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Abstract. Two orchid species Anoectochilus formosanus Hayata and Haemaria discolor var. dawsoniana, which
have different flowering times in nature, were induced to flowering synchronously by controlling the culture tem-
perature and light duration in the phytotrons. They were crossed, and the F, hybrid seeds were collected and named
as H. discolor x A. formosanus (HA) and A. formosanus x H. discolor (AH). It was found that fifty days after the
asymbiotic culture in MS medium, the germination rates of all the four kinds of seed were higher than 70%. For the
symbiotic seed germination on oatmeal agar (OMA) medium, only the R02, as compared to the RO1 and R04 isolates
of Rhizoctonia spp., had a more than 80% germination rate. SEM observation of various seed germination stages for
the non-mycorrhizal and the mycorrhizal protocorms of A. formosanus showed that 70 days after seed sowing, the
inoculated seeds developed to a more advanced stage than the non-inoculated control. Asymbiotic and symbiotic
germination occurred after the uptake of water, and the seed coat was ruptured by the enlargement of embryo. Af-
terward the papilla, protocorm and apical meristem gppeared. In the symbiotic germinated embryos, the fungal hy-
phae penetrated the protocorm and formed pel otons, which was the tolypophagy type of infection. No hypha infection
was found in the asymbiotic germinated embryos.
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Introduction

Both Haemaria discolor var. dawsoniana and
Anoectochilus formosanus Hayata belong to orchidaceae
and were perennial and medicinal herbs. Thewhole H. dis-
color plant has medicinal value in lung protection, and suf-
ferslittle from disease or insect problems. It is also more
heat resistant than A. formosanus, which is highly suscep-
tible to diseases and is non-heat resistant. Anoectochilus
formosanusis regarded as “ the king of medicines “ by
aborigines in Taiwan because of its diverse pharmacologi-
cal effects, such as liver protection, cancer prevention,
blood sugar reducing for diabetes, and the treatment of
cardiovascular diseases etc. (Kan, 1986; Shiau et a., 2002).
Haemaria discolor blooms from late December to March
(Chou, 1997) while A. formosanus generally blooms from
August to November. In order to enhance the heat-tol er-
ance and disease resistance of A. formosanus, the breed-
ing of these two species of orchid plants was conducted.
We hope that en F, hybrid of H. discolor x A. formosanus
and A. formosanus x H. discolor will be heat-tolerant and
yet still maintainits medicina value. Although F, hybrids
of Anoectochilus sikkimensis x Ludisia discolor have
been reported (Belitsky and Bersenev, 1999), there are no
reports concerning the symbiotic germination of the F, hy-
brid seeds. In our previous studies, we have shown that
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these two orchids could be propagated from seeds
through symbiotic and asymbiotic germinations (Chou,
1997). Besides, we have found that the growth of these
two orchids was stimulated by Rhizoctonia spp. (Chou,
1997; Tsai, 1997). The present study reports a feasible and
effective method for the germination of A. formosanus, H.
discolor and their F, hybrid seeds through asymbiotic and
symbiotic cultures. The asymbiotic and symbiotic germi-
nation processes are also investigated by scanning elec-
tron microscopy (SEM).

Materials and M ethods

Plant Materials and Culture Conditions

Plants of H. discolor and A. formosanus were cultivated
for eight months under 25/20°C day/night temperature in
the phytotron. Then they were put into the phytotron at
23/18°C and a 16-h photoperiod of 3,000-4,000 Lux fluo-
rescent light in mid May to induce blooming. In late
October, both kinds of plants could flower synchronously.
Between these two orchids, hand pollination was
conducted. After pollination for 40 days, capsules of H.
discolor (H), A. formosanus (A), H. discolor x A.
formosanus (HA) and A. formosanus x H. discolor (AH)
were collected. Capsul es were surface-sterilized with a cot-
ton ball swab moistened with 70% ethanol, followed by
disinfesting under agitation for 15 min in 1% sodium
hypochlorite, and were rinsed three times with sterile dis-
tilled water. About 200-300 seeds from disinfested capsules
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were spread into each glass tube with solid medium and
cultivated at 25°C under a 16-h photoperiod.

Seed Morphology and Viability

For counting the viability % of seeds, seeds freshly ob-
tained from capsules were stained with 1% (V/V) 2, 3, 5
triphenyl tetrazolium chloride (TTC) in darkness overnight
and then were observed by stereo microscopy. Red color
in the embryo indicated seed viability.

Asymbiotic Germination

Seeds were sprinkled onto the surface of MS basal me-
dium (Murashige and Skoog, 1962), prepared with 3 g I
tryptone, 30 g I sucrose (Sigma), and 8 g I agar (Sigma).
The pH of the medium was adjusted to 5.2 before it was
dispensed into glass tubes (2.5 cm diameter, 13 cm high)
that contained 15 ml of nutrient solution. Only seeds with
the appearance of papillaes were considered germinated.

Symbiotic Germination

Seeds were spread onto the surface of oatmeal agar me-
dium (OMA; 2.5¢g|* oat meal, and 8 g I* Sigma agar, pH
of 5.2), 15 ml in each glass tube (2.5 cm diameter, 13 cm
height) for one week, and then were inoculated with ei-
ther a1x1, 1x5, 5x5 or 10x10 mm? block of water agar con-
taining fungal hyphae of a single fungal isolate. Three
Rhizoctonia spp. (RO1, R02 and R04) orchid mycorrhizal
fungi (OMF) isolated from wild grown orchids were used
as inocula, and only one isolate was inoculated for each
treatment. Those plates without fungal inoculation either
on OMA or MS medium served as double controls.

Statistical Analysis

The germination rate was recorded after sowing for 30
and 50 days. Only those seeds with the appearance of
papillaes were considered germinated. The analysis of vari-
ance (ANOVA) gopropriate for the design was carried out
to detect the significance of differences among the treat-
ment means.

Scanning Electron Microscopy (SEM)

Seeds with various devel oped stages were collected and
fixed with 2.5% glutaradehyde for 12 h, dehydrated by a
series of ethyl acohol from 40% to 100%, 10% increment
for each step and 15 min each. The specimens were then
dehydrated in 100% ethyl alcohol twice and finally two
steps of acetone, 10 min each. The dehydrated materials
were critical-point-dried by liquid CO, in aPolaron Critical
Point Drier, mounted on aluminum stubs, and then coated
with gold for 90 sec by a Biorad SC502 ion coater. The
samples were investigated by ABT-60 of SEM and recorded
with digital image.

Results and Discussions

Anoectochilus formosanus and Haemaria discolor
bloomed synchronously under 23/18°C and a 16-h photo-
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period of 3,000-4,000 Lux light intensity in the phytotron
in late October. The seed viability test, as stained by TTC,
showed that small embryos were present in most of the
four orchid seeds, and the viability was 75-85%.

Asymbiotic Germination

On MS medium the four orchid (H, A, HA and AH)
seeds reached 70-75% of germination rate within 50 days
(Table 1). The higher strength of MS could promote the
seed germination of H. discolor (Chou and Chang, 1999;
Chang and Chou, 2001) and A. formosanus (Shiau et al.,
1995; Shiau et a., 2002).

Symbiotic Germination in vitro

Seeds of most orchids in nature need OMF to
germinate, and the symbiotic germination technique
showed potential for propagation of some rare species
(Clements and Ellyard, 1979; Hadley, 1982). Researchers
have demonstrated that in vitro seed germination in some
orchid species could easily be carried out with specific
Rhizoctonia fungi isolated from orchid mycorrhizae.
(Zelmer and Currah, 1997; Zettler, 1998; Vujanovic et al.,
2000). Previous study showed that M'S medium induced a
rapid growth of orchid mycorrhizal fungi (OMF) that could
lead to the death of seedlingsin vitro (Chang and Chou,
2001). So an appropriate “inoculation medium,” such as
OMA, was required. OMA medium has given good sym-
biotic germination with OMF isolates of Sedacina
vermifera (Warcup, 1981) and H. discolor (Chang and
Chou, 2001). Among four sizes of RO1 fungal mycelium
blocks of agar, only those seeds inoculated with 1x1 or
1x5 mm?2 of OMF were able to germinate, and if 5x5 or
10x10 mm? was inoculated, then seed germination failed
(Table 2). The four orchid seeds could not germinate with-
out the presence of OMF on OMA medium. If inocul ated
with RO1, RO2 or R04 isolate 1x1 mm? block of agar con-
taining fungal mycelium, seeds of HA and AH could ger-
minate 50 days after sowing on OMA medium while H.
discolor could only germinate if the seeds were inocul ated
with RO1 or R0O2 isolate. Anoectochilus formosanus seeds

Table 1. Asymbiotic seed germination rates of Anoectochilus
formosanus (A), Haemaria discolor (H) and F, of Anoectochilus
formosanus x Haemaria discolor (AH) and Haemaria discolor
x Anoectochilus formosanus (HA) on MS medium for 30 and
50 days.

Seed germination percentage (%)

Orchid species 30 days 50 days
A 30.6a 75.2a
H 26.4a8b 72.1ab
AH 13.6b 70.2b
HA 15.7b 73.4ab

10 replicates were tested for each treatment, and each replicate
contained 150-200 seeds.

Means in each column followed by different letters were sig-
nificantly different (p=0.05) as determined by Duncan’s mul-
tiple Range Test.
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Table 2. Symbiotic seed germination of Haemaria discolor on
OMA medium as influenced by the inoculum size of RO1 fun-
gal hyphae

Seed germination percentage (%)
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Table 3. Effect of two cultural media (MS and OMA) and or-
chid mycorrhizal fungi (OMF; R01, R02 and R04) on seed ger-
mination of Anoectochilus formosanus (A), Haemaria discolor
(H) and F, of Anoectochilus formosanus x Haemaria discolor
(AH) and Haemaria discolor x Anoectochilus formosanus (HA)

Inoculum size 30 days 50 days for 50 days.
NM 0.0c 0.0c Inoculum & medium A H AH HA
2

11 mm” S04a >.2a MS, NM 75280 721a 7020 734b

1x5 mm 22.8b 45.6b

5x5 mm2 0.0c 0.0c OMA, NM 0.0c 0.0b 0.0d 0.0d

10x10 mm? 0.0c 0.0c OMA, RO1 0.5c 79.6a 76.3ab 75.1ab

i i OMA, R02 79.5a 80.9a 8l2a 825a

10 replicates were tested for each treatment, and each replicate OMA, R04 43.2b 0.1b 114c  10.5c

contained 150-200 seeds.

Means in each column followed by different letters were sig-
nificently different (p=0.05) as determined by Duncan’s mul-
tiple Range Test.

NM: non-mycorrhiza, 1x1 mm2, 1x5 mm?, 5x5 mm?2and 10x10
mm?: inoculated size of RO1 fungal hyphae.

could only be stimulated by the inoculation of RO2 or R04
isolate. For the four orchids, seeds inoculated with R02
OMF exhibited about a 80-83% germination percentage for
50 days after sowing on OMA medium (Table 3). R02 iso-
late also stimulated seed germination of Haemaria discolor
var. dawsoniana (Chou and Chang, 1999; Chang and Chou,
2001). Theresult indicates that RO2 isolate for orchidaceae
is non-species-specific. Lee (2001) indicated that RO2 might
be Rhizoctonia callae.

10 replicates were tested for each treatment, and each replicate
contained 150-200 seeds.

Means in each column followed by different letters were sig-
nificantly different (p=0.05) as determined by Duncan’s mul-
tiple Range Test.

In order to obtain higher germination rates for the stud-
ied four orchids, MS medium for asymbiotic germination,
or symbiotic germination by inoculation with RO2 isolates
of OMF on 2.5 g It OMA medium is recommended. How-
ever for most cultivators, the asymbiotic germination tech-
nique is easier than symbiotic germination. Whether the
inoculation of OMF had any practical use is still under
investigation.

Figure 1. SEM (A-E) and stereomicro-
scopic (F) photographs of the seeds of
Anoectochilus formosanus Hayata in dif-
ferent asymbiotic ermination stages. A:
After imbibition, the seed coat was bro-
ken (—); B: The embryo burst from the
seed coat; C: The embryo formed papilla
(P); D: Protocorm with an apical meristem
(AM); E: Longitudinal section view of
the asymbiotic seedling showing no hy-
phainfection; F: Protocroms on MS me-
dium after sowing for 70 days.
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Observation of Seed Asymbiotic and Symbiotic
Germination

Asymbiotic germination of A. formosanus as observed
by scanning electron microscopy, showed that the seed
contained a very rudimentary embryo covered with a seed
coat. Seed germination occurred after the uptake of water,
which resulted in swelling of the embryo, and then the seed
coat was ruptured by the embryo (Figure 1A, B), and the
papilla appeared on the one end of protocorm (Figure 1C).
Furthermore, the seed developed to protocorm with api-
cal meristem on the other end (Figure 1D). A longitudinal
section of the asymbiotic germinated protocorm showed
no fungal hyphae in the cortex cell (Figure 1E), but in sym-
biotic germinated seeds, fungal hyphae penetration of the
seed coat was noted. The uptake of water enlarged the
embryo and then ruptured the seed coat (Figure 2A). The
embryo then burst from the seed coat. Papillaformed on
the one end of protocorm. (Figure 2B), and there was an
apical meristem on the other end (Figure 2C). The longitu-
dinal section of protocorm showed fungal invasion
hyphae, and coil and branching of the hyphae to form
pelotons (Figure 2D, E), which was a tolypophagy type
of infection (Burgeff, 1959). The seedling developmental
processes were similar that of H. discolor, H. discolor x
A. formosanus and A. formosanus x H. discolor seed
germination. Seed germination in MS medium was slower
than thosein OMA medium with OMF inoculation (Figures
1F and 2F).
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Figure2. SEM (A-E) and stereomicro-
scopic (F) photographs of the seeds of
Anoectochilus formosanus Hayata in dif-
ferent symbiotic germination stages. A:
Hyphae (H) penetrated the seed coat
through a broken small hole; B: Embryo
burst out of the seed coat first and then
formed a protocorm with papilla (P).
Note the presence of hyphae (H) on the
protocorm; C: Protocorm with an gpical
meristem (AM) and papilla (P); D: Lon-
gitudinal section view of the mycorrhizal
seedling in which OMF hyphae formed
pelotons (PE) in cells of protocorm; E:
Close up of pelotons; F: Seed germina-
tion and seedling growth inocul ated with
OMF on OMA medium after sowing for
70 days.
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