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5-aminolevulinic acid (5-ALA) has been suggested to be a new natural and
environmental friendly regulator, which can be widely used in agriculture. The
present study was undertaken to investigate the effect of 5-aminolevulinic acid
on organogenesis of Cymbidium dayanum in vitro under white fluorescent tube.
PLBs of Cymbidium dayanum were cultured on the modified MS supplemented
with 5-ALA at various concentrations (0, 0.1, 1 and 10 mg/l). The addition of 5-
ALA in the growth media, showed that 1 mg/l of 5-ALA significantly enhanced
the formation of PLB (87%), shoot (73%) and root (47%) to the maximum within
50 days of culture; whereas in the control formation of PLB, shoot and root was
the lowest. The result of the present study shown clearly that 5-ALA added to
the culture media, acts as a plant growth stimulator to induce PLB, shoot- and
root formation of Cymbidium dayanum.

Plant growth regulators (PGRs) are organic compounds, other than nutrients,
that modify plant physiological processes. PGRs, called biostimulants or
bioinhibitors, act inside plant cells to stimulate or inhibit specific enzymes or
enzyme systems and help regulate plant metabolism. Aminolevulinic acid (5-
ALA) is a key precursor in the biosynthesis of porphyrins such as chlorophyll
and heme. ALA has been suggested to be a new natural and environmental
friendly regulator, which can be widely used in agriculture (Wang et al. 2004).
ALA application increased the yield of garlic, barely, rice and potato plants by
significantly enhancing their photosynthetic capacity and plant biomass (Tanaka
et al. 1992). Recently, ALA has been shown to be involved in PLB culture of
Cymbidium insigne and Cymbidium finlaysonianum (Nahar and Shimasaki 2014).
There are several reports on tissue culture of different species of Cymbidium
orchids but the organogenesis of C. dayanum has been very less documented in
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the literature. In such a situation, the objective of this study was to investigate
the effects of ALA application on in vitro regulation of protocorm-like bodies
(PLBs) of Cymbidium dayanum.

Approximately 5 mm long PLBs derived from proliferated meristem cultures
of Cymbidium dayanum were cultured in modified MS (Shimasaki and Uemoto
1990). Such PLBs were used as explants. MS with 412.5 mg/l ammonium nitrate,
950 mg/l potassium nitrate, 20 g/l sucrose and 2 g/l Phytagel (Sigma) was
adjusted to pH 5.5 - 5.8 before autoclaving. Aminolevulinic acid (5 ALA- Cosmo
oil Co., Ltd., Japan) at various concentrations (0, 0.1, 1 and 10 mg/l) were added
to culture media before sterilization. Jars of 250 ml (UM culture bottle, As one,
Japan) with plastic caps containing 30 ml of medium were used for culture
vessels. Five explants were put in each culture vessel and three culture vessels
were used for each treatment. All cultures were maintained at 25°C, a 16 hrs
photoperiod under white fluorescent tube (with irradiance of 54 umol m?/s) for
50 days. The data were analyzed using a one-way analysis variance (ANOVA)
and differences between means were tested using Turkey’s honestly significant
different test (p < 0.05).

ALA significantly enhanced PLB and shoot formation within 50 days of
culture of C. dayanum as shown in Table 1. The maximum fresh weight (174.3 mg)
of PLBs, the highest PLB formation rate (87%), and the highest average number
of PLBs was (6.6 PLBs/explant) were observed in explants cultured in the
medium supplemented with 1 mg/l ALA, whereas in the control the fresh weight

Table 1. Effect of aminolevulinic acid (5-ALA) on PLB culture of Cymbidium dayanum
after 50 days under white fluorescent tube.

ALA PLB Shoot Root
(mg/1) No./explant Rate = FW No./explant ~ Rate  No./explant Rate
Control 3.3+1.4ab 53 109.2a 0.5+0.8b 20 0.2+0.2a 20
0.1 45+1.8ab 60 120.0a 1.0+0.5b 47 0.7 +0.4a 40

1 6.6t14a 87 1743a 23=+0.6a 73 1.1+0.5a 47
10 20+0.6b 67 100.5a 0.6 +0.6b 53 0.5+04a 27

*Value represents means + SE followed by the different letters show significant differences
by Turkey HSD test (p < 0.05).

of PLBs was 109.2 mg, the rate of PLB formation being 53%, with an average of
3.3 PLBs/explant after 50 days of culture (Fig. 1). The highest number of shoots
(2.3 shoots/explant) and the highest shoot proliferation rate (73%) were observed
in the medium supplemented with 1 mg/l ALA compared to the control (0.5
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shoots/explant). In the application of 5-ALA, there was no significant difference
between observed fresh weight and root formation. The highest root formation
(47%) and the highest number of roots (1.1 roots/explant) were obtained at 1 mg/1
ALA, compared to the control where there was 20% root formation and the
number of roots was 0.2 roots/explant.

Fig. 1. The effect of 5-ALA with modified MS on organogenesis on PLB culture of
Cymbidium dayanum in vitro. A: Control. B: 1 mg/l 5-ALA. (Bars = 10 mm).

ALA appears to have a potential as a non-toxic endogenous substance for
improving agricultural production. Studies have shown that ALA is not simply
an intermediate step in the metabolism in plants. 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 (Watanabe et al. 2000). Xu
et al. (2010) suggested that the application of ALA at low concentrations can
increase growth of Kudzu through increased photosynthetic rate. Nahar and
Shimasaki (2014) reported that very low concentrations of ALA supplementation
in culture media enhanced the formation of PLBs and shoots of Cymbidium
species to the maximum. In Cymbidium insigne, 100% new PLBs formation a
higher number of PLBs (7.9 PLBs/explants) indicated that in the medium 1 mgy/1
ALA is the optimum concentration. Similarly, the present study confirmed that
1 mg/l ALA had significant effect on PLB, shoot and root formation of Cymbidium
dayanum within 50 days of culture. In recent years, application of low
concentrations of exogenous ALA has been found to promote plant growth,
development and responses to environmental stresses (Roy and Vivekanandan
1998), such as crop productivity (Hotta et al. 1997), stress tolerance (Naeem et al.
2011, Liu et al. 2011). The results of such studies showed that the effect of ALA
greatly depended on its concentration.



102 Nabhar et al.

The results of present study have shown that ALA has the ability to stimulate
PLBs proliferation of Cymbidium in vitro. During 50 days of culture, there was no
malformation observed in the regenerated shoots. The mechanisms by which
ALA elicits plant growth not yet understood fully. A more detailed examination
is required.
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