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A Study on Seed Germination and Seedling Development of
Spathoglottis Bl. Orchids

Mao Mineal, Chitrapan Piluekl, Alisara M enakanit®
and Sureeya Tantiwiwat?2

ABSTRACT

Theexperimentswereconducted to study characteristicsof seed from self-pollination, intraspecific
and interspecific crosses, seed germination and seedling growth of S, plicata and S kimballianainvitro.

Seeds of S, plicata from capsule at 15, 20, 25 and 30 days and of S. kimballiana at 30, 35 and 40
daysof ageafter pollination were germinated in modified VW solid and liquid mediainvitro. Theresults
showed that immature seedsin 15-day-old capsulesof S. plicatahad thelowest percentageof fertile seeds,
germination rate and germination index. Self-pollinated seeds of S. kimballiana had |ower percentage of
fertile seedsin 30-day-old capsule whilethere was no differencein either intraspecific and interspecifics
crosses. Seeds in liquid medium showed faster and better germination percentage than that on solid
medium.

After in vitro germination at 33+2 °C and 3,000 lux of light intensity, seeds were swollen and
showed green embryos in liquid medium in 17-22 days which was 6 days faster than in solid medium.
The germination rate and index were observed one month after sowing the seeds. There was no
germination in 15-day-old capsule of all crosses of S plicata. The 25- and 30-day-old capsules of S
plicata and 30-, 35- and 40-day-old capsules of S kimballiana showed high germination rate and
germinationindex. Seedsinliquid medium devel oped better than thosein solid medium. After onemonth
fromgermination, seedsin 15 day capsuleof S plicatagerminated and devel opedtolarge-sized seedlings
within 4 months.

The 0, 0.01, 0.1 and 1 mg/l paclobutrazol had no significant effects on seedling growth of
interspecifics cross (S kimballiana x S. plicata) while 100 g/I blended bananain modified VW medium
promoted seedling growth in fresh weight, plant height, leaf number, leaf length and root number.
Key words: in vitro germination, Spathoglottis Bl., paclobutrazol, banana, seedling growth

INTRODUCTION

Spathoglottis is one of the most popular
terrestrial orchids and the most important
horticultural cultivated species because it is
attractive, fast growing and easy to cultivate and
had ever-bloominginthegarden. Many hybridsof

thisgenushavebeautiful flowers. Seedsgerminate
mostly on certain mediain vitro. The problemis
that the seeds of some hybrids are difficult to
germinateandtheseedling growtharenot uniform.

Orchidsare oneof themost difficult plants
to propagate by seedin nature. The seedshavetiny
elongated shape, ranging from about one-quarter
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millimeter to two millimeters long depending on
variety.

The flower is pollinated when the pollinia
are placed on the stigma of an orchid flower. The
ovary beneath it also begins to grow, and soon
attainsitsfull size. In the case of Spathoglottis, it
is cylindrical, green, and hanging downwards.
Whenitisripe, thesidesgapeopenwiththreedlits,
and the seeds are free to fall out, which they do at
any puff of wind. Each seed consists of a tiny
round embryo surrounded by aloose translucent
coat, and so has low density and consequently a
slow rateof falling. Orchid seedsvary muchinthe
detailsof their size, the shape of the seed coat, and
their color, but al arevery small (Holttum, 1957).

Both commercial and amateur growersare
in need of appropriate media, which insure ahigh
percentage of germination and rapid seedling
growth (Arditti and Lawrence, 1964). Over the
years orchidologists have devised a number of
nutrient formulae for the aseptic germination of a
large variety of orchid genera. Many of these
formulae contain one or more ingredients of
relatively undefined composition, e.g. coconut
water (Withner, 1959). On the other hand, Arditti
and Lawrence (1964), reported that when all
additive (banana, tomato juice, coconut milk,
vitamins, etc.) were combined, it was highly
effective on avariety of genera(Anderson, 1967).

Bananapowder wasfirst usedinamedium
for orchid seed germinationinBrazil (Graeflinger,
1950). The use of banana in culture media for
orchid seedlingsbecame popular thereafter. Some
growershomogenized bananafruit pulp with their
media, whereas others stirred puree into their
solutions. Opinion varied at thetime astowhether
green bananas (Hey and Hey, 1966) enhanced
growth better than the ripe ones, and preferences
still exist among growers (Ernst, 1967; 1975).

Paclobutrazol (proposed commonnamefor
| CI-PP-333) isapyrimidine derivative has shown
growth-controlling activity in a wide range of
agronomic and ornamental crops. Itisaninhibitor

of gibberellin biosynthesisthat hasexhibited little
or no phloem mobility (McDaniel, 1983).
Pacl obutrazol hasshowngrowth-retarding activity
on awide range of ornamental species (Shanks,
1980; Witfret, 1981; Barrett and Bartuska, 1982,
Freeborg and McDaniel, 1981; Sterrett, 1985),
and it has also been shown to reduce inter-node
elongation (Barrett and Bartuska, 1982; McDaniel,
1983), to reduce leaf surface area, and to cause
leavestoappear darker green (Wampleand Culver,
1983).

Paclobutrazol may also promote rooting
indirectly by retarding shoot growth, thereby
increasing the partitioning of assimilates and/or
hormonesto the base of the cutting. Whatever the
case, paclobutrazol may be useful in promoting
rooting and controlling shoot growth
simultaneously. It isof interest that relatively low
concentration of paclobutrazol is effective in
promoting root formation compared with some
other synthetic root-promoting agents (Davis et
al., 1985).

Thus, the objectives of experiment wereto
study thecharacteristicsof SpathoglottisBI. orchid
seeds from self-pollination, intraspecific and
interspecific cross capsules, the effects of liquid
and solid media on seed germination, and the
effects of low concentration of paclobutrazol and
banana on growth of seedlings.

MATERIALSAND METHODS

Two speciesof terrestrial orchidsS. plicata
BI. (purple flower), and S. kimballiana (Hort.)
Sander (yellow flower), were used in this study.
Three experiments were designed and conducted
asfollows:

Experiment 1. Characteristics of seeds at
different ages

After the two orchid species were self-
pollinated, intraspecific and interspecific crossed,
the capsuleswereharvested after pollination at the
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ages of 15, 20, 25 and 30 days for S. plicata, and
30, 35 and 40 days for S kimballiana. Seed size,
percentage of fertile seeds and seed weight per
capsule were observed.

Experiment 2. Effectsof solid and liquid media
on seed germination

Seeds from the first experiment were in
vitro germinated in solid and in liquid medium.
Capsule ages were set up as treatments. There
were four treatmentsfor S plicata (15-, 20-, 25-
,and 30-day old capsules) andthreetreatmentsfor
S kimballiana (30-, 35-, and 40-day old capsules).
Theexperimentwasdesignedin CRD (Compl etely
Randomized Design) with four replications (1
capsules/replication) in which four bottles were
used for one replication.

Seeds, obtained from pollinated capsules,
wereinvitrogerminatedinsolid andliquid media
Capsules were washed with detergent and water.
After that, the capsuleswere surface-sterilized by
dipping in 95% ethyl alcohol and flame
immediately in the laminar flow hood. Then, the
sterilized capsules were cut in cross section into
two partsby an aseptic blade. Seedsweretaken out
of each capsuleusing abladeor forceps, and sown
in four bottles of solid and four bottles of liquid
media. The culturewasincubated on shelf at 33+2
°C under 3,000 lux for one month.

In this experiment, the liquid and solid
media of modified VW (Vacin and Went, 1949)
were used for seed germination. Liquid medium
was supplemented with 150 ml coconut water and
20g/| tablesugar. Solid mediumwassupplemented
with 150 ml coconut water, 20 g/l table sugar, 100
o/l blended banana, 100 g/l potato extract, 4.5 g/l
agar, and 2 g/l charcoal dust. Nitric acid was used
to adjust pH valueto 5.0.

One month after germination, one bottle
fromeachreplicationwascheckedfor germination
percentage and germination index.

The remaining three bottles in each
replication were subcultured into modified VW

solid medium. Then, the culture was incubated at
32+2 °C and 3000 lux of light intensity.

Thegermination percentagewascal cul ated
with the following formula:

100 (b+c+d)
a+b+c+d
Thegerminationindex wascal culated with
the following formula:

(lb+2c+3d) 10
a+b+c+d

The parameter used to measure the
germination were germination percentage and
germination index. When germination does not
occur at al, the germination index is 0; when all
seeds are germinated they will reach the class
value of 3, in which the germination rate is 100%
and the germination index is 30 (Pierik et al.,
1988).

The parameters used to measure the
germination are given below:
Classvaue Seed number

Percentage of seed germination =

Germination index =

Characteristics

0 a No germination

1 b Seed containing a
greenswollenembryo

2 c Green embryos
rupturingtheseed coat

3 d Embryos completely

out of the seed coat

Experiment 3. Effects of paclobutrazol and
banana on seedling growth of S. kimballiana
(Hort.) Sander inter species cross

The four months old seedlings from
germination, whichhadleaves, rootsand 5-6 cmin
height, were subcultured into eight mediain the
150-ml bottle (five plants/bottle). The cultures
were kept under eight hoursdaily light at 22+2 °C
and 3,000 lux of light intensity. Four months after
subculture, seedlings were taken out from each
bottletorecordtheseedlingweight, height, number
of roots and leaves, and leaf size.

The solid modified VW medium as in
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Experiment 2 was used as the basal medium.
There were four levels of paclobutrazol and two
levels of blended banana as additive in this
experiment. Theexperiment wasdesignedina4 x
2 factorial analysis in CRD with 10 replications
(five seedlings per replication) were used in this

experiment.
Treatments Media
1 V W + 0 mg/l paclobutrazol + 50 g/
| blended banana
2 V W +0mg/l paclobutrazol +100¢g/
| blended banana
3 VW +0.01mg/l paclobutrazol +50
g/l blended banana
4 V W + 0.01 mg/l paclobutrazol +
100 g/l blended banana
5 V W + 0.1 mg/l paclobutrazol + 50
g/l blended banana
6 V W +0.1mg/l paclobutrazol + 100
g/l blended banana
7 V W + 1 mg/l paclobutrazol + 50 g/
| blended banana
8 V W +1mg/l paclobutrazol +100¢g/

| blended banana
RESULTS

Experiment 1. Characteristics of seeds at
different ages

It was found that seed colors were not
different among the types of pollination (self-
pollination, intraspecific and interspecifics
crosses), but colors were affected by the ages of
the capsule. It was noted that the same age of
capsule produced the same seed color: the seed
color of the 15-day-old capsule was light green,
those of the 20- and 25-day-old capsule were
cream, and that of the 30-day-old capsule was
black.

Seed sizes of S plicata were significantly
different among capsule ages in three pollination
types. The self-pollinated seeds of the 20-, 25-,
and 30-day-old capsule were significantly longer

than that of the 15-day-old capsule, while the 30-
day-old capsulewasthelargest and the 15-day-old
capsule had the lowest seed width. For the
intraspecificcross, seedsof the 25- and 30-day-old
capsule were longer than those of the 15-and 20-
day-old capsule, whereas seed width of the 15-
day-old capsule was significantly narrower than
those of the other three. For theinterspecific cross,
the 25- and 30-day-old capsules yielded larger
seedsthan the 15- and 20-day-old capsules. From
the above observation, it could be concluded that
the older the capsule age, the bigger the seed size
(Table1).

However, in the 15-day-old capsule,
intraspecific cross and interspecific cross yielded
longer and wider seed sizes than self-pollination.
The 20-day-old capsule seed was longer in self-
pollination than other two crosses, while the seed
waswider inintraspecificcrossthanself-pollination
and interspecifics cross. On the contrary,
interspecific cross of 25- and 30-day-old capsules
yielded longer and wider seeds than other two
crosses (Table 1).

The percentages of fertile seed per capsule
and seed weight per capsule were significantly
different among capsul e age depending on type of
pollination. The percentage of fertile seed was
highest at the 30-day-old capsule, medium at the
25-day-old capsule and lowest at the 15- and 20-
day-old capsule for self-pollination. For the
intraspecific and interspecifics cross, percentages
of fertile seed at the 25- and 30- day-old capsules
were higher than those of the 15- and 20-day-old
capsules (Table 2).

Moreover, the seed weight per capsulewas
also different depending on capsule age. The seed
weight of capsule aged 20 days was higher than
thoseof 15, 25 and 30 daysin self-pollination, and
intraspecific cross, whiletherewereno significant
differences among capsule ages in interspecific
Cross.

However, the percentages of fertile seed of
all capsule ages (15, 20, 25 and 30 days) were not
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significantly different among three crosses.
Furthermore, at 25- and 30-day-old capsule, seed
weight was higher in interspecies cross than in
self-pollinationandintraspecific cross, whilethere
werenosignificant differencesamongthreecrosses
in 15- and 20-day-old capsules (Table 2).

Similar to the results of S plicata, seed
colorsvaried according to the ages of the capsule,
but were not different among types of pollination.
The observation showed that the seed col or of 30-
and 35-day-old capsules was cream. It was
distinctly different fromtheblack seed color of the
40-day-old capsule.

Seed sizes of S kimballiana at different

Tablel Seedsizeof S plicata.
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capsule ages in different pollination types are
shown in Table 3. It was observed that seed sizes
were not different among capsule agesif the cross
was made between species. For self-pollination,
the differences among capsule ages were found
only in seedsfrom 35-day-old capsul e whose seed
width was larger than those from the 30- and 40-
day-old capsules. It wasfound that inintraspecific
cross, seed sizesinthe 35- and 40-day-old capsules
were larger than that of the 30 day-old capsule.
However, self-pollinationandinterspecific
cross at 30-day-old capsule yielded longer and
wider seeds than intraspecific cross. For the 35-
day-old capsule, the difference wasfound only in

Capsule age Length (mm) F-test Width (mm) F-test
(days) P® Py x Py PxY P® Py x Py PxY
15 0.47b 0.65b 0.64b * 0.10c 0.13b 0.12b *
20 0.75a 0.64b 0.62b *x 0.15b 0.17a 0.09c *x
25 0.77a 0.75a 0.99a * 0.14b 0.16a 0.19a *
30 0.81a 0.76a 0.96a * 0.17a 0.17a 0.19a *
F_teg * % * % * % * % * % * %
C.V. (%) 11.84 11.64 9.48 11.73 11.58 16.55
ns = not significantly different, **significantly different at P < 0.01.
Means in each column followed by the same |etters are not significantly different at P < 0.05 as determind by DMRT.
Table2 Percentage of fertile seed, seed weight per capsule of S plicata.
Capsule age % Fertile seed/capsule F-test Seed weight (g)/capsule F-test
(days) P® Py x Py PxY P® Py x Py PxY
15 52.25¢c  55.08b 55.13b ns 0.246b  0.230b 0.246 ns
20 56.26c  58.62b  58.69b ns 0.313a  0.328a 0.341 ns
25 80.35b  74.71a  77.71a ns 0.256b  0.267b 0.394 *x
30 87.34a  79.62a 83.72a ns 0.234b  0.219b 0.354 *
F_ta * % * % * % * % * % ns
C.V. (%) 4.70 5.98 5.91 8.16 10.94 18.63

ns = not significantly different, ** Significantly different at P < 0.01.
Means in each column followed by the same |etters are not significantly different at P < 0.05 as determind by DMRT.



146

seed width, where self-pollination yielded wider
seeds than intraspecific and interspecific crosses.
It was noticed that there were no significant
differencesamong thethreetypesof pollinationin
the 40-day-old capsule (Table 3).

For self-pollination, the40-day-old capsule
produced 88.06 % fertile seeds, which was higher
than the 30-day-old capsule. For the intraspecific
andinterspecific crosses, the percentagesof fertile
seeds were not different among the 30-, 35- and
40-day-old capsules.

The30-day-old capsuleyielded the highest
seed weight (0.804 g), and the 35- day-old capsule
produced thelowest seedweight (0.434 g) for self-
pollination. For theintraspecific cross, the 30- and
40-day-old capsules yielded heavier seed weight

Table3 Seedsizeof S kimballiana.
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than the 35-day-old capsule. For the interspecific
cross, the 30-day-old capsule yiel ded the heaviest
seed weight, followed by the seed weight of the
35-day-old capsule. The seed weight of the 40-
day-old capsulewasfound to bethelowest (Table
4).

However, in al 30-, 35- and 40-day-old
capsules, self-pollination and interspecific cross
yielded higher percentages of fertile seed than
intraspecificcross, though seed weight washeavier
in self-pollination than the other two crossesinaall
three capsule ages (Table 4).

Experiment 2. Effectsof solid and liquid media
on seed ger mination
Theseedsof Spathoglottis, withthecapsule

Capsule age Length (mm) F-test Width (mm) F-test
(days) Y® YixYs YXP Y® YixYy YXP
30 0.63 0.45b 0.65 * 0.17b 0.11b 0.18 *
35 0.61 0.59a 0.57 ns 0.20a 0.18a 0.17 *
40 0.64 0.61a 0.64 ns 0.18b 0.18a 0.18 ns
F-test ns *x ns *x *x ns
C.V. (%) 8.41 12.37 11.88 11.67 8.74 9.76
ns = not significantly different, **significantly different at P < 0.01.
Means in each column followed by the same letters are not significantly different at P < 0.05 as determind by DMRT.
Table4 Percentage of fertile seed, seed weight per capsule of S. kimballiana.
Capsule age % Fertile seed/capsule F-test Seed weight (g)/capsule F-test
(days) Y® YixYs YXP Y® YixYy YXP
30 73.89b 52.86 80.90 * 0.804a 0.374a 0.441a *
35 81.52ab 54.88 89.89 *x 0434c  0.296b  0.307b *
40 88.06a 60.33 91.57 *x 0.531b 0.388a  0.285c *x
F-test * ns ns ** ** **
C.V. (%) 6.58 19.20 6.48 211 2.03 3.02

ns = not significantly different, *significantly different at P £ 0.05, **significantly different at P < 0.01.
Means in each column followed by the same letters are not significantly different at P < 0.05 as determind by DMRT.
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agesof 15, 20, 25and 30daysfor S. plicataand 30,
35and40daysfor S kimballiana, wereculturedin
vitrofor onemonth. The seedsgerminated rapidly
in aseptic culture. The embryos swelled and
emerged from the testa within 3-4 weeks, and
protocormscoveredwithnumeroushairs(rhizoids)
were formed.

2.1 S. plicata

The germination percentage and
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germinationindex of S. plicataon solidand liquid
media are shown in Table 5.

Seedsfromall crossesof S. plicata, the 25-
and 30-day-old capsule, startedtogerminatein 23-
28 days after pollination on solid media. Viable
seeds were swollen and turned green. Embryos
became so swollen that the seed coat began to
rupture. However, seeds from the 15- and 20 day-
old capsulesdid not show any germination signsat

Table5 Germination percentage and germination index of S. plicata in one month on solid and liquid

modified VW media

Capsuleage  Germination percentage Germination index
(days) Solid Liquid T-test Solid Liquid T-test
medium medium medium medium
Self-pollination (P f)
15 0.0b 0.0b ns 0.0b 0.0b ns
20 6.35b 8.99b ns 0.63b 0.90b ns
25 84.62a 94.64a * 12.88a 18.19a b
30 67.72a 72.29a ns 12.20a 14.07a ns
F_test * % * % ** * %
C.V. (%) 50.73 48.35 57.33 50.35
Intraspecific cross (P1 x Py)
15 0.0b 0.0b ns 0.0b 0.0b ns
20 6.72b 9.72b ns 0.67b 1.03b ns
25 78.83a 83.30a ns 12.45a 15.12a ns
30 90.61a 94.51a ns 15.53a 17.75a *k
F_teg * % * % * % * %
C.V. (%) 28.28 22.33 28.37 28.13
Interspecific cross (P x Y)
15 0.0c 0.0c ns 0.0c 0.0b ns
20 5.97b 8.25b ns 0.60b 0.91b ns
25 87.74a 92.73a ns 13.90a 17.35a *k
30 91.13a 92.77a ns 16.43a 17.36a *
F_test * % * % * % * %
C\V. (%) 9.44 5.06 9.09 10.27

*significantly different at P < 0.05, **significantly different at P < 0.01.
Means in each column followed by the same letters are not significantly different at P < 0.05 as determind by DMRT.
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that time. One month after germination, seeds
from the 25- and 30-day-old capsules devel oped
into protocorms. However, seedsfromthe20-day-
old capsule were only at 5.97-6.72% germination
rate which werelower than those of the 25 and 30
days, while those of 15 days did not show any
germination signs in one month yet.

In liquid media, the embryos from the
seeds of the 25- and 30-day-old capsules became
swollen and started to turn green within 14-21
daysafter germination. Incontrast, the seedsof the
15- and 20-day-old capsules did not show any
germinationsignsat that time. |nonemonth, many
embryos from seeds of the 25- and 30-day-old
capsulesbecameswollen and green, and they even
produced protocorms with or without shoot tips.
However, embryos from the seeds of the 15-day-
old capsule remained unchanged, while seeds of
the 20-day-old capsule germinated at 8.25-9.72%
started to swell and turned green.

One month after germination, the swollen,
green seeds or protocorms were transferred to a
modified VW solid medium and cultured for three
months. Thefirst primordial leaf appeared on the
top of the protocorms in approximately 40-47
days after germination, and roots were formed
around 63-70 days after germination. After roots

were formed, the complete plantlets developed,
but not all plants grew simultaneously.

Four months after germination (three
months after transflasking), the germination
percentage and germination index of S plicata
wereobserved. It wasfoundthat, al crossesof 15-
day-old capsules resulted in lower germination
percentage and germination index than that of the
20-day-old capsule (Table 6).

The 15-day-old capsule of S. plicata self-
pollination, intraspecific and interspecific crosses
had germination ratesat 32.41, 34.14 and 27.78%
on solid medium as in liquid medium of 37.34,
39.44 and 31.62 %, respectively. The 20-day-old
capsule showed greater rate of seed germination
up to 65.10, 67.40 and 73.89 % on solid medium
and 75.53, 82.60 and 80.68 % in liquid medium,
respectively.

2.2 S kimballiana

The germination percentage and
germination index of S. kimballiana on solid and
liquid mediaare shown in Table 7.

Seedgerminationof S kimballianaonsolid
medium showed that the developmental stages
were not different, though the differences were
more or less 2 or 3 days, among the three types of

Table6 Germination percentage and germination index of S, plicata in three months after subculture
on solid modified VW medium (4 months from germination).

Capsule age Germination percentage Germination index
(days) Solid medium Liquid medium Solid medium Liquid medium
Self-pollination (P ®)

15 3241 37.34 553 452

20 65.10 75.53 11.67 13.40
Intraspecific cross (P x P»)

15 34.14 39.44b 4.90 4.90

20 67.40 82.60a 11.76 17.54
Interspecific cross (Px Y)

15 27.78 31.62 453 3.89

20 73.89 80.68 15.12 14.13
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pollination and among thethree capsule ages. The
germination started inapproximately 14 daysafter
isolation with swelling of theembryos. In 21 days,
theembryosbecame so swollen that the seed coats
began to rupture. In one month, the swollen
embryosdevel opedinto protocormswithor without
shoot tips.

All developmental stages were the same
between the solid and liquid media in S.
kimballiana. Butintheliquid medium, theembryos
swelledfaster and greener thanthey didinthesolid
media. The germination rate was 81.94-97.98 %
and the germination index was 15.57-19.82 %.

Experiment 3. Effects of paclobutrazol and
banana on growth of S. kimballiana (Hort.)
Sander inter species cross

Seedlings were subcultured in modified
VW media added with 0, 0.01, 0.1, 1 mg/l
paclobutrazol mixing 50, 100 g/l blended banana
in each level of paclobutrazol concentration for 4
months.

Table 8 showed that paclobutrazol
concentrations did not significantly affect fresh
weight, plant height, leaf number, | eaf size, number
and root length of seedlings, whereas seedlingsin
the treatment with 100 g/l blended banana were

Table7 Germination percentage and germination index of S. kimballiana in one month on solid and

liquid modified VW media.

Capsule age Germination rate (%) Germination index
(days) Solid Liquid T-test Solid Liquid T-test
medium medium medium medium
Self-pollination (Y ®)
30 93.55 95.61 ns 17.16 17.80 *
35 93.19 96.81 17.20 18.11 ns
40 95.29 94.63 ns 18.21 18.79 ns
F-test ns ns ns ns
C.V. (%) 3.63 3.16 4.37 6.36
Intraspecific cross (Y1 X Y2)
30 93.70 97.98 * 17.40 19.19 ns
35 94.03 94.38 ns 17.99 16.60 ns
40 92.19 96.24 * 16.56 17.72 ns
F-test ns ns ns ns
C.V. (%) 237 273 5.93 8.21
Interspecific cross (Y x P)
30 86.75 86.75 ns 15.91 15.86 ns
35 8194 90.25 ns 15.57 17.17 ns
40 97.87 97.55 ns 19.82 18.87 ns
F-test ns ns ns ns
C.V. (%) 14.52 13.32 19.11 20.84

ns = not significantly different. * = significantly different at P< 0.05, ** = significantly different at P < 0.01.
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significantly higher in fresh weight, plant height,
leaf number, leaf length, and root number than 50
g/l blended banana.

However, mediawith0.1and 50 ¢/l blended
bananayielded thelowest fresh weight, |eaf width
and root number. Furthermore, leaf width was

Table8 Factoria analysisof paclobutrazol and bananaon freshweight, plant height, leaf number/plant,

leaf size, root number/plant and length of S. plicata x S. kimballiana.

Fresh Plant L eaf Root
weight height Number Length Width Number  Length
9 (cm) (cm) (cm) (cm)
Paclo 0 mg/l 2.24 17.72 3.09 12.46 0.65 8.27 7.47
Paclo0.01 mg/l 2.24 18.28 3.26 12.59 0.63 8.30 7.60
Paclo 0.1 mg/l 2.06 18.12 3.23 12.56 0.61 7.41 7.61
Paclo 1 mg/l 2.29 17.76 3.40 12.46 0.68 7.64 7.68
F-test ns ns ns ns ns ns ns
Banana 50 g/l 1.96b 17.48b 2.97b 12.10b 0.63 7.08b 7.72
Bananal100g/l  2.45a 18.46a 3.52a 12.93a 0.66 8.73a  7.47
T_tea * % * * * nS * % nS
Pax Ba ns ns ns ns *x ns ns
C.V. (%) 26.44 10.12 33.36 12.17 17.26 19.71 15.56

ns = not significantly different, *significantly different at P < 0.05, **significantly different at P < 0.01.

Means in each column followed by the same | etters are not significantly different at P < 0.05 as determind by DMRT.

Pa x Ba = paclobutrazol x Bananainteraction.

Table9 Effectsof paclobutrazol and bananaon fresh weight, plant height, leaf number/plant, |eaf size,

root number/plant and length of S. plicata x S. kimballiana.

Paclo  Banana Fresh Plant Leaf Root
(mg/l) (7)) weight height Number Length Width Number Length
) (cm) (cm) (cm) (cm)
0.0 50 1.95ab 17.23 281 12.43 0.71ab 7.39abc  7.56
0.0 100 2.52a 18.21 3.38 12.49 0.59b 9.15a 7.39
0.01 50 2.00ab 18.34 3.03 12.45 0.65ab 7.76abc  7.98
0.01 100 2.49a 18.22 3.50 12.73 0.62b 8.84a 7.23
0.1 50 1.81b 17.35 3.02 12.02 0.58b 6.41c 7.48
0.1 100 2.30ab 18.89 3.45 13.10 0.64ab 84labc  7.74
1 50 2.08ab 17.01 3.04 11.52 0.59b 6.77bc 7.86
1 100 2.49a 18.50 3.76 13.41 0.77a 8.51ab 7.51
F-test * ns ns ns *x *x ns
CV. (%) 26.44 10.12 33.36 12.17 17.26 19.71 15.56

ns = not significantly different, *significantly different at P < 0.05, **significantly different at P < 0.01.

Means in each column followed by the same letters are not significantly different at P < 0.05 as determind by DMRT.
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wider in mediawith 1 mg/l paclobutrazol and 100
g/l banana than the media without and with 0.01
mg/l paclobutrazol and 100 g/I banana, and with
0.1 and 1 mg/l paclobutrazol and 50 g/l banana
treatments (Table 9).

DISCUSSION

Seed sizes and percentages of fertile seed
of S plicata were significantly different among
capsule ages in three pollination types. It was
noticed that the older capsules possessed larger
and more fertile seeds than the relatively younger
ones(Tableland Table?2). Therefore, older capsule
agesof 25and 30 daysresulted inlarger seed sizes
and higher numbers of fertile seed, probably
because the seeds were mature. But the younger
capsulesof 15and 20 daysstill had morethan 50%
of fertile seeds.

In contrast to S. plicata, the older capsule
age of S. kimballiana did not yield greater seed
size, except for intraspecific cross. The high
percentage of fertile seedin older capsule agewas
found only in self-pollination, however, in
interspecific and intraspecific crosses, too, there
was a potential for older capsules to produce
higher percentage of fertile seed in comparison to
relatively younger ones.

However, in both species, it wasfound that
seed weights of young capsule were heavier than
those of relatively older capsules. Thiswasdueto
the lower seed moisture content in seeds from
older capsules. Thecell of seed coat died at maturity
and developed transparent walls. Though both
speciescould gain their potential capsulesizeand
weights at the beginning stage of maturity, the
capsule should be kept longer in the mother plant
inorder to nurtureyoung seedsto maturity. So, the
older capsules could produce more fertile seeds
than did younger capsules.

One month after germination of S plicata,
the 25- and 30-day-old capsules, in al three
pollination types, yielded higher germination

percentages and higher germination index than
did the 15- and 20-day-old capsulesin both solid
and liquid media. Four months after germination,
the 20-day-old capsule increased germination
percentage and germination index. However, the
germination percentageand thegerminationindex
of the 15-day-old capsule remained lower (Table
5 and Table 6). This finding was in accordance
with Anderson’ sreport (1967) that the age of the
seed might play an important role in the rate of
germination. And asinthereport of Rao and Chua
(1978), it stated that S. premier required 2 weeks
between pollination to fertilization and 4 weeks
for seed development, then fruit dehiscence in 6
weeks and percentage of seed sterility was 85.71.

X, kimballiana (Hor.) Sander

Figurel Flower characteristicsof S plicata Bl.
and S. kimballiana (Hort.) Sander.
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3. plicara intraspecific cross

5. plicata interspecific cross

Figure2 Protocormsof S plicataBl. onsolid (S) and liquid (L) mediaat 1 month after germination of
15-, 20-, 25-, and 30-day-old capsule.
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It seemed that high germination percentage
and germinationindex of S plicatawasassociated
with high percentage of seed fertility. It was quite
clear with the 15-day-old capsule. The results

& kimballiea sell-pollination

5 kimballianae miraspecific cross

Figure 3 Protocorms of S. kimballiana on solid
(S) and liquid (L) media at 1 month
after germination of 30-, 35-, and 40-
day-old capsule..

appeared to concur with the findings of Lucke
(1971) who stated that orchid seedscould be sown
when the seed was halfway between fertilization
and ripening of the capsule, and seeds should not
besowninvitro beforethe capsulewas about two-
thirdsripe. However, hisfindingscontradicted the
findings of Rasmussen (1995), who reported that
invitrocultureseedstakenfromimmaturecapsules
generally germinated morereadily thanripeseeds.
Their different findings may be due to genetic
differences or due to the differences in species
used. However, Arditti (1982) reported that
whenever possible, the culture of immature seeds
from green capsules was preferable to that of
mature seeds from ripe capsules because it saved
time and was simple, and thiswasthe only way to
obtain germination.

The effects of capsule age on germination
percentageand germinationindex of S. kimballiana
were not different. In addition, there were no
differencesbetween solid and liquid media(Table
7) inthisregard.

Theresultsof S. plicataand S. kimballiana
were consistent with the findings of Kongmanee
(2001), who madeastudy on seed germinationand
seedling devel opment of Dendrobiumscabrilingne
Lindl.invitro. Sheindicatedthat seedlingscultured
in liquid medium with normal concentration of
modified VW had the best seedling devel opment.

It was also noticed that the 25- and 30-day-
old capsules of S plicata and 30, 40-day-old
capsule of S kimballiana were suitable for
germination. They yielded high germination
percentages and good development of seedlings.

Different concentrations of paclobutrazol
did not significantly affect fresh weight, plant
height, leaf number, leaf size, number and root
length on hybrid seedlings of S kimballiana x S.
plicata (Table 8).

It was reported that paclobutrazol reduced
shoot growth, increased root to leaf ratio and
tolerancetowater stress(Swietlik andMiller,1983),
reducedinternodeel ongation (Barrett and Bartuska,
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Paclobutrazol S, kimballiana x 8. plicata

Omg/

0.01 m g/l

0.1 mg/l

1 mg/l

Banana 50 g/l 100 g/l

Figure4 Seedlingsof S kimballiana (Hort.) Sander x S. plicata Bl, 4 months after subculture on solid
media




Kasetsart J. (Nat. Sci.) 38 (2) 155

1982), and reduced | eaf surfacearea(Wampleand
Culver, 1983). Kititrakunyanun (1999) al so showed
that when paclobutrazol concentration increased,
the height, fresh weight and dry weight of the
orchid plant decreased. The present finding was
not consi stent with thesefindings. It might be due
to the use of low concentration of paclobutrazol.
However, it seemedto agreewith Chaithanu (1999)
that media added with sugar and 0, 0.001, 0.01 or
1mg/l paclobutrazol wasnot differentin producing
the numbersand sizes of tuber or root inall media
insometerrestrial orchid, Habenariarhodocheila
Hance and Pecteilis sagarikii Seidenf.

Arditti (1968) reported that banana fruit
tissue contained growth substances, which might
enhancethegrowth of orchid seedlings. Moreover,
Arditti (1982) also indicated that banana
homogenate could enhance the growth of orchid
seedlings or plantlets. In this experiment, 100 g/l
blended bananayielded heavier freshweight, taller
plants, moreleaves, longer |eaves and more roots
ininterspecific crossof S kimballianax S, plicata
(Table 8). Therefore, it was possible that though
banana could enhance the seedling growth, the
amount of banana used would depend on the
orchid species to get satisfactory growth rate.

Even though the single effect of
paclobutrazol and banana yielded clear results.
The combination of these two treatments did not
provide enough evidence to draw a general
conclusioninthiscross(Table8and 9). Although
low concentration of paclobutrazol did not retard
theplant growth, thecombination of paclobutrazol
and bananaseemedtoinfluenceit. However, since
paclobutrazol was one of the plant regulators, it
should beappliedintheexact amount. Theamount
lower or higher than acertain quantity could cause
reverse effects. That was why some plant growth
increased in single paclobutrazol treatment. The
present results might not be very clear because
there were only four concentrations of
paclobutrazol used in this experiment. Therefore,
it is necessary to extend the research with more

concentration levels of paclobutrazol. By doing
so, it is hoped that the combined effects of
paclobutrazol and banana could be found.

CONCLUSIONS

Thestudy on seed germinationand seedling
devel opment of SpathoglottisBI. orchidscould be
concluded asfollows:

1. Color, weight aswell assizeandfertile
seeds gradually developed in S plicata and S
kimballiana. The older the capsule age, the larger
the seed and the higher the fertility rate. High
germination percentage and germination index of
S plicata were associated with high percentage of
seed fertility.

2. Ingeneral, seed germination of 25-day-
old capsule of S. plicata and 30 days of S.
kimballiana saved time and could reduce time of
pollination because the number of fertile seeds,
germination percentage and germination index at
these ages were not much different from the ol der
capsules.

3. Theduration of the development of the
seeds to protocorms (one month after sowing)
depended on the in vitro culture mediain both S
plicata and S kimballiana where seeds swelled
and turned green in about 17-22 days after
germination in liquid medium which was 6 days
faster than in solid medium. Therefore, seed
germination could develop in liquid and solid
media

4. The0,0.01,0.1and 1 mg/! paclobutrazol
supplement in modified VW medium did not
significantly affect the seedling growth of S
kimballiana, while 100 g/l blended banana in
media promoted seedling growth in fresh weight,
plant height, leaf number, |eaf sizeand root length.
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