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Abstract

Orchids are one of the most popular flowers in the world and Phalaenopsis genus shares maximum sales in global floral industry among
them. Successful pollination, followed by capsule formation and i vitro seed germination, is a powerful tool for mass propagation of
orchids. In the present study, flowers of Phalaenopsis cv. ‘Dublin’ were self-pollinated artificially during the months of November,
December, January, February, March and April. The influence of pollination month over capsule formation was assessed and it was
observed that pollination during December resulted as maximum with 86% capsule formation, followed by 72% during January. However,
only 40% successful capsule formation occurred following pollination during April. Seeds from mature capsules developed through artificial
pollination in different months were cultured on three different culture media (modified Chen, %Murashige Skoog and Vacin-Went
medium) for i vitro germination. A maximum of 97% germination of seeds (collected from capsules developed through pollination in
January) was recorded on modified Chen medium. Nevertheless, the carliest initiation of germination occurred around 12 days of culture
when seeds were harvested from capsules (derived through pollination in December) and inoculated on modified Chen medium. The
plantets developed following germination were rooted on %2MS supplemented with 2.5 g/l activated charcoal. Subsequently, well-rooted
plantlets were acclimatized on potting mixture that contained cocopeat, charcoal, industrial cartridge and the bites of yonolit (1:1:2:4; /)

with a very high rate of success. A seed culture protocol that crops a bulk number of scedlings in a short time span is advantageous and the

present report eventually provides such simple yet proficient method that can be further tested.
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Introduction

Phalaenopsis orchids, owing to large, colorful and
adaptable flowers, are highly valued as potted and cut flowers
in global flower industry (Batchelor, 1982). Phalaenopsis
hybrids are the outcome of intensive breeding of plants
having growing ornamental importance. In the commercial
arena of horticulture, Phalaenopsis hybrids have ascertained
their merit being the most profitable orchid’s hybrids with
their array of variable colour of inflorescence accompanied by
their adaptableness to regular room environment. As
reviewed by Lesar ez al. (2012), the Royal Horticultural
Society, International Cultivar Registration Authority for
Orchid Hybrids registered 643 new varieties in 2010, which
otherwise means that there are altogether just about 45,000
varieties of Phalaenopsis.

Propagation via seed germination denotes the
fundamental adept approach for orchid breeding (Stewart
and Kane, 2006). Nevertheless, orchid seeds carry
undeveloped endosperm (Prutsch ez al., 2000) and they are
obligatorily symbiotic with some kinds of fungj, for naturally

germination. Orchid seeds can also be germinated well in a
culture medium devoid of mycorrhizal fungl. Ir vitro seed
germination of commercially imperative orchid hybrids has been
considered as an efficient method for large-scale propagation. 17z
vitro seed germination protocols have been established for
numerous orchid species and hybrids since Knudson (1946) first
introduced it. Furthermore, asymbiotic germination has been
proven to be an ideal system to study physiological effects of
photoperiod, temperature, mineral nutrition and medium on
germination and subsequent development (Adritti and Ernst,
1993). Even more, i vitro sced germination and seedling
developmental stages were reported to be influenced by
asymbiotic germination media (Pongener and Deb, 2009);
although many of these media have only minor differences in
composition, growth and development of species may be
significantly affected. Besides photoperiod and basal media, other
factor like seeds age, organic carbon concentration, nitrogen level
and plant growth regulators have also shown marked effects on
seed germination (Deb, 2006).

Few reports are attainable on seed germination of

Phalaenopsis (Mweetwa et al., 2008; Balilashaki ez 4., 2015)
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Fig. 1. Pollination, post-pollination capsule formation and asymbiotic seed germination in Phalaenopsis cv. ‘Dublin’; a) pollinated

flower, b) post-pollination development of capsule, ¢) seed germination on Chen medium, d) seed germination on Vacin-Went

medium, e) seed germination on %:MS medium, f) iz vitro rooting of germinated plantlets on %2MS with 2.5 g/l activated charcoal

and no report ensues on the asymbiotic or symbiotic seed
germination requirements of Phalaenapsis ‘Dublin’, an
admired hybrid of Middle East. Considering the importance
of asymbiotic seed germination system for mass propagation,
the present study aimed at optimizing a reproducible system
of in vitro seed germination of Phalaenopsis ‘Dublin’ and in
due course the influence of pollination time and type of
medium on capsule formation and seed germination
frequency, respectively, were assessed.

Materials and Methods

Phalaenopsis ‘Dublin’ (Fig. 1a) plants at their full bloom
stage, growing in greenhouse (North of Iran), were used for
pollination in the current study. During the onset of the
months of November, December, January, February, March
and April flowers from one-year-old plants (of cz7ca 20-25 cm
height) were marked and artificially pollinated through
removing the anther cap and pollinia by forceps and
successively setting the pollinia above the stigma of the same
fully opened flower. During every pollination month, 15
flowering plants were selected and 5 flowers from each branch
were randomly pollinated. The number of capsule developed
during the following month after pollination was recorded in
order to measure tie effect of pollination time on capsule
development.

Undehisced matured capsules were collected after five
months from the pollination (completely swollen, dried with
dark brown colourg(Fig. 1b). Five capsules from each of the 15
plants were randomly picked and were stored in air-tight plastic
packs before they were surface sterilized through washing with
20% (v/v) commercial bleach (containing 1% sodium
hypochlorite) and one drop of Tween-20 per liter for 10 min,

followed by dipping in 70% ethanol for 30 seconds under aseptic
condition.

Seeds were isolated by softly teasing the surface sterilized slit-
capsules with scalpel and cultured on different media: the surface
of half-strength Murashige and Skoog (1962) (MS), Vacin-
Went (VW) (Vacin and Went, 1949) or modified
(supplemented with pepton) Chen medium (Chen ¢z 4/, 1999),
solidified with 0.25% (w/v) Gelrite (Balilashaki ez 4/, 2015). The
media pH were corrected to 5.7 before autoclaving at 121 °C and
105 kg cm™ for 15 min. Circa 100 seeds were cultured on the
medium of each culture vessel which were maintained at 25 + 2
°C under cool white fluorescent light (S0 pmol/m®/s irradiance)
with a 16-h photoperiod. Percent of germinated seeds was
documented 60 days following # vitro culture. Initiation of
germination was considered when embryos engorged from testa
with augmented feature. The germination efficiency of seeds was
recorded underneath a light microscope.

Following seed germination and subsequent development,
the plantlets were cultured for 7 vitro rooting on %:MS medium
supplemented with 2.5 g/l activated charcoal. The rooted
plantlets were transferred to pots containing sterile mixture of
either cocopeat, charcoal, industrial cartridge and the bites of
yonolit (1:1:2:4; v/v), or cocopeat and charcoal (5:1; v/) for
acclimatization. The pots were enclosed with dose—ﬁtt plastlc
cover to avoid desiccation and opened after two months f%)r post-
acclimatization transfer into greenhouse.

A completely randomized design with 10 replicates per
treatment was followed for the present experiment. Each
replicate consisted of five flower samples for the capsule
formation experiments, and 100 sceds for the germination
experiments. The data for capsule formation, days to
germination initiation and germination percentage were
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Fig. 2. Influence of pollination time on post-pollination

capsules formation frequency (%)

Data signify (meanzstandard error bar) 5 flowers per treatment in 10 replicated
experiments. Mean column with the same letter are not significant at P<0.05
based on one-way analysis of variance (ANOVA) followed by Tukey’s test.
Data expressed as percentage were transformed using arcsine prior to ANOVA
and converted back to the original scale for demonstration in the histobar

(Compton, 1994).
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Fig. 3. Influence of pollination time and media on asymbiotic

seed germination frequency (%) and speed of germination

Data signify (meanztstandard error bar) 5 flowers per treatment in 10 replicated
experiments. Mean column with the same letter are not significant at P<0.05
based on one-way analysis of variance (ANOVA) followed by Tukey’s test.
Data expressed as percentage were transformed using arcsine prior to ANOVA
and converted back to the original scale for demonstration in the histobar

(Compton, 1994).

analyzed through one-way analysis of variance (ANOVA) and
the means were compared by the Tukey’s test (PC version
Origin 7.0 Northampton, MA, USA) at 5% probability levels
using SPSS (Version 11, SPSS Inc. Chicago, USA) software.
Percentage of capsule formation and seed germination data were
transformed using arcsine prior to ANOVA and converted back
to the original scale to normalize variation (Compton, 1994).

Results and Discussion

The present report ensures the mass propagation of
Phalaenopsis cv. ‘Dublin’ through optimizing a simple yet
reproducible protocol for # vitro asymbiotic seed germination
and ensuring the maximum capsule formation prior to
germination of seeds. Under the current experimental
conditions, the earliest sign of success in pollination was petals
wilting, which were seen after pollination (F f ig. 1b). According to
Goh ez al. (1985), pollination and emasculation trigger ethylene
production by flowers and result in rapid wilting. However, the

maximum percentage of capsule formation was achieved
following pollination during the onset of January (97%),
followed by December (86%) (Fig: 2). It was significant to
observe that both winter months displayed a similar trend in
promoting the success of pollination in terms of post-pollination
capsule development frequency. On the contrary, there was a
sharp decline in capsule formation with the progress of
polhnatlon months following February, and pollmatlon in April
resulted in least capsule formation 40% ) (Fig 2). It is well
defined from the present study that the colder months are
commonly correlated with higher success of pollination, while
warmer months are associated to fewer capsule productions.
According to McCall and Primack (1992) environmental
circumstances considerably affect the fruit/seed development
that was noticeably manifested from the outcomes of the current
experiment. Further, the advantageous impact of cooler seasons
on efficacious post-pollination capsule development coroborated
by the studies of

Vaknin et al. (1996) and Balilashaki ez 4l (2015), who
reported that the frequency of fruit set was lesser in summer in
comparison to winter ones in Loranthus acaciae Zucc.
(Loranthaceae) and Phalaenopsis respectively.

Seeds from mature capsules were cultured on modified-
Chen, Vacin-Went or %MS media. A significant variation was
observed among the media both in terms of germination
frequency and days to germination. There are previous reports
that described that the #2 vitro germination rate of orchid species
was significantly influenced by basal medium used (Islam ez 4,
2003). The germination frequency might be further promoted
by the growth stage of capsules used as in the current study. In
accordance to several observations, Schwallier ez a/. (2011)
indicated that the germination rate of seeds taken from young
capsules was slower and more variable than that of the mature
capsules. The highest frequency of germination percentage
(97%) was achieved on modified-Chen medium (Fig, 1c)
supplemented with pepton plus gelrite (2.5 g/1) instead of agar,
whereas the »MS medium showed the lowest frequency
(25.05%) (Fig. le) of seed germination (Fig, 3). The results of the
present study correspond with those of Lo e# 4. (2004) who
recommended the usage of coconut water, yeast extract, potato
extract and peptone as organic additives for enhanced seed
germination and protocorm growth in orchids (Ang and Yong,
2005). The addition of peptone to Chen medium presumably
increased seed germination of Phalaenopsis cv. ‘Dublin’ in
comparison to that of the other two media employed. Peptone as
an organic nitrogen source can increase seedling development by
supplying auxin-like compounds or various amino acids (Kauth
et al., 2006). Considering the impact of capsules derived from
different pollination months on seed germination it was found
that winter months (November-January) are more favorable,
associated with higher (89-97%) and faster sced germination
(circa 12-19 days), than the warmer months (February-April)
(74-81%; circa 22-30 days) (Fig. 3). It is noteworthy to mention
that the similar trend was observed during post-pollination
capsule setting in the study.

Promotional role of activated charcoal during 2 vitro rooting
was similarly evidenced in an earlier study of Gantait ez /. (2009)
with Vanilla planifolia (Orchidaceae). Regenerated plantlets
from seed cultures were rooted with 100% success in %2MS
medium fortified with 2.5 g/l activated charcoal (Fig 1f).

Subsequently, in the current study a success of 99% post-
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acclimatization survival was achieved when well rooted plantlets
were transferred and grown for two months on the blend of
cocopeat, charcoal, inilstrial cartridge and the bites of yonolit
(1:1:2:4; v/v), whereas acclimatization on cocopeat and charcoal

5:1; /) resulted in 96% survival.
(

Conclusions

Our study demonstrated that apposite time of pollination
and favorable 7. vitro culture media promoted capsule setting
and large-scale seed germination of Phalaenopsis cv. ‘Dublin’.
In a commercial backdrop a seed culture protocol that crops a
bulk number of seedlings in a short time span is advantageous
and will be profitable to the commercial orchid growers. In
that context, the present report eventually provides such
simple yet proficient protocol that can be tested at
commercial level.
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