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Effect of Two Elicitors on Organogenesis in Protocorm-Like
Bodies (PLBs) of Phalaenopsis ‘Fmk02010’ Cultured In Vitro
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Abstract: The application of elicitors, which is currently the focus of research, has been considered as one of
the most effective methods  to  improve  the  synthesis  of  secondary  metabolites  in  plant  tissue  culture.
This experiment was done to see the effects of growth and development of Phalaenopsis ‘Fmk02010’ using two
elicitors: N-Acetyl-D-glucosamine(NAG) and 5-aminolevulinic acid (5-ALA). The maximum average number of
Protocorm-like bodies (PLBs) (24.3), highest shoot number (5.1) and fresh weight (0.335 g) was found from 0.1
mg/L NAG treatments. In case of 5-ALA, 0.1 mg/L 5-ALA supplementation in modified MS medium enhanced
the best formation of PLBs (20.2), whereas the highest number of shoots (4.66) highest fresh weight (0.312 g)
was found at 1mg/L compared with control.Elicitors are substances that induce protective responses in plants.
Low concentration of NAG and 5-ALA has been suggested as a new natural and environmentally friendly
regulator, which can be widely used in agriculture.
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INTRODUCTION Precursors and Biotransformation, change in environment

Phalaenopsis comprises one of the most important are compounds stimulating any type of plant defense[3].
genera of orchids in horticulture over the past century. N-acetylgulcosamine (NAG) is a monosaccharide
Plant growth regulators are widely applied to crops to derivative of glucose. They serve as the main source of
improve productivity, increase stress resistance and energy for metabolism and are used in biosynthesis[4].
regulate plant growth [1, 2]. Plant tissue cultures are and there also plays a role in structural stability and
exposed to stresses and stress combinations that they interaction with other molecules. In plants,  NAG  has
may not have encountered in nature in their long been found in bromelain, ricin agglutinin and abrus
evolution. It is a remarkable reflection on the plasticity of agglutinin. Recently,  NAG  and  its  derivates were
the plant genome that it can decipher and respond to utilized in dietary supplements and for therapeutic
novel in vitro stresses. Today various tissue culture development due to its unique characteristic. NAG is non-
techniques are used to enhance yield of secondary toxic supporting the essential safety issue. With this
metabolites by trigger stress response like using Elicitors, reason,  these  chemicals  were  used  to  see  its  effect on

conditions, change in medium constituents etc. Elicitors
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organogenesis of Phalaenopsis. Another elicitor,5- JAPAN) with plastic caps were used, each bottle
aminolevulinic acid (ALA), is a key precursor in the receiving 30 ml of medium. In this study, modified MS
biosynthesis of porphyrins such as chlorophyll and heme medium supplemented with various concentrations of
[5].ALA is synthesized from glutamatein ,a reaction NAG or Marine Sweat (Yaizu Suisan, Japan) and 5-ALA
involving a glutamyl-tRNA intermediate and requires ATP at 0, 0.01, 0.1, 1.0 and 10.0mg/L. Five PLBs explants were
and NADPH as cofactors; its formation is the rate-limiting put in each culture vessel and three culture vessels were
step in chlorophyll biosynthesis[5]. ALA increases the used for each treatment.
yield of garlic,barley, rice and potato plants by enhancing
their photosynthetic capacity and plant biomass [6]. ALA Data Collection: The numbers of PLBs, the numbers of
is also known to be effective in improving plant growth shoots, the percentage of PLBs, the percentage of shoot
and crop yields, as well as carbon and nitrogen and fresh weight of PLBs were recorded after 6 weeks of
assimilation [7] and is involved in regulating plant growth culture. The experiment was a completely randomized
and developmental processes [1, 2, 8, 9]. ALA treatment design with 3 replications and each replicate contained 5
increases chlorophyll content, photosynthesis and leaf PLBs. Data were statistically analyzed by calculating
soluble sugar content of Ginkgo biloba [10]. Exogenous standard error of the means (means ± SE) 
ALA can enhance the quality of some medicinal plants
[10, 11]  and enhance the photosynthetic rate, chlorophyll RESULTS
content andyield of lettuce [12]. ALA has been proposed
as a novel natural and environmentally friendly regulator Effect N-acetylglucosamine (NAG) on the growth and
that is widely used in agriculture [13]. This compound
appears to act as a hormone like plant growth regulator
and is effective at relatively low concentrations [11].
However, whether it can be used in orchid plants such as
Phalaenopsis has not been reported. Phalaenopsis spp.
comprises one of the most popular potted plant orchids in
Japan. The majority of Phalaenopsis spp. are
commercially produced using tissue culture methods.
Considering its high potential in the ornamental market,
are liable propagation method for large-scale production
is important for its commercialization. 

To date, there has a few report of NAG act as a plant
growth stimulator in some plant species including in
orchid species [14, 16]. Therefore, the objective of this
section was investigated the effect of various
concentration of N-acetyl-D-glucosamine and 5-ALA on
organogenesis of Phalaenopsis in vitro culture. 

MATERIALS AND METHODS

Plant Materials and Culture Conditionsp: The
Phalaenopsis‘Fmk02010’ was used in this work.
Protocorm-like bodies (PLBs) derived from meristem
cultures of these cultivars were subcultured every two
months on modified Murashige & Skoog [17] medium
supplement with 412.5 mg /Lammonium nitrate, 950 mg/L
potassium nitrate, 20 g/L sucrose and 2.2 g/L Phytagel
(Sigma). Modified MS medium was adjusted to pH 5.5- 5.8
with 1 mM 2-(N-morpholino) ethanesulfonic acid sodium
salts (MES-Na) before autoclaving at 121 °C for 15 min at
1.5 Kgf cm . 250 ml of UM culture bottles (AsOne,2

development of PLBs in Phalaenopsis: The effects of
different concentration of NAG on growth and
development of PLBs and shoot induction in vitro of
Phalaenopsis are shown in Table 1. However, modified
MS medium containing 0.1 mg/L NAG was higher
effective increased number of PLBs as well as in the
percentage of PLBs formation, on which 100%, an average
24.3 PLBs per explants. Meanwhile, supplementation with
0.1 mg/L NAG increased the highest number of shoots
(5.1 shoots per explant). This concentration was also
found  increased  the  maximum fresh weight of PLBs
(0.335 g FW).

Fig. 1, showed that 100% PLBs formation rate were
found at low concentration of NAG while maximum
percentage of shoots formation (93.3%) was found at
concentration 0.1mg/L NAG.The result also showed that
NAG at concentration higher than 0.1 mg/L caused
decreasing PLBs formation in Phalaenopsis ‘Fmk02010’.

Effect of 5-Aminolevulinic Acid on organogenesis of
PLBs in Phalaenopsis: The effects of elicitors (5-ALA)
on organogenesis of Phalaenopsis were conducted in
this study which was added with modified MS medium in
PLBs culture. In Phalaenopsis, 0.1 mg/L 5-ALA
supplementation in modified MS medium enhanced the
best formation of PLBs (20.2); 1 mg/L 5-ALA induced
highest formation of shoots (4.66) and produced highest
fresh weight (0.322 g). These results suggested that low
concentrations of 5-ALA added with culture medium
enhance PLBs, shoots formation compare with control
treatment.
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Fig. 1: Effects of NAG on PLBs and Shoot formation rate (%) in Phalaenopsis ‘Fmk02010’
Percentage of PLBs/ shoot formation (%) = [(Number of cultured explants with new PLBs or shoot) / (Total
number of cultured explants)] x 100

Fig. 2: Effect of 5-ALA on percentage of PLBs and Shoots in Phalaenopsis ‘Fmk02010’

Table 1: Effect of NAG on organogenesis of PLBs in Phalaenopsis
NAG (mg/L)  PLB number Shoot number Fresh weight (g)
Control 11.1±0.6 2.5±0.1 0.257±0.01
0.01 13.2±0.6 3.4±0.2 0.262±0.01
0.1 24.3±0.5 5.1±0.2 0.335±0.01
1 12.5±0.6 4.9±0.2 0.236±0.01
10 12.3±0.5 3.8±0.2 0.297±0.00
Data were statistically analyzed by calculating standard error of the means
(means ± SE) 
Average number = Number of cultured explants with new PLBs or shoot /
Total number of cultured explants

Table 2: Effect of 5-Aminolevulinic Acid on organogenesis of PLBs in
Phalaenopsis

5-ALA Average Average Fresh
(mg/L) number of PLB number of shoots weight (g) 0.1 mg/L NAG was a suitable concentration used to
0 9.6±0.6 0.93±0.2 0.286±0.01
0.01 10.7±0.5 2.26±0.2 0.297±0.01
0.1 20.2±0.5 1.06±0.1 0.117±0.01
1 10.7±0.4 4.66±0.1 0.322±0.01
10 9.1±0.7 1.13±0.1 0.236±0.01
Data were statistically analyzed by calculating standard error of the means
(means ± SE) 

DISCUSSION

Present study investigated the effects of two
biopolymer elicitors including NAG and 5-ALA on PLB
and shootformation of Phalaenopsis. N-acetyl-D-
glucosamine (NAG) has been found in bromelain, ricin
agglutinin and abrus agglutinin in plant [18, 19, 20] and
NAG also play a role in plant organogenesis and
invertebrate embryogenesis [21]. In the present study, it
was found that NAG at each concentration had a little or
no enhance the growth and develop PLBs. Nahar et. al.
[16] reported that modified MS media supplemented with

induce both the highest PLBs formation and shoot
formation of Cymbidium and the highest root formation
was observed at medium containing 1 mg/L NAG. While,
Keawjampa N. et al. [15] found the effect of NAG on the
growth of PLBs and shoot formation of Epidendrum
Rouge  Star   ‘No.8’.   The   highest   percentage   of  PLBs
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formation was found at 1 mg l  and 10 mg/L NAG and 4. Alvarez-Anorve,     L.I.,       M.L.      Calcagno     and1

percentage of shoot formation was highest at
concentration of 10 mg /L NAG. On the other hand, ALA
is a potential plant growth regulator in stress conditions,
being an essential biosynthetic precursor of tetrapyrrole
compounds such as heme, cytochromes and chlorophyll
[22]. In plants ALA is synthesized from glutamate in a
reaction involving a glutamyl-tRNA intermediate and
requiring ATP and NADPH as cofactors; its formation is
the rate limiting step in chlorophyll biosynthesis [23].
(ALA is found in all plants and its concentration is
regulated at low concentrations (60 mol) in vivo [22].
Same results found in our present study. Unfortunately,
commercial ALA is too expensive for many common
agricultural applications. Recently it was found that low
concentrations of ALA had a promotive effect on growth
and yield of several crops and vegetables [1, 9, 22].
During 42 days of culture, there was no malformation
observed in regenerated shoots. High concentration of
exogenous ALA can be used as non-polluting, non-
residual photosensitive herbicides; in low concentration,
it can regulate plant growth and development, increase
productivity and enhance plant resistance [1].

CONCLUSION

Micropropagation of plants has become a significant
technique to reproduce and make the availability of
orchids that is otherwise difficult to propagate
traditionally by seed or vegetative. This study showed
that the choosing an appropriate of concentration of
these elicitors. NAG and 5-ALA was effective on traits of
organogenesis of Phalaenopsis and on the basis of
results concluded that low concentrations  of  NAG  and
5-ALA were more effective to promote the organogenesis
in PLB cultures of Phalaenopsis ‘Fmk02010’.
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