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Summary

Suitable culture medium and light condition for each step of in wvitro seed
germination, growth of protocorms and subsequent development of seedlings were
determined in Paphiopedilum spp. The best seed germination and best growth
of protocorms were obtained on Norstog medium in darkness. However, no differ-
entiation of leaf nor root occurred in protocorms cultured on Norstog medium
regardless of light condition. Although cultures on Burgeff EG-1 medium resulted
in poor seed germination, germlings developed readily into seedlings with leaves
and roots if cultured in light. Duration of the dark culture on Norstog medium to
yield the maximal percentage of seed germination was found six weeks and
Healthier protocorms were produced in the culture with longer dark
period. Protocorms grown to various developmental stages on Norstog medium in
darkness were transplanted onto different media in different light conditions. The
best development to seedlings was obtained from the protocorms with diameter

longer.

0.5 to 1.0 mm transplanted onto Burgeff EG-1 medium and cultured in light.

Introduction

Technique for seed propagation in orchids
has been well improved, and now seeds of
most orchid species can be easily germinated
on several types of synthetic culture media
(1,2,10). However, there are still
species of which seed propagation technique
is not yet established. Paphiopedilum is
among such orchids. The present work aim-
ed to find out the most suitable culture
medium and light condition for each step of
seed germination, growth and development
of protocorms and seedlings in in vitro seed
propagation of Paphiopedilum.

Materials and Methods

some

1. Plant materials.

Paphiopedilum sukhakulii and its hybrids
with other Paphiopedilum species listed in
Table 1 were used as experimental materials.
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Capsules were harvested six months after
artificial self~ or cross-pollination. The cap-
sules were surface sterilized by soaking them
in 75% aqueous ethanol for 30 seconds fol-
lowed by 15-min immersion in 0.5% sodium
hypochloride solution containing Tween 20,
and rinsed with sterilized water. The steri-
lized capsules were split to open and seeds
were dispensed onto culture medium.

The cultures were classified into the follow-
ing six groups according to their developmen-
tal stages ; dormant seed (Stage 0), with
swollen embryo (Stage 1), with embryo burst
out of seed coat (Stage 2), with diameter
less than 0.5mm (Stage 3), with diameter
between 0.5 and 1.0 mm (Stage 4) and with
diameter over 1.0 mm or with leaves and/or
roots (Stage 5). In this study, swelling of
embryo was regarded as germination of seed,
the plants at developmental stages after ger-
mination and before initiation of leaf and/or
root were called protocorms, and those after
the initiation of leaf and/or root were seed!-
ings.

2. Culture conditions

Norstog(6) and modified Burgeff EG-1(3)

media. were used. The media were supple-
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mented with 2% sucrose, adjusted to pH 5.0
and solidified with 1% agar. Burgeff EG-1
medium was autoclaved at 120°C for 15 min,
while Norstog medium was sterilized by pas-
sing nutrient solution through a milipore fil-
ter (pore size 0.22 ym) to prevent a possible
degradation by autoclaving of organic ele-
ments in it. Ten ml of medium was poured
into a culture tube (20 mm in diameter and
150 mm in height). All cultures were incu-
bated at 25°C in darkness or continuous white
light of ca. 3,5001x at plant level provided
by fluorescent tubes.

Results

1. Suitable medium and light condition
Sor seed germination.

Seed germinations scored six months after
the inoculation in P.sukhakulii and its hy-
brids with other Paphiopedilum species on
Norstog and Burgeff EG-1 media in darkness
and light are shown in Table 1. Seeds pro-
duced by self-pollination germinated poorly
or did not germinate at all, while germina-
tion percentages in hybrid seeds were general-
ly high. The different seed sources showed
similar trend in responses to the media and
light condition although germination percen-
tages differed among them. Namely, the
highest germination percentage was obtained
on Norstog medium in darkness. When in-
cubated in light, however, germination per-
centage on Norstog medium was markedly
reduced. On the other hand, no significant
difference between dark and light cultures

was observed on Burgeff EG-1 medium.

Protocorms at different developmental sta-
ges were observed at the end of six-months
culture because the seeds had germinated
sporadically. Therefore, development of the
protocorms was also scored. Frequency dis-
tribution of protocorms at respective develop-
mental stages in P. ‘Clair de Lune’ X P. sukha-
kulii is shown in Fig 1. Trend was the same
in other hybrids. On Norstog medium, al-
most 90% of the protocorms cultured in light
remained at the Stage 1, while many proto-
corms cultured in darkness developed to the
Stage 5 although most of them did not dif-
ferentiate leaf nor root. On the other hand,
protocorms cultured on Burgeff EG-1 medium
differentiated leaves and roots when cultured
in light.

2. Length of dark period required for
seed germination.

Since the previous experiment showed that
the best seed germination was obtained in
dark culture on Norstog medium, it was
then examined how long period of dark cul-
ture was required to yield the maximal seed
germination percentage. Seeds of P.sukha-
kuliixP. ‘Alma Gevaert’ were incubated
on Norstog medium in darkness for 0 to 12
weeks and then transferred to lighted cond-
ition, or incubated in darkness throughout
the culture period of four months (Fig.2).

The seeds incubated in continuous light
(0 week dark) germinated poorly and the
germination percentage increased with in-
creasing length of dark period up to six

Table 1. Seed germination in Paphiopedilum sukhakulii and its hybrids with other Paphiopedilum
species on different culture media in darkness and light.

Germination percentage®

Seed source Norstog Burgeff EG-1

Dark Light Dark Light
P. sukhakulii (self-pollinated)? 46.0%0.5 8.7+ 0.5 4.0%0.1 3.0:£0.2
P. sukhakulii (self-pollinated)* 0x0 0+ 0 0+0 00
P. sukhakulii X P. nevium 60.3%3.1 30.8% 1.7 25.1£0.9 17.3£0.3
P. sukhakulii X P. acmodontum 97.2+1.8 79.4+ 0.3 91.5+1.0 83.0+1.8
P. sukhakulii X P. bellatum 46.9+0. 4 1.5+ 1.0 19.5+3. 2 7.5+0.2
P. ‘Clair de Lune’ X P. sukhakulii¥ 96.2+1.0 46.0+10 88.2+0.7 73.5%0.8
P. ‘Clair de Lune’ x P. sukhakulii* 82.7%£1.8 27.3+ 1.9 50.9+3.9 44.6%+9.9

z Scored six months after the inoculation.
¥:* Seeds originated in different capsules.
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Fig. 1. Development of protocorms cultured on different culture media in darkness
and light in Paphiopedilum ‘Clair de Lune’ x P. sukhakulii. Frequency of the
protocorms at each developmental stage (see Materials and Methods) was
scored six months after the seed inoculation.
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Fig. 2. Seed germination in Paphiopedilum sukhakulii x
P. ‘Alma Gevaert’ incubated on Norstog medium
in darkness for different length of period and then
transferred to lighted condition. Percent germina-
tion was scored four months after the seed inocula-
tion, and shown as a mean with a S. E.

weeks. No significant difference was obser-
ved among the cultures incubated in darkness
for six weeks and longer. Development of
the resulted protocorms is shown in Fig. 3.
Most of the protocorms in continuous light
turned brown and died off at the early stage
of development. The longer the period of
dark culture was extended, the healthier
protocorms were produced. However, no
differentiation of leaf and root was observed
in all cultures by the end of four-months

culture.

3. Suitable medium and light condition
for development of seedlings.

Protocorms of P. ‘Clair de Lune’ xP. suk-
hakulii were obtained from seeds cultured
on Norstog medium in darkness. The pro-
tocorms at different stages of developmernt
(see Materials and Methods) were selected
and transplanted onto different media and
light conditions to determine the most fa-
vourable medium and light condition for de-
velopment of protocorm to seedling and sub-
sequent growth of the seedling, and the most
suitable developmental stage of protocorm
to be transferred to such conditions. Sur-
vival rate in the protocorms transplanted
(Table 2) and growth and differentiation in
the survived protocorms (Figs.4 to 6) were
scored four months after the transplantation.
Protocorms transplanted when they were at
the Stage 3 and later showed the highest
survival rate, and the best growth was obta-
ined in those transplanted when at the Stage
4. Protocorms grown on Burgeff EG-1 me-
dium, when cultured in light, yielded the
greatest growth and the best development of
leaves and roots. When cultured in dark-
ness, however, seedlings etiolated and the
growth was inferior. On Norstog medium,
protocorms showed an abnormal development
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Fig. 3. Development of protocorms in Paphiopedilum sukhakuliix P. ‘Alma Gevaert’ cultured on
Norstog medium in darkness for different length of period and then transferred to lighted
condition. Frequency of the protocorms at each developmental stage (see Materials and
Methods) was scored four months after the seed inoculation. z#D and TD mean cultures
incubated in darkness for » weeks and throughout the culture period, respectively.
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Fig. 4. Growth of protocorms in Paphiopedilum ‘Clair de
Lune’ X P. sukhakulii which were obtained on Nors-
tog medium in darkness and transplanted onto
different culture media in darkness and light when
they were at different developmental stages (see
Materials and Methods). Fresh weight was meas-
ured four months after the transplantation. ND,
NL, BD and BL mean cultures on Norstog medium
in darkness and light and on Burgeff EG-1 medium
in darkness and light, respectively.

with remarkable increase in size and the
morphogenesis was delayed. Mortality of
protocorm was high and those survived did
not grow well especially in light.

Discussion

Burgeff EG-1 medium has been recom-
mended for seed germination of Paphiopedi-
lum(7) and Norstog medium was recently
proved to be useful for it(9). The present
work indicated that Norstog medium was
more suitable than Burgeff EG-1 medium for
seed germination in Paphiopedilum. This
medium, however, was apparently not sui-
ted for further development of protocorms.
Instead, Burgeff EG-1 medium was more
favourable to differentiation of leaf and root
and further growth of seedlings. Thus,
seeds should be incubated on Norstog medium
in darkness for six weeks or longer to allow
the resulted protocorms to grow to the Sta-
ge 4, and then the protocorms should be
transplanted onto Burgeff EG-1 medium in
light to yield the best result in seed propa-
gation of Paphiopedilum. The present study
revealed that requirements for seed germina-
tion and growth of protocorm were different
from those for differentiation of leaf and
root. Therefore, it is apparent that different
stages in the development should be studied
Most of the previous works on
seed propagation in orchids have considered
these developmental stages as a whole. This
may be one of the reasons why the results

separately.



Table 2.

SEED GERMINATION AND DEVELOPMENT OF SEEDLING IN ORCHID

Survival rate in protocorms of Paphiopedilum ‘Clair de Lune’ X P. sukhakulii which were obtained
on Norstog medium in darkness and transplanted onto different cnlture media in darkness and

light when they were at different developmental stages (see Materials and Methods).
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Culture medium

Light condition

Survival rate (%)?

Developmental stage when transplanted

1 2 3
Burgeffl EG-1 Dark 26.7+14.5 93.3%+6.9 100 =0 100
Light 63.3+ 6.8 80.0%0 100 +0 100
Norstog Dark 53.3+ 3.3 76.7+6.5 93.3%+6. 9 90.0+5. 8
Light 6.7t 6.6 30.0+5.8 50.0+5.8 61.9+9.1
# Scored four months after the transplantation.
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Differentiation of leaves in protocorms of Paphiopedilum ‘Clair de Lune’ x P. sukhakulii
which were obtained on Norstog medium in darkness and transplanted onto different
culture media in darkness and light when they were at different developmental stages (see
Materials and Methods). Number of leaves per seedling (open column) and length of the
longest leaf (closed column) were scored four months after the transplantation. ND, NL,
BD and BL mean cultures on Norstog medium in darkness and light and on Burgeff
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Differentiation of roots in protocorms of Paphiopedilum ‘Clair de Lunc’ X P. sukhakulii

which were obtained on Norstog medium in darkness and transplanted onto different
culture media in darkness and light when they were at different developmental stages
(see Materials and Methods). Number of roots per seedling (open column) and length
of the longest root (closed column) were scored four months after the transplantation.
ND, NL, BD and BL mean cultures on Norstog medium in darkness and Jight and on
Burgeff EG-1 medium in darkness and light, respectively.
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obtained were not always consistent. Major
difference in composition between Burgeff
EG-1 and Norstog media is of nitrogen
source, that is, ammonium salt is used in
Burgeff EG-1 medium while amino acids are
used in Norstog medium. Amino acids sup-
ported and protocorm
growth but were inhibitory against shoot
formation in Dactylorhiza purpurella and
Cypripedium reginae(4,5). It was reported
in some orchids that most amino acids either
inhibited growth or had no effect on t(l, 8).
These facts and the present results indicate
that amino acids play different roles before
and after the Stage 4, or they play some
important roles in transition from the Sta-
ges 4 to 5, namely, differentiation of root
and/or leaf. The difference in media used
influenced also the effects of light, that is,
the photoinhibition of seed germination and
early growth of protocorms was more evident
on Norstog medium than on Burgeff EG-1
medium. This photoinhibition on Norstog
medium might be through influence on the

seed germination

utilization of amino acids because the utili-
zation of some amino acids was affected by

light(1, 8).
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