB and shoot were successfully regenerated on modified MS medium supplemented with
chitosan and HA treatment under different lights. The highest PLB formation rate (100%) and shoot formation
rate (67%) were found amongst explants cultured on medium supplemented with 1 mg/l HA and 0.1 mg/l HA
under green light respectively. The average number of PLBs (27.7) was higher under green light at HA (1 mg/l)
treatment. Our study results suggest that green light can play the most important roles in Cymbidium tissue
culture comparatively three sources of light. Additions of hyaluronic acid increase the induction of PLB and
shoot formation under green light on Cymbidium finlaysonianum in vitro.
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INTRODUCTION light source used in vitro culture is fluorescent white

Cymbidium is rapidly turning into a model orchid, if light source for space-based plant growth chambers and
not a model plant, at least for in vitro studies due_@to bioregenerative life support because of their small mass
the fine-scale nature of experiments conducted on this and volume, solid-state construction, superior safety and
genus [1]. C. finlaysonianum is an epiphytic orchid. It is longevity [3, 4]. For horticultural researchers and crop
also known as CAM plants. Generally, CAM plants are producers to benefit from LED use, a variety of
slow growing plants that sometimes have limited preliminary findings should be considered. In past
reproductive capacities and often have very specific and studies, a mixture of red plus blue light has been shown to
limited conditions for flowering. One alternative is to improve the production of good quality Doritaenopsis
propagate them by tissue culture, which allows for a rapid plants, wheat plants and Withania somnifera plantlets
and continuous production of plants. Plants are able to [5, 6, 7]. Red and blue light are thought to play the most
modify their growth, development and physiology important roles in tissue culture [8, 9]. In C. insigne the
according to a variable environment. Light has a profound shoot formation rate of explants treated with the red film
effect on plant growth and development. Plants react to tended to be higher than that of the control but the red
light mainly via photosynthetic, photomorphogenetic and flim and/or plant growth regulators could not induce
phototropic response. These responses depend on the organogenesis in C. finlaysonianum [10]. However, the
photon flux density (PFD), light quality and photoperiod effects of different sources of light on the growth of
[2]. To considerable interest for general plant C. finlaysonianum in vitro using chitosan and hyaluronic
photophysiology, light quality is of commercial acid as a plant growth regulator have not been so far
importance for plant cultivation in vitro. The traditional studied.

light. Light-emitting diodes (LEDs) are a promising electric



Number of cultured explants with new PLBs/shootAverage number = 
Total number of cultured explants

Number of cultured explants with new PLBs/shoot X 100Percentage of formation = 
Total number of cultured explants
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Hyaluronan (HA) is a major macromolecular Data Analysis: Experimental data were collected after
polysaccharide component of the extra-cellular matrix that 8 weeks of culture by counting the number of PLB and
confers structural framework for cells [11]. HA also has shoot; percentage of PLB and shoot formation and the
been reported in various agricultural applications [12]. fresh weight of PLB were measured. The data was
In our earlier papers, we showed that green light with low analyzed to a one-way analysis variance (ANOVA) and
concentrations of polysaccharides could promote PLBs, differences between means were tested using Turkey’s
shoot and root formation in C. insigne [13, 14]. honestly significant different test (P 0.05).

Chitosan is one of the most common natural
polymers, comprising of N-acetylglucosamine and
glucosamine. Chitosan has been applied to various areas
including agriculture and has been shown to affect many
plant responses [15]. There are many reports have shown
the applications of chitosan in vitro orchid production
[13, 15, 16, 17]. The present study described the analysis RESULT
of organogenesis of Cymbidium finlaysonianum PLBs,
which were cultured in vitro under different sources of Effect of Hyaluronic Acid (HA9) and Chitosan
lights using chitosan (chitosan H) and hyaluronic acid (Chitosan H) on Organogenesis of PLBs Culture of
(HA9) as a potential plant growth regulator. C. finlaysonianum Under Green LED: The growth

MATERIALS AND METHODS

Plant Materials and Culture Conditions: Protocorm-like
bodies (PLBs) of C. finlaysonianum were proliferated in
the modified Murashige and Skoog [18] medium by
transferred new medium every two months. After excision
of PLB (ca. 3 mm in diameter) into pieces, they were used
for explants. MS medium with 412.5 mg/l ammonium
nitrate, 950 mg/l potassium nitrate, 20 g/l sucrose and 2 g/l
Phytagel (Sigma) were used. The pH of the medium was
adjusted 5.5- 5.8 using 0.1mM 2-(N-morpholino)
ethanesulfonic acid sodium salt (MES-Na) before
autoclaved at 121°C for 15 min. Chitosan (Chitosan H-
Kimica Co., Japan) and hyaluronic acid (HA 9- Shiseido,
Japan) at concentrations of 0, 0.1 and 1 mg/l, were added
to culture media before sterilization. Jars of 250 ml
(UM culture bottle, As one, Japan) with plastic caps were
used, each bottle receiving 30 ml of medium. Five explants
were placed in each culture vessel and three culture
vessels were used for each treatment.

Light Treatments: The cultures of in vitro plantlets were
illuminated using different light conditions of photon flux
density (PFD) of 50 µmole m s . Three sources of2 1

light were used: white fluorescent tube (National FL20SS),
blue LED (Jefcom, P18W-E1701-B, peak wavelength:
450 nm) and green LED (Jefcom, P18W-E1701-G, peak
wavelength: 510 nm). The plantlets were exposed to a
16 h photoperiod for 8 weeks.

and development of protocorm-like bodies of
C. finlaysonianum were significantly affected by
hyaluronic acid (HA9) and chitosan (Chitosan H)
treatments in vitro under green light (Table 1 and Fig. 1).
Increases of PLB and shoot formation, number of PLB and
shoot, fresh weight were greatest HA with modified MS
medium. The highest percentage of PLB formation rate
100% was observed when medium containing HA 1 mg/l
after 8 weeks of culture. The order of increase in the
average number of PLB under green light was as follows:
HA 1 mg/l > HA 0.1 mg/l > chitosan 1 mg/l > control >
chitosan 0.1 mg/l. The highest shoot formation 67% and
the highest number of shoot (1.7) were found on the
medium supplemented with 1 mg/l HA whereas control
treatment had 47% shoot formation and 1.3 numbers of
shoots under green light. Maximum fresh weight (395.4
mg) of PLBs was found in culture media with 1 mg/l HA.
Comparatively, lowest growth rate of PLB, shoot and
fresh weight were found modified MS medium with
chitosan treatments under green light.

Effect of Hyaluronic Acid (HA9) and Chitosan
(Chitosan H) on Organogenesis of PLBs Culture of
C. finlaysonianum Under White Fluorescent Tube: The
significant effect of hyaluronic acid (HA9) and chitosan
(Chitosan H) on in vitro growth and development of
protocorm-like bodies of C. finlaysonianum under white
fluorescent tube were shown in Table 2 and Fig. 2.
Application of two polysaccharides (Chitosan H and
HA9) in C. finlaysonianum growing media, the results
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Table 1: Effect of hyaluronic acid (HA9) and chitosan (Chitosan H) at different concentrations on in vitro PLBs and shootlets formation of Cymbidium

finlaysonianum under green LED for 8 weeks

PLB Shoot

---------------------------------------------- --------------------------------------------

Treatment (mg/l) No./explant Rate (%) No./explant Rate (%) Fresh weight

Control 20.5 ± 3.1 abc 93 1.3 ± 0.7 ab 47 275.7 ± 33.2 abc

Chi 0.1 11.8 ± 2.4 c 87 0.5 ± 0.3 ab 40 128.7 ± 24.2 d

Chi 1 21.0 ± 4.0 abc 80 0.4 ± 0.6 b 20 231.5 ± 47.3 bcd

HA0.1 26.1 ± 4.0 ab 93 1.7 ± 0.7 a 67 348.3 ± 46.0 ab

HA1 27.7 ± 2.8 b 100 0.8 ± 0.4 ab 47 395.4± 14.9 a

*Values represent means±SE followed by the different letters show significant differences by Turkey HSD test (p 0.05).

Table 2: Effect of hyaluronic acid (HA9) and chitosan (Chitosan H) at different concentrations on in vitro PLBs and shootlets formation of Cymbidium

finlaysonianum under white fluorescent tube for 8 weeks

PLB Shoot

---------------------------------------------- ----------------------------------------------

Treatment (mg/l) No./explant Rate (%) No./explant Rate (%) Fresh weight

Control 8.3 ± 3.0 b 53 0.6 ± 0.6 b 27 159.3 ± 36.8 b

Chi 0.1 22.9 ± 5.7 a 87 3.0 ± 1.0 a 60 490.3 ± 114.6 a

Chi 1 19.2 ± 3.8 ab 80 1.3 ± 0.7 ab 40 300.1 ± 49.1 ab

HA0.1 10.1 ± 2.2 b 73 1.0 ± 1.0 b 27 209.4 ± 43.9 b

HA1 18.4 ± 3.2 ab 87 0.7 ± 0.7 b 27 269.9 ± 59.9 ab

*Values represent means±SE followed by the different letters show significant differences by Turkey HSD test (p 0.05).

Table 3: Effect of hyaluronic acid (HA9) and chitosan (Chitosan H) at different concentrations on in vitro PLBs and shootlets formation of Cymbidium

finlaysonianum under blue LED for 8 weeks

PLB Shoot

---------------------------------------------- ----------------------------------------------

Treatment (mg/l) No./explant Rate (%) No./explant Rate (%) Fresh weight

Control 15.2 ± 2.7 a 80 0.7 ± 0.5 a 33 193.7 ± 28.2 a

Chi 0.1 16.1 ± 2.1 a 93 0.6 ± 0.5 a 33 187.1 ± 27.1 a

Chi 1 17.5 ± 2.9 a 87 0.7 ± 0.4 a 47 211.3 ± 31.5 a

HA0.1 14.4 ± 3.8 a 73 0.3 ± 0.4 a 20 133.0 ± 27.2 a

HA1 19.4 ± 4.1 a 67 0.4 ± 0.5 a 20 186.9 ± 36.2 a

*Values represent means±SE followed by the different letters show significant differences by Turkey HSD test (p 0.05)

Fig. 1: Effects of hyaluronic acid and chitosan on organogenesis of Cymbidium finlaysonianum under green LED. A:
control; B: chitosan 0.1 mg/l; C: chitosan 1 mg/l; D: HA 0.1 mg/l; E: HA 1 mg/l
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Fig. 2: Effects of of hyaluronic acid and chitosan on organogenesis of Cymbidium finlaysonianum under white
fluorescent tube light. A: control; B & C: chitosan 0.1 mg/l; D: chitosan 1 mg/l; E HA 0.1 mg/l; F: HA mg/l

Fig. 3: Effect of hyaluronic acid and chitosan on organogenesis of Cymbidium finlaysonianum under blue LED. A:
control; B: chitosan 0.1 mg/l; C: chitosan 1 mg/l; D: HA 0.1 mg/l; E: HA 1 mg/l

indicated that both polysaccharides significantly C. finlaysonianum under blue light were shown in
enhanced the better formation of PLB and shoot Table 3 and Fig. 3. There was no significance
compared with control treatment. The highest percentage difference found by the application of chitosan and HA in
of PLB formation rate of 87% was observed at the medium C. finlaysonianum growing media. The highest
containing chitosan 0.1 mg/l and HA 1 mg/l whereas percentage of PLB formation rate (93%) and shoot
control treatment showed 53% PLB formation within 8 formation rate (47%) was observed at the medium
weeks of culture. As shown in Table 2, the order of containing chitosan 0.1 mg/l and chitosan 1 mg/l
increase in the average number of PLB under white respectively with modified MS medium. The addition of 1
fluorescent tube was as follows: chitosan 0.1 mg/l > mg/l HA to modified MS medium enhanced the maximum
chitosan 1 mg/l > HA 1 mg/l > HA 0.1 mg/l > control. The number of PLB (19.4). The highest shoot formation 47%
highest shoot formation 60% and the average number of and the highest number of shoot (0.7) were found on the
shoot was 3.0 shoot/explants whereas control treatment medium supplemented with 1 mg/l chitosan under blue
showed 27% and 0.6 numbers of shoot/explants; the light.
greatest number and the greatest formation of shoot was
found on the medium supplemented with 0.1 mg/l chitosan DISCUSSION
under white fluorescent tube.

Effect of Hyaluronic Acid (HA9) and Chitosan productivity of ornamental and food specialty crop
(Chitosan H) on Organogenesis of PLBs Culture of species. For horticultural researchers and crop producers
C. finlaysonianum Under Blue LED: In vitro to benefit from LED use, a variety of preliminary findings
growth and development of protocorm-like bodies of

Light quality plays a major role in the appearance and

should be considered. Orchid PLBs cultured under red
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spectra showed the lowest differentiation rate, while using were the most effective light source for inducing callus
blue spectra resulted in the highest differentiation rate in tissue from PLBs [9], but this study shown the results that
cultures of Oncidium and D. officinale in vitro [19, 20]. green LED had good effects on new PLB and shoot
In Cymbidium orchid cultures, a mixture of red plus blue formation. In this study, the highest number of shoots
light alone, enhanced both plant growth and development and the maximum fresh weight observed under white light
by increasing the net photosynthesis [9]. Kaewjampa et with chitosan H treatment (0.1 mg/l with modified MS
al. [21] reported that red lighting with interval green media). Similar results were obtained in C. insigne,
lighting enhances PLBs growth and development more average number of PLB, formation rate of PLB, shoot and
than under red light alone in Cymbidium Waltz ‘Idol’. root were highest under green light treatments but shoot
The red spectrum emanating from red fluorescent films number was higher under white light treatments [13, 14].
increased the proliferation and number of PLBs of White light contains a green component, so at any given
C. finlaysonianum [10]. In this study, green light with HA fluencies rate the added green is present [27]. In the 1960s
acid were significantly affected to induce organogenesis Klein and colleagues reported that conspicuous
in C. finlaysonianum. Blue light therefore appear to phenotypes could be observed when plants were grown
provide the best light conditions for promoting shooting in environments with depleted or supplemental green
by PLBs of D. officinale [20], Chrysanthemum [22] but in light. Klein tested the action spectrum of growth
this study, no significant differences found by HA and inhibition and found that the most deleterious light
chitosan H treatments under blue light. Under white quality was green light [28]. According to this study, in
fluorescent tube chitosan H (0.1 mg/l) induced the control (growth regulator free), the maximum number of
maximum PLB and shoot formation compare with control PLBs and shoots (20.5, 1.3 respectively), the maximum
treatment. Plant growth regulators widely applied to crops fresh weight (275.5 mg) and the highest formation of PLB
as a means of improving productivity, increasing stress and shoot (93%, 47% respectively) were found under
resistance and regulating plant growth [23]. Recently green light. Compare with three different sources of lights,
hyaluronic acid and chitosan has been reported to act as lowest formation rate found under white fluorescent tube
plant growth regulators and considered to elicit the (in control). Green light establishes an active phy pool
induction of plant defense mechanisms in orchid and and even the most miniscule ‘safelight’ green light
many other plants [12, 13, 17, 24, 25, 26]. The findings of treatments activate robust plant responses [29, 30].
Nahar et al. [13] revealed that in C. insigne the highest Plant development and physiology are strongly
PLB and shoot formation (90%) were found amongst influenced by the light spectrum of the growth
explants cultured on medium supplemented with 0.1 mg/l environment such as phototropism, photo-
chitosan H under green light. In this study, we detected morphogenesis, stomatal opening and leaf photosynthetic
that in C. finlaysonianum HA with green light had good functioning [31]. Red LEDs emit a narrow spectrum of
effects for PLB and shoot formation. Application of light (660 nm) that is close to the maximum absorbance for
polysaccharides in C. finlaysonianum under blue light both chlorophyll and phytochromes. Although red light
and white fluorescent tube- the chitosan had good effects components have a great potential for use as a light
on PLB and shoot formation, maximum average number of source to drive photosynthesis, plants are adapted to
PLB and shoot and also the maximum fresh weight when utilize a wide-spectrum of light to control photosynthesis
compared to control treatment. Under green light the HA [32]. The stomata are important channels for the exchange
had good effects on PLB and shoot formation, maximum of water and gases with external environmental
average number of PLB and shoot and also the maximum conditions. Light influences stomata conductivity and
fresh weight when compared to control treatment. Overall, proton motive forces [33]. The development of stomata
the effect of elicitors on cell growth is dependent on has been related to light intensity [34]. Spectral quality of
elicitors, used concentrations or conditions, plant LEDs can have dramatic effects on crop anatomy and
species; the stage when the elicitor is applied etc. morphology as well as nutrient uptake and pathogen
Now, LEDs have drawn considerable interest as an development. Work at NASA’s Kennedy Space Center
alternative light source for in vitro propagation. In this has focused that the effect of LED lighting on the healthy
study, we showed that green light with low growth of cells. Exposing cells to specific wavelengths of
concentrations of HA could promote maximum PLB light have unique effects on a cell’s organelles. Different
(100%) and shoot (67%) formation in C. finlaysonianum. wavelengths have different effects on the cells. Biologists
Another studies in Cymbidium orchid cultures, red lights have found that when cells are exposed to near-infrared
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light from LEDs, the cells grow 150 to 200 percent faster 7. Lee, S.H., R.K. Tewari, E.J. Hahn and K.Y. Pack, 2007.
than those cells not exposed to the same kind of light. Photon flux and light quality induce changes in
Specific wavelengths may speed up the healing process growth, stomatal development, photosynthesis and
or help prevent bone loss on long space flights [35]. transpiration of Withania somnifera (L.) Dunal.

Plantlets. Plant Cell Tissue and Organ Culture,
CONCLUSION 90: 141-151.

According to this study, special attention has been quality on induction and growth of MM106 apple
paid to the influence of green LED with hyaluronic acid; callus cultures. Advances in Horticultural Science,
recent evidence shows that green light has discrete 16: 47-52.
effects on plant biology and the mechanisms that sense 9. Huan, L.V.T. and M. Tanaka, 2004. Effects of red and
this light quality are now being elucidated. Generally, the blue light-emitting diodes on callus induction, callus
effects of green light oppose those directed by red and proliferation and protocorm-like body formation from
blue wavebands and bacterial fermentation methods for callus in Cymbidium orchid. Environmental Control
large-scale economic production of HA have been well in Biology, 42: 57-64.
standardized as HA is of used in medical and cosmetic 10. Hamada, K., K. Shimassaki, Y. Nishimura, H. Egawa
industry extensively. The relevance of green light and K. Yoshida, 2009. Effects of red fluorescent films
responses with hyaluronic acid is predicated on the on the proliferation of Cymbidium finlaysonianum
assumption that there are contexts where a plant may Lindl. PLB cultured in vitro. Horticulture,
encounter enriched green conditions. Such states abound Environment and Biotechnology, 50: 319-323.
in the natural environment. 11. Itano, N., 2008. Simple primary structure, complex
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