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SUMMARY

I. Title

Development of the Marketable Production Technics and Elite Line Selection of

Calanthe spp.

IT. Purpose and necessity of research

Calanthe spp. which has big flowers with various colors is Korea's native orchid
with developmental values of floriculture. It can be regarded having very
developmental values as favorable export flower item because of its preference in
Japan. Recently with introduction of WTO system, concern about our native flowers
is increasing. But systematic researches plant breeding, propagation, cultivation of
native orchid have not been performed. Thus our precious resources are being
decreased by wild-gathering without sense. Out of $25,766k of flower import in
2002, the orchid occupies $14,892k, 57.8% of total flower import amounts. Also
considering most of these are foreign breeded species, the systematic research for
floriculture of native Calanthe spp. is very urgent.

The seed of orchid is very minute and fertilized cell is composed of imperfect
embryo with hundreds of cell. Because of these characteristics of seed, the
germination can be made only by symbiosis with mycorrhyza and the germination
rate is very low in natural conditions. Especially seed of Calanthe spp. is very hard
to be germinated, thus for the floriculture it is very important to increase the
germination efficiency of seed.

Therefore this research was conducted for development of mass production

technics, new breed rearing and flowering control technics in order to develop new
breed of our own in preparation of UPOV, to increase farm income by flowering and

to create substitution effect of import and export effect of orchid.

[I. Contents and scope of research



Sub-subject Contents and scope of research

* Collection of heredity resourses and investigation
Collection of heredity|of characteristics

resourses and selection of|* Selection and fixation of elite line of natural
elite line variation

* Breed registration of elite line
* Technic development of highly efficient seedling

production by seeding
Developement of mass ) ] ]
) *  Production technic development of meri—clone
production ) . ]
seedling by culture of growing point

* Study on flower physiology under natural

condition
Developement of year round ) ) )
* Technic development of forcing and retarding

production .
culture by treatment of environment and plant

growth regulators

IV. Results of research & development and suggestion for

utilization.

1. Characteristics and elite line selection of genetic resources of native
Calanthe spp.

This studies were carried out to develop native Calanthe in Korea. Calanthe
native to southern islands in Korea has beautiful flowers with various colors and
sweet fragrance, and it has been reported to have great ornamental value. So, It
was conducted to select Calanthe cultivars which can be used for ornament from
1995 to 2002. According to the morphological characteristics of leaves and flower
color, 57 horticultural lines of Calanthe were selected in group of natural crossing.
Among these 57 lines, 6 lines were evaluated highly in ornamental plant. As a
result, it was considered that these developed Calanthe lines were worthy of utilizing

as ornamental plant in the field or indoor gardening at flower pot.



2. Breeding of ornamental cultivars in native Calanthe spp.

1) Development of 'Narae’ and 'Saekdong’

The characteristics of the classified 57 lines have been surveyed for three years,
and showed stable manifestation in two lines. And then, two lines were developed
and given names of horticultural cultivar such as 'Narae’ and 'Saekdong’. The
major characteristics of the selected lines, 'Narae’ and ’'Saekdong’, were as follows.
Flower color of 'Narae’ is deep purplish red, and that of 'Saekdong’ is reddish
orange. And lip color of 'Narae’ is white, and that of ’'Saekdong’ is yellow.
'Narae’ has strong fragrance and its blooming shape is flat-blooming type. But
fragrance of ’'Saekdong’ is weaker than that of 'Narae’. 'Saekdong’ has a
inner-bended blooming type. According to the morphological characteristics of
leaves and flower, 2 horticultural cultivars made out a survey standard and
characteristic table. A survey standard and characteristic table were made up 39

items.

2) Breeding via self- or cross-pollination

Selected 57 lines were pollinated by self- or cross—pollination. The seeds were
treated with ultrasonics for 15720 minutes, were sowed in Murashige and Skoog
medium. The 22 lines were germinated by self-pollination, and in spite of the
embryo formated lines, 6 lines were not germinated. Among the 22 lines, 18 lines

were showed percentage of germination was promoted, compared with other lines.

3. Improvement of asymbiotic seed germination efficiency

The condition of asymbiotic seed germination in Calanthe discolor, C. sieboldii
and C. hybrid was improved by pretreatment of macrosonic waves for 30 minutes
and absorption of seeds in sterilized water for 7 days at 25°C. Percent of seed
germination was the highest on the medium containing with 3 g/L hyponex, 2 g/L
peptone and 0.5 mg/LL BA when seeds reached to 1207180 days after artificial
self-crossing pollination were cultured after pretreatment. There is no difference in

germination percentage among species. The germination rate of liquid medium was

,10,



higher than that of media solified with agar 8g/L, especially it was higher in HsP:
medium than other media. Liquid culture method was more effective for early
germination during 60 days after sowing. However, germinated seeds with penolic
compounds were transferred into the same composition of agar medium in order to
promote their continuous growth. Adding 20 ml of sterile water on surface of solid
medium in 250 ml Erlemyer flask showed good result in seed germination compared
with other treatment. Propagation of PLB derived from seed was more increased in
MS or 1/2MS basal medium containing with 0.5 mg/L BA and 1.0 mg/L NAA. The
rates of PLB formation in Calanthe discolor, C. sieboldii and C. hybrid were 35.2%,
35.1%, and 38.7% respectively. Seedlings derived from seeds of Calanthe discolor
and C. hybrid were transplanted into greenhouse successfully and these seedling

rooted 100%.

4. Establishment of multiple propagation system through apical meristem or
flower stalk culture

Contamination rate was observed in root tip culture as the most serious, then leaf
section took second place, axillary bud and apical meristem followed respectively. It
was found that various kinds of sterilization treatments didn't effect on
contamination rate of initial culture. Sterilization after removing the outer leaves
gave lower contamination rate compared with without removing the ones. New
shoots were kept under low temperature(7C) for 1 week as pretreatment to reduce
the browning in apical meristem culture. The same low temperature treatment done
before first subculture showed lower browning rate. Supplying 20g/L activated
charcoal into media as anti-browning additive gave lower browning. It was
observed that culturing apical meristem in December influenced to reduce browning
rather than culturing in August. Small amount of PLB was induced from axillary
bud and meristem culture on MS media containing NAA in combination with BA
and NAA in combination with kinetin. Some PLB was observed from axillary bud,
meristem and internodal section of flower stalk on MS media containing 2.0 mg/L

NAA in combination with 1.0 mg/L. TDZ. The highest survival rate, PLB

,11,



multiplication and shoot regeneration from PLB were recorded on MS medium
supplemented with 1 mg/L NAA, 1 mg/L. TDZ and 5g/L activated charcoal.

In conclusion, by reducing the browning of explants cultured and selecting the
suitable medium, 20% and 50% of PLB can be induced from Meristem and axillary
bud culture respectively. PLB multiplication and plantlet regeneration were done

subsequently to produce plantlet production.

5. Suggestions of usage on tissue culture

The results for multiple production of plantlet were used for plantlet production
farmers, industrization and agricultural technique usage data for district agricultural
technique development center. It will be used for model system of techique

development for plant tissue culture production.

6. Characteristics of growth and flowering of Calanthe spp.

When the mean temperature became above 5C in April, the flower bud sprouted
and about 10 days after the inflorescence emerged. The flowering was observed in
late April when mean temperature went up to 10C and florets wilted in mid May.
Duration of flowering was about 15 days. As a result of observation of axillary
buds which were detached at the 4th, 5th and 6th node from the base of pseudobulb
after flower wilting of C. discolor and C. striata, 4th buds produced six scaly leaves
and after that did not grow further. However, 5th and 6th buds produced nine scaly
leaves and were developed into flower buds in early July when the mean
temperature went up to 20C. Flower bud formation progressed in order of growing
point enlargement, primordium of bract, floret, petal, sepal and column, and lastly
pollen. Flower bud differentiation of C. discolor began in early July when the mean
temperature was over 20C. After that, florets of various developmental stage were
observed. A pollen formation which reached to the stage of floret completion was
observed in early August. Flower bud differentiation of C. striata was observed 2
weeks earlier than that of C discolor and pollen formation was observed one week

earlier. It took about 30 days from the differentiation of floret to the completion

,12,



regardless of species. The flower bud was almost completed in late September
when all florets reached to the stage of pollen formation stage. The content of
reducing sugar was high just after flowering in late May but after that decreased
rapidly and did not change further. The content of non-reducing sugar was
increased gradually during the examination. The starch content was increased
continuously until July, early stage of flower bud differentiation. After that, it was
decreased rapidly and showed the minimum level during August and September
when the floret formation was at peak. In October when the floret formation was
completed, starch content was rapidly increased again. It was thought that the
starch which is storage sugar was used for flower bud formation, because of rapid

decreasing of starch with the flower bud formation.

7. Forcing culture technics

In order to force the culture of Calanthe, the low temperature treatment and GA
treatment were necessary. The adequate low temperature treatment was needed at
least 60 days at 1C and the adequate period was after mid October. During the
period of before mid Oct. when plant is deep dorment, the treatments of longer low
temperature and GA were necessary, and even after mid Oct. for more effective

result, GA treatment was necessary.

8. Retarding culture technics

It was possible to retard culture of Calanthe by planting at proper time after
stored at refrigerator of 1C. Also the time between planting and flowering was
taken 26 days in early period, 20 days in mid, and 13 days in late. The flowering
was accelerated as the planting time became late and was shortened by 4 days
under GA treatment. But as the planting time was delayed, the flowering was
accelerated but the growth of flower stalk was retarded to depreciate ornamental
value and to shorten the flower life. Considering these problems, the retarding
culture of Calanthe by low temperature storage was concluded as proper until mid

May. Also GA treatment was effective in accelerating flowering, flower stalk

,13,



growth, and in prolongation of flower life, and it was considered to be highly

practical in retarding culture.

9. Practical storage method for flowering control

In some farmers, lots of space and manpower are required to store pots of
Calanthe for forcing culture in low temperature. From this research storing plant
without leaves in humid vermiculite was clarified as harmless.  Therefore this
method can be used in forcing and retarding cultures by Calanthe farmers because

many pots can be stored in limited space with less manpower.

10. Breeding of new cultivar by flowering control

Generally the natural flowering of Calanthe spp. is late April, but by
cross—breedings of different species with different flowering time or of different
species by using the forcing and retarding culture methods, new breed can be

developed and the breeding time can be shortened.

CONTENTS

SUMMARY--——-----—"""—=——————— - 2
Chapter I. Outline of the research project-———--------"----—--—— 19
Secion 1. Necessity of research and development-——-----———--—- 19
Secion 2. Goals and contents of research and development——------- 22
Chapter . Present status of domestic and foreign research-———-—------ 26
Secion 1. Present status and problems in domestic technologies———-—- 26

,14,



Secion 2. Present status and problems in foreign technologies——----- 26
Chapter III. Research details and results-————--—-------------———~ 27

Section 1. Methods and experimental design——————-——————————— 27

1. Characteristics and elite line selection of genetic resources of native
Calanthe spp.——————————"—"—"""—"""—"""~"~"""~"~"—~"~"~"—~~~——"— 27

2. Breeding of ornamental cultivars in native Calanthe spp.——————-— 27

3. Establishment of asymbiotc germination method and improvement of
germination efficiency-——--—-—---—-—-—-——--"---"—"-"-"--"---— 28

4. Repropagation of PLB from seed and growth of seedling——----- 29

5. Establishment of multiple propagation system through apical meristem
or flower stalk culture-———"--—--""-"-""""""""""""""- 30

6. Development of year round productionForcing culture technics——— 33
Section 1. Contents and results of research and development———--—- 36

1. Characteristics and elite line selection of genetic resources of native
Calanthe spp.————————————————————————————————— 36

2. Breeding of ornamental cultivars in native Calanthe spp.——————- 47

A. Development of 'Narea’ and ’'Seakdong’ through selection of genetic

resources of Calanthe spp.——————————————————————— 47
B. Survey standard and characteristic table-——------—---—- 49
C. Breeding via Self- or Cross-pollination-————-——-—---—----—- 57

3. Establishment of asymbiotc germination method and improvement of

germination efficiency-————-—-——-------"""""""""""———— 60
A. Germination efficiency by media and pretreatments———-—-—-—- 60
B. Germination rate by physical property of culture medium---- 63

C. Germination rate by amount of sterilized water added on medium-

D. Germination by days after pollination-————-——----~-—-—- 68
4. Repropagation of PLB from seed and growth of seedling——----- 69
5. Establishment of multiple propagation system through apical meristem

or flower stalk culture--—-——----——----"---"--""-"-"-"-"----—- 71

,15,



A. Establishment of initial culture and sterilization method of apical

meristem-—————————————————————————————————— 71

B. Establishment of reducing browning method of explant-———---- 73
C. PLB induction———--———-=—""""—"————————————— 76
D. Multiplication of PLB--——-——---—-"--"---"""------—— 84

6. Development of year round production-——-----—--———————— 86

Chapter

A. Characteristics of growth and flowering of Calanthe spp.————- 86
B. Forcing culture technics————-----—------"-""---—---— 104
C. Retarding culture technics————---——-------"----——~ 112

IV. Accomplishment of research and contribution to the related field——

Section 1. Achivement degree of research and development-——----- 115

Section 2. Contribution to related fields——---------------——~ 119

Chapter
Chapter

V. Application plan of the research results---—-—---—-------- 121

VI. Foreign research results related to this study----------- 123

Chapter VI. References—————-------"-"""""-""-"""—"—\-"-———————— 124

14
A2

A 3%

,16,



A14d A7

4. A% PLBO AZH B FHE] HA - 29

5. ARH R BB G 3

6. AN 2 A B 33

2 HETAY W 60

off m

g A e ggel me E4

o)

4. =29 PLBO A=

5. AAH R B WG 7]

HA(PLB) B4~ 7§
SRR

2]

o,

A 8

=
<]

2]

o,

6. F AN AR AT g

7. AAG NS B T oo 86

Bl 11

H

Ao 7] % 2

b A Al 7] =

3

R A 7

3}
o}

2 9

(Rl

A4g BRGAE D BABEY AT 115

N

™

€l
=

A1

,1’77



A2 BABOFE 7] 119

A5H AFALBHE) BEAF - 121
A6 AFALHZANA 5L A FHB7) A B 123
AT B LB 124

5}, TASto| W2 T2 =AQJE Alolo] 1gke]
F 571 FA 2
th ol wel AAAES o] &3 LAY FY olE FZF Fo Ao g 477t
[e)
X

= slo] Abdelth Wi =YFES el AASG o] grA ol A A
o

o|N

,18,



o] A3 AN =] AT} UPOVe]

=
=]

o
[e)

<

o

ojp

Mo
ol

o
=

o

o

<> 3}

=

ol ul
=

gle] Al

o

-

o

=13
=

71ES A

°F 1007150%©]

49, 55 Al
4 = ol

Ay

]

[e)

=

o A LA FH oA, FuhA g7

)

ol

Setere] 4
e &

b gl

t=d 2% A Y Calanthe

o

I

Al W7F =E2 7

9

o= 74
Aoz )3}

Al
h=

sl
ZS|

o] Lh

2 ognt, ok o), ol
1 dch 28l AEANFHC reflexa)= AFE

49 dol A 5z FEA
3

1

o
&

.

i

I
oA 8
ol

dicolor)
o]

ol

00
™
K
oR

o

o

=
o

A
£

K

o

=)

5

RIK
o

ol 54

i

k]
pl

]_

stz el FE7EA 7 vt
A el o

=

2

¥

atof

S

s st

OO]:

|z 2w spdo] v}
o] A wrolgith © Qo] 2 WTOA A7}

=

oA 7Hx7F "ol - H(C striata)

]
SiKe)

5
Rus

] S=obA of57}

A Al

9

N
A

i}

<0

7}

5

<

|

sk 7

SERT I

oF
To

9

)

—

i

ot

o 7hal A+ A= AL

X

A

R
L

H71 <18l A

9

A o 3}

2

pu

ol 87} =] A]
o] mj ofel¢m o=

-

2

¥

Al
Al 7]l

R

o

}_

5

-

2

bogle Agwel A% W

oA A}

©

24
ihcly

[

w ol 2@ AFE Aujso] gk o

=

1o
o
il

il
o

B
A
"

A

7]

ot

9

2

)
=

ol

ne
=

114_.
J= Metxd e 7l

<
T

7} el
5

(A

S
=
=

K
w:

B

~
Njo
—_—
fi%e)

N
Mo
~
B
;OL
=]

,19,

bt

ko]l Al

o] o3t 7]



Aoz F7heta = dadd = 43 UPOV AT + A= AM=Z&

U AT ddst 8o F50EE B3 FF 449 A Wete] dadt
Aot
o S A% (b9l - whee)
A% 90(A) '97(B) ol ¥l (B/A)
Tz nE A3} =R A3} e st
o 118 26 1,689 175 143 6.7
* A7 FEE-(1998), 38 Al vl A 3

-97d = ﬂ?l]% FHd T R Eo] BEL 63.7%, A3k 80.6% AHA

~N
=
=
0,
fd
ox
>
1o
>
2
ot
Sh
o
ofy
o
ﬂ‘
=
1o
juio)
Ho
E
o
©
(e}
X
o
O>'
oz
ot
ol
Hi
k=l

7F 97d =] 19193 GNPE 951198 & 75l % 6002 2o H|ste] 1598 Z7}3k ut
o1 ¥ An|de 12610902 6640 F71E Ao R Hol GNP7F FHoldel ulzt

E avlolm FrhsAw £ avlole F7h GNPY FAhsmnT 24 wE Aow F

2
AE AES MR Srbske anlel oiud AR F5ZEC] AlFT Aol

v A S 22 BT =2 A2 F2ER AR Qlste] vl A
sbal o, 1 A g-2le] Aflo] nAE L Tk

Fefol s-uetels A &=

M g0l TR 7ESA sl At Fo v ey E oA S el vkt

wAF el 2 Aoty wEk =W FEFAA e B, a5, BE B 28] Hy A=
2

M9l AN HASNokE BaAol Yom, ost Be Y3
1=}

,20,



mK
B

A 2 A

L

N

e
wjr
K
A
o
=
ok

(0]

ol

o0

o 9|

SE

=
o

o

o S A A e A 6 g

,21,



o AAdee] ey E T

o AAe % GAA Y o7 A B A vENE

,22,



- L=
E"'EQ:I— 1—H_g_

< o))
L
= ¥ Mo -
SO o o) o
T M dp ad L =
ZTHT_ ~ o Mnge = =0 Mnga =3 -
F - - ® o ) IS
0 == PL] i
g ® oW < s <3 T
« s o ® ol 5 e 23 v <
_ < N ) = e =
@ TOLE T T e ir T2 R * 2U%
Pl g N do o |2 o 2 LTS W | J N
o S o d = T R 5 X il poow
ol ® L E EXE e S R S | o =
ﬂ@ﬂﬁAﬂ ﬂwxlo wﬂ%}ﬂéﬁ 2= L PRI
= Mo e alo%w ol T x T D s X K o T E
A Ho o B R uuxo,mn T8 ﬂos N X H
@Jmfﬁxa %oakoﬂ ° mﬂgmﬂ@d o o R
Ca 0w 2 mo|® & £ U No ) H Om P = .
= = T bo =) X oy o e o Of ~ ° B H = T
T LW T T % | Zo oy B g Mo g Ak Sl oy ©
%! o < %o o- o ol 0 J o ofp N 0 =] m w T T
oE 5 m,# MD\O o = o o7 Mo 5 L+ B mK 0 m“m gy N o i o w N m = B
T RO .. —_ = X o L — . —_ — —
B ,%mJuxq@ﬂgzos@mxﬁzﬁﬂrAﬂthxgv S
X M R W = S " in%A - X
o R N X e R ﬂ%_@r? o UAM%@ o0 B> R ~ r
T AR _n%@%#%ﬂ e ﬂo%ﬂ%ﬂ%%g PELx o .. B o E
oaniuxwlov@oﬂmm??ﬂmﬂ%wmﬂemmwwﬂcowMco?mo Mﬁmﬂ
Lo ~ %72%%ﬂmmuﬂ.§@ﬂzm&wwswﬁgwﬂ,w
# wa © © O 7ﬂu1xro%ﬂo Mhamoﬂﬂ.7§%uxﬂﬂ
il A o m W ovmodlmomxﬂl%c:|§1noﬂo,ugalﬂgoﬂo
‘.ME OT = o = o zo r e ) G = HT —_ ‘V = <
Z = & 5L 7@1_z m%mrlﬂr}ﬁx )
= |X = oTAL I n_A|Lo€_ Cﬂ”lhﬁo,ﬁﬂ% -
T |o X —_ o Ak L %0 el Z o ~ N wo of it
B/ X C- ~ o 0 0 w © o ouliea ny
oF o o No Mo ol =0 mﬁ & L nl =
k) oF o o M_ﬂ nﬂnvlo - = oF W
N 53
+ o F B
- = 7o
:
Moo~ o Wr
=
jrig e
_22
X &

- 93 -



)
"
4o
% < X7 R
0 = =0
: y * G o %
) - X " =0
= o o o |La® O : __o
= =) =0 ™ o = o LY o = z
K = - = o =K R He mﬁ_ H X N g
~ [ % = —_ 0 =
ﬂo z,f Qu Zxﬂ V oﬁa Eo = X 3] io M_m o ~ e # = o
v T b BT G wE T : e
S — T o T = & KA 2o I ) o N
N wr —~ '~ = 5 H o N o J o )
o |[<E oo = X g o Z o~ T oF X ™ F — .
= ?a._.io " % X = meS,on - = o N =
- K B o= © o T < B dv 75 = o il = N
i T " o %(Aﬂ < T = i
3 = T g Plo o= dr 0 i o < < o 7 = = - s
X ,umo = ﬂ “Aro —_— OT_ ﬁSA = A N q o W Al =
ok ot N 7o < o o X < No B M o < Mr
. Tr 8o ‘ULH U_K Z.ﬁo OT o UHH N ;OL = 0 mo ‘_lﬁ_Al “%
ol K B Y B o oy ~ T m o T
% Mm% X o iy < N = o T T N
so XE M) % Por T i) .0 ol 50 ol = dﬁ So _ oE T oy
T A XX o < o= 8 B o= = )
o X or Mo = o B E s N B
o uRL N =3 %@%mol% dr Ao W WP T
o ! N = B | %0 Mo mle =K = _, =y ot of
o O ﬂ lv_Al © =5 o) }L 7 < U;A zi xr X ..#
o) o A = 2 o ®R Al W
B ~ N o o = [ i o 1 mg ) = ol
U.r! J_,AIL ,‘ME o J-E XO ﬂ X 1 \lﬂ Z.#O OO 1% ﬂﬂ.ﬂ” ‘mry
o =KX RO = ! _ﬁ o ° = —_
el OW =K e = = o= = - T
nynﬂ1% T E ﬂu@ o= K
s oﬂ Mu T <o H o X RO Mr N <
T = o = W 15
~ ﬂ " N
o = x|
O XU ﬂDl ,WH
—~ —
%o B IO e
e RO At -~ o
o AL
o T T G
? =
=
L o
u_m 3 Nr
e ()
N

1

- 24 -




R A7 WG L
o A o 7] #HE AT FAAAS HFoRE AHHA Fo A
FAAY FH[F5E 2 ddA o)A & AN 4
L - e FEiA, e sl A
A S A 4% 24
o FAAY AVIRE A wiH
o $FAT FETTH
o F¥AE |o WHARE AiE I
o &2 - A W EFA FAZE == ovtE ok, 3ol ofg o4
Al gk |2 WxEky] 93k ArAle] FF ¥ (Benlate,  Sodium
hypochlorite, Calcium hypochlorite, physan, Agro mycin,
ascobic acid, citric acid §) =¥ Aoy AW 1, 2d
A B A oA 2T Al A = gle
wgol, wH ol 2ol ofg FAHES WAst] A wj gl
&3t ol 8T F A=EF I
- AFZHEA ] FF(NAA, 24-D, IAA, kinetin, BA, TDZ
5) 2 F%, Z+% H7FE(Coconut water, AM2E, A, Hl
33 A= Uus )& A ¥ seok 2o Hrbste] 27
(2002) A vk, PLBE g 53 S48 ofyel Ao FESA

|
‘)—‘
[\
i
2
2
=y
2
oo x T
e
32
L
B
)
=
o2
g
-
to
lo,
fo

= .
- w8 Aol 9@ YR

hul

[e}
S =
- Bioreactor ¥ % Eujokul

2

0122MdE A SAR A Al At A2HT
of thaf A =4
0GA A A 7o} 2xgke] FA | thate] FAL

oztHstar FAHR AA A7) = 2 H

,25,




=2l 7=

M2 &

goltt.

3

Ul
o}

Ao 37 o]y

3

Il
X

wr

1 9

)

[e]
A 54

=

=

A

X

o -7

Rl

=y

&t7] o

ZA7F B=35

A

gl

@ Apmel s

ol o

_EH

AR2 FE3}7]

W 2ol Wzk AuhErre] AS AujA

o

o)
P

al

B

, A1 el A o
g Ay Z1EA el HupEA R

A el qfRe] AR V)

1‘5}

goltt.

)

<N
ok

7ho] o g

A

7h3 A9}

=

o

NFgo] AAAROZ o]FojA T4
AR o] A

3L &
o

LA v

pul

k]

A -2l o

(e}
o
+ 7]

ko]
Rl

7
e

94

=

12

1 o 3}

T
=

e
o

H&o]

)

GISH”|

ul
=

RAPD”]<=3} FISH

o

,26,



o

T ®
wo]m_uuﬁ.ov
zuﬂzn,io_aﬂ
A W u = =
aw.mwﬂo_a?wwﬁ
qu__o < o
< % o mfv _ﬂ% o M_ﬁol w 0
%4@%%%@%% »reT
@%%%%7“4;%% a_xzoﬁimw
ﬁﬂﬂﬂ]ﬁjli7 H
éﬁieﬁ%w@_cﬂ Mw%w@ mﬁﬂom
o ff_i;a ) 2 . 2w
ﬂluo_ama = ~ = iuJo_azzo ﬂlzo N o
LZcMeﬂ_nﬂ]_ﬁl]ﬁdﬂﬂ.mha onﬂ‘aﬂ \El;oL]\.kI,:ﬂ
OTiﬂ#ﬂAELAC mﬁ_cﬂi% %%ﬂﬂ]mmm
ﬂm%ﬂw_ﬂﬂgm_um %wzze dﬂ%ﬂfs
@%%ﬁk&%ﬁ%w ;Eﬂ% ﬂﬂﬂ,ﬂﬁ.i
Com,anAwﬂ deud o_amﬂmﬂo_aﬂ d._zﬂﬁeﬁ,_aeo#
o ﬁﬁz _}1m o * - R Mo
ﬂﬂ ~ ﬂ%%o7d ﬂ#xoige,ﬁ ﬂLﬁHOHEﬁJIW
kag}gnof : (B T + T
%uojul_] uﬁmo.m Jﬂrug4 aﬂzgﬁx M
oTxAﬂ}Eoo x O%%#E Aﬂ@ E:_gum
wr%t7 Efo ﬂbmolﬁ o,ao%
- T ©@ ﬂv,_twro»t > e W = mu.qn_xmdﬂw
mK e jariy e} ﬂ_u,A il
L;ploﬁorxlﬁwuﬂmhuat N,mlhlzr mﬁa\%‘oﬂ
AﬂlﬂﬂﬂaMO¢E1| 8@&75 Méurw%_@_wn
zgwur%urooqq%ﬂ. w X ﬁﬂo X N
HOEOZOJ_,M1 ]ﬂ:mvo‘Ll\mE,ﬂl o#ﬂoiﬂoﬂ_ﬁﬂ :A\)EEUAI JJ
wjr o H < CUSNCS ™ X TR - <) o| Juﬁ T Nq Pjo Qﬂdﬂﬂ
qov@ﬂeﬁﬂzaﬂ o o 1k@§rzo}
s dﬂ@ | i oV ﬂﬂﬂo_a g m_-‘o|$- i ur _z« i o° B N
1erAoo_.5 nhaoaAﬂo,' T op O J.Td ﬂEﬂﬁo%ga
@?ﬂﬂrﬂmo% ubﬂ awme ﬂﬁi mM,ﬂ%aﬁ%%
oWﬂ%AAE%%mmo? ,ﬂﬂe%u%@ ﬂn&.éaﬂ Nme
W o <X R — 1rJ|
ﬂayw{gmﬂ%#&ﬂ 4.@&14% @Q@@xyﬂ
é%%ﬂ%%g%%w& wﬂﬂo@mzﬂ ﬁwsamgﬁ
5 ° Jo = © oo i o w0 s Moo : T w7
o+ & by = ° wos M o X = i s = M = B
T L $S3 N @%aww%ﬂ
— LT. Ho® 9 o] e o ol 0 el wr = N ) o
. o.L. Zoﬂ‘D!\.&uZA L.‘LI# o oﬂlél]r
1 ) = B & = o = < T e AR B
o T 3% oo 2 < Ko e 5K ‘
o= ﬁ_bﬂaﬁw owﬁﬁ%mnxﬂ ﬁ%ﬂgﬂﬂ
xﬂﬁ__oaomh &o%yoﬂﬂ i Wmﬁwr.urmﬁ
%A (- Hjn T X L;_ e oy s o}J <0 B g o
mﬂﬁﬂo Jx..ﬂ%mos_lazoer%i}b%we
do A7Jmﬂﬁoﬁﬁfﬂ@V% X
o o«._a_ﬂmﬂrﬁq_olzomlue __ﬁgmw%ot
oK e Mo X Ur No X WE ol
& T N H X 0
,mui.oﬁvﬁv
aggmﬁﬂ
00 o
N

- 27 -



wjr

o

ol

o
i
o))
Mo
Hjm
N

i

A sk

A

=
=

nEstgn FYEATe Lot B

Z

il
B
-
A

—

<

—_
o

=
o

=]
-

b e8RS WAeR AV i Ee

ok
24

bl el

Bk

Z

=
=

= i

Wi o] W=

=
=

7N

=
2L

BE Q% ol

o

-1

}3 sucrose 30g - L' agar 7g - L

S

7)) A 2

=

a4

bol Abg:

o

N
R

Ao 30meH

<]

]

g}

47

g A& 100me

d

=

7Yste] pH 5.7%

=
=

bl 4

ATl s 478

k3
T

!

= =
TAE ¥

N7 FepaAo

100me

13 O
o

#5E

}o]

S

27F a7 A A

=
<]

3

Al
2]

ol 27 9em W] EEEo] 9]

3z
X ©

=

1:1(V/ V))&
7192 o] 60

=
=

TKS 2)¢} "efolE(gtetad 13)

o] 90% =t

w3ttt

atoll A

=y

olE &

g FAe @

=
=

7h A o] Faek dA e el

H71 <14

3|

2

=
]

HSA ot

AR AHES

Folg

| 72

A

3

A

o] =
EERNC

10

ol

3

2001

o

N

=
el
o
<

—

0

el

o

H}

A2

=
=

e Wiz A uFe

T "ol 7]

q2]d 10mL 2 s =]l 2}

%

o

ki3

10ml & #H7}

2~
T

b 2

=28
=

A}
=

sttt

=
]

+ed

S

USEEIEE EAUE

1 Hy)oll Peptone

S

BEE wHE 1/2 MS9 MS 712 #] 18] a1, Hyponex 3 g/L(°]

Ll

=
=
=
[}

o] Wi g} ol

=
<)

A %S

J
-

o -
= 5

+ HsPs)

S

= E=Peptone 4 g/L(©]

+ HsP2)

S

2 g/L(°]

15

=
[¢)

7} &k
8 g/L& 77zt A7}t

3|
=

o -
= 5

7Y BA 0.5 mg/Le Menedele 10 ml/L

= 7} 3]

=
=

Ao BA 0.5 mg/L

3

Figl

7] E-w) =] 9l sucrose 30 g/L<}

bl ek,

528 xAsto] AHE3s

L
o

MS<e} 1/2 MSHl A= 5.8%, Hyponex Bl A

, pH=

al

o]
Pos

,28,



o, FAbe] welHz g 9% dAE WM A fdte] F A FAE 259
Ael 30% 3 AT wiA EE gl 7d F5S A A e 299 AE F 7
A7 BEF Ee A A FHS AN F AFd R o2 Uy 3F 39

YA 2551TC, FF7I= W 1643, o 8AIte® AN oW, FE 2000
lux® #fFatol om, wolg A= FE & 60U FEH 12028 7HA] ol S HEEHA
ZAbeH Tk

oA o] S o] mE FAe] wolE g
izl o] el wE Ao weolEg &S HAer] skl A AdolAM AREH 16F
of wjAel FHE FH7bskA F& AAMiA O A7, FAFEF 2P o]l WPFOR
= £ 747 gFekdvh 3 2083
= TR eH, A Ao gFEk= Aol 7] wWiEel whE g QA Al A A
= obA stttk Wi RS 9o 2o, 80rpmeE g et Wols FAb=
=13 sdskA skl

ok AW i HPgEed wE wels

g2 FA F A AAE elel 250 mL Erlemyer F#hsze] MS 71Eu)x], 1/2
MS six]9} 1 ZFzte] thste] BA 05mg/L =+ BA 0.5mg/Lﬂ Menedele 10m1/L7}F 3
7}% AAMAE 50 mL A EFEtm w7} SAs Sad T oulx] g diEsE
F 5 mL, 10 mL, 20 mL # #7}ste] wpo]a = ¥]3l& o]&3te] 10mLY 3F3FAth.
Hﬂ%k AL flok Zow 3F 1209 5ol ‘ﬂo}%—% ZALsEA

X
I
I

>
i

2o Aee @ A% A e A

o
&)
jus)

==

R

lo

BN
>~

001

_1\1

A

33t %‘.#oﬂ e I § odol&d xAMEY] flste]l Hx dE &
AZHE 904, 1209, 150, 180, 2004 € T45 AHEAY xdEdo] H7tHA
& MS, I/2MS, Hs;, HsPy Z12]3 H:Py 5 57bA] 71 A]el] stEstgiom wjgzd
o TUs TF120d F Tobs S zAMSAT

o
fvie]
o

rlo

)

4. A PLBE A4 B frEe] 54

A& B AR A gt o] Skl oal] A E dAA ] dEFSAS fldl
MS, VW, hyponex 7]&Z8]#]e] BA 05 mg/Le NAA 1.0 mg/LE wiA|vlt} 5% %
st 3L, pHE MSHiA|= 58, VWHI A= 5.3, hyponex ®jA|+= 522 A3ttt wjd=x
AL 9ok 2o e niy 8F viYg F A A&} AxIEESE A
EI

A A AT A2 FAE FEaFete] AGAR AT FR

H
g eaedz oldste o4 30U ¥ A 9, 4%, 2, 2%, TH 45542

mh
N
-

,29,



ol AAEel AW Algee] o3 ez @18 AAGL AFFE(TKS 27}
ANA ol ol Asle] LA A WEFHANN @R} uEole] o @

dEs WA fal o)A F A 177 1Y 1314 physan 20 10008} A3k 3 2556

1FAAE % 18 AESAT. B 306 18 AASRoH FRFE s
3}

Wl & bacteria®t ol o @S WAEy] 93 12¢9 o AotE AF s
F ] E2& gdd AAG v Alote] 74 mpgE

A 1ulE AAFL O FA, 70%01]%%01] Tz FA AP, 1% NaOCl §Hef 301t
A AtstdA 5834 , @ A, & vlolal 10008} o2 3087
T, 10%N gheol] 23k A A2, 1% NaOCl &Ho] 3087 A st 58
2 74, @ FA, & vholAl 10008 Ko 2 3087 A A, 1% dE ol E
308 HA At 0% gl 27 FA A2, 1% NaOCl & 9o 30%3F 2~
sl A SRR o R kA, @ A, 70% &l =23t FA A2, 2% NaOCl
Sodo] 3087 A AFeEs sEAoR A, ® A, & vholal 500u] H o
304 7F A A, 70%0l ol 23 A A, 2% NaOCl & Hol] 3027 A 4

Al
ol
ol
ra
o
o
L
)
e
o
it
ol
o
2
:Y‘i
©)
)‘
L
off
ofo
o
=y
o,
>,
o
S
S
=
2
o
frt
w
S
T
~
)
XN,
mz

1% Al#H e E g 30 A At 70/01]‘%%011 Tzt ’2%111 A2, 2% NaOCl &4

L= )
087 AA ARSAA sEAAoE AL 5 6744 PHoE A7 e e
3

Wi A= MS7] 2 A (MS7] 2l %], sucrose 30 g/L, 3d 8 g/L, pH 58)¢
Hyponex® A (Hyponex 3 g/L, peptone 4 g/l %3 peptone 2 g/L, sucrose 30 g/L, %
A 8 g/L, pH 52)8 A&ttt Adx=dA= NAA 2.0 mg/Let BA 05 mg/LE i~
of H7bskAth

HHOBEZj% <k 2521C, FF7= W 1647 &

™
k)
S
S
=
b
it
é
O
_O,L
2
o
=)
fo
o2
o
BN
>
rlr
=z
0,
—
X
fo
o
N o
i
=2
>
>,
ol
2
O,

3) o544 1101] & ol o3t
2 7)) %
]

A e o

,30,



171 9

=5

ol
[

}aL, 19% NaOCl &

)

gy

A

I

=

s}
7hH A=A el o %

4)

Mo T R = N 00 w o o ®E M N
Ao N o = N = W 2 8 R
— AL N_VLO g = = o) N 1)
T e L% ) 7 F & o8
= oF s 0 ~ =
o= R A P o S o
5 N e ﬂ” w M T 3 =)
%ﬂe B ZA__u 03 mh N = | o ° =
Qo oo X &S ol mﬂxaﬁrnmvm.
+rx IR % HegEEE
~I e e
T by %W o o
P o T L Ow =~ 9 TR 8 &
50 = L N Em 0 N <oy =
ﬁ Wﬂwﬂmi e N W,HNM1LW 5
R = o — -
Mu.# B X0 = 0 M o - g m re ~N
LA - N ol 2 R S
~ o N 0 =~ ‘ml j.L () N
- T T oWy
B = N oy = 1
S =~ g R o X
Lo z T AR d e N T
fi%s) o o ~ -oq ﬂ ‘DF e m < .
Jo KT oam L 2o B — - EF g ®
il
oo NW o MR K K o S — 7 ®
TP ER oy 2w ®X =23 S o = .
a0 ) TR oo
& T = om o~ N ME =0 = <N H’M - hy M ﬂr W Y
— Xy jof o 7 B
R ENCY wm i A o ok o= X7 B mw i aw
oM eT Tu.%ZTWV@QWwUM S8 2%
F R g g E RN ew T a T r oy 2N
03 ﬂ__LH Qt A == ﬂﬁl 00 ﬂE o — ﬂum o O ;OT
13.%‘_ _ H;I o ﬂ —_— 00 jans mf _— ‘l Otﬁ ~ re)
oF ﬁﬂ T D . X = 5 B m < ® N o;w I
A\ . ' ~ )
TPy Tt B 3T
I - I S 50
—— o XO — TH 1# S Mﬂ H _— Q ﬂwm”
T m o B NpOREor = % 2 % E 2
o N X ra ol o o = = N
of oV oy RSO T % O N
o W . Mo R o oz o W
T VPR Eo_ow Vo T " o Ay
— _ SN N I R R S
o KO mE oy ou ~ — oW oo
oA ok o = o) 00 o+ o o - o T mo ,@
™ = I E o m B = o T oo B E
ACH A wWOE oo ACI d BT N S o

St

)

4g/L
Q.

[€)

pu

A

T
GAaE o]

2g/L

3L

[e]
=

=

peptone

R

100ml Erlemyer

L

fu

a3l

S

7}

=]
=

te] hyponex =] ]l
,31,

[e)
2 8g/L

k]

7]Ho 7

=

=

A

A (PLB) 3

R

<

2
MS, hyponex B} A
J

%



A9 80rpme®E Auslg o, 3 dueke 20rpmo = uj oFs)

[e}
2) AAzATA] FReh FE7h PLBRAC mA g
At FASe] AgdozyE PLBEAS f/18AL Axke 4ug oo}

rlo

7] 918 MSHiAIE 7| 2ujA 2 o] Fxd=do] H7tEA] & x5 E3s)
o] NAA 1.0mg/L¢} BA 05mg/L, NAA 2.0mg/Let BA 0.5mg/L, NAA 3.0mg/L$ BA
0.5mg/L 28] NAA 1.0mg/L$ kinetin 1.0mg/L, NAA 2.0mg/L<} kinetin 1.0mg/L,
NAA 3.0mg/L¢} kinetin 1.0mg/Lo] Ztzb A 7Fd wjA|o] 33 8g/L, pHE= 582 A3}
At} w871+ 100ml Erlemyer T8t~ 3E o] &3l on, midzAL 25+1TC, F57]
16A17, ¢F 8A 7t o2 A8t on, FEE 2000 lux® B skl

3 AAA @ AGEAEH] Tl WE PLB =94

A G- Foll daglol S ol &ste] PLBIAE S +=8 45, 27 A R
AR Aetar =AY HEAdEel Bol AFHORTE PLBE g587|7F 44 &

° of e wigAREE Adstazt AopsE xFH sk Alofel A A
), A, slol, et dHHES PLBYESS 9% mMYARZ o] &
1R8] ofop7h HH = o] AS M=
=7l A o™ slofE BT At A3t

(internode) & o] §3HG oM, Ao St e AEHPa, TS Aokl A BYH o

H(thin layer section)= %¥°] 1 m
o olg¥ HiXlE MS7]|EujA|o] sucrose 30g/L 7}t AFZHEEZ BA, kinetin,
TDZ, picloram, dicamba, NAA 5& ©& &= T&3lo] T/FE TEEE
pHE= 5622 A3t 10x2cm A3 #oll wiA] 8mls #F3ke], 2+ A2, @%iﬂ%
10802 HAES Fdstadth 27 157H2 500 lux A =o] vz of
ANA wigstchzE 157F A sk 2000 luxel 444 wigsd oz &7 st
FEAL L& BT, FF7IE W 16417, o Ao w A Sl ] dskdth

o AIA dFTA

AR Hol2HEE FHlE PLBS Al 524 &&5 =o|7] flste] MS 7]2uiA&
o]&3to] TDZ 1 mg/Lel NAA 1, 2, 3 mg/LE F7}atal charcoals #7FstAv 3 7bst
A e WA T 6F2 wiAo] ZZ wjgstA . EE w Aol & sucrose 30 g/Le} sHAH
8 g/L& 747k H7bskdaL. pHE 58% A stke] ARE-&F3d

rl

6. THAYAA " J

,32,



7h A e s e
DAY As 9 A
2000 8¥oll AFreA Fdg A-H(C discolor)? FM-HC. striata)S F
I} eAEE LR Efe EGS AESte] 30% Age] Rk 2Ad AAstdnh F
1

=
A 7lgol et Welsbe 1AnyE b dow neg d FUo

w
o
P
>
N
B
=
o
rob

moolwf Hi 2&7F 10CE WA ¥EHF FidE 4 vdS A 3715 sFArh
=x9] 2%7F 100,000 lux ©]4Fo] Hi 5¥9T-8YTolE 30% A3ES 14 W AFQ
o AS 717 F dho] ) A (NP:K=20:20:20) 3000H) 4
7191 7-8€ ol = 50000 & AT FUbe &4 V]
(SATO R-704)& At&-3te] 4kt

2) stotel A 4 st A

AT AEAE AAse], 24 Hopel Fpopt s}t Bl TS

’
g nasa. A6 R, 270, 9o YAF, 952 FF, A 99 - 5, A7
Zol - E, olobe] AAGS, Lol - F, 2 254F 2ASAY 952 FFS 922

= =
=4 7](Minolta 502)2 9] T4 FH& SAHsA
slol 3l L waugy AAFFE AFHZ Hole] Aolop E& A S FAAE

ol (formalin : acetic acid : 50% ethanol = 5 : 5 : 90 v/v/v)ol ZAAZ] & HE EFZ

HAo] wE -4 G WaE 17| 9dte] 549 249
B A AEAY Y+ HES Somogyi- NelsonH oz A3t 80C HAZ7]dA 1
FA Axstel E4AF 74 AR 01gEe SHFT 10mLel 34ske] 30C Wather
Batholl A 2413 F=stith. FE4& o35 T - v gl B4, aga g &

e Awel B4o] gt FAFe A¢ 45 ImLol 22 FAF ImLE ¥



1027 E"slz Yyzhsle] NelsonAoF 2ml €o] 2AAZl 3 25mlE A Zslo]
UV -specrophotometer(Ultrospec 2000)& AF&3}a] 500nmolA A3 Y. 5 9L

glucoseE AF&3th 399 F$ 45 ImLel 02N HCl ImLE Y3 2083F

goto] ke dt 901N NaOH= S 3}ste] bmLz 43 5 gy 22 Wy
o7 EASA A2 Folzel 95% ol ehe SmLét T/ A0mLE ¥ 243 =%

T Ao A3 S 20mL Acetic Bufferet 10mL n-amlyrase solutions & 33s}o]

37CoA 2417 &k 7heEeidt H, odste] SFa 100mL= A Fshal gkt 2
H

109 159l FAT A¢s =Hste] FEle] AxE BAEY] 95t F&4H
W n) ko] E9f 317 % 2]
ke 0, 20, 40, 60, 80, 100 = 6}951 . GAAEE AAgs AEAE A4 A
100mg/Le] &<Hell 307F A skt AA o= HA2% 10T o4l
HEstHA Wotd, sAEHY, Metd, A, At Aste] A7) 58 #EE

2) A2AYA7] 2 GAHE ] 4

A=A YA 7lE ol g4 F7]19 99 169%5-H 159 tF oz 129 27HA 4
ok AeAE= 24 AT FHE AEAE 1091 Wikate] 6097 Agstaict A
W GAAEE 79k LAl stk A A Fele HASR 10T o]/l fe=4dal
A BEEtEA et stMEFAY, S, A, Ak, aste] A7) §& #EES
=3

o FAAMA 28 S 3 Al A7) =S

/\1‘:';4]4 x}x]—

20019 % 129¢ 22¢dl =FH sk Qs Aualal B &S "dojd ¥ HErt 11z
A FEE F717F = wuEgte]Eet ] nidE MAl Folukze ol 1Ce WA
el A7k,

2) AN} GAX E e FF

F

[U_u

1r

AN 7= Aol AANEA 719 49 TAEQ 2293 E 7dtAc® 69 17UV}
A AAE AT GAA g = AEINAIL] 49 2293 F3HA]71Q1 54 139 1Ear FEA

A2l 6¢ 174l Z}7} 50mg/L-& <ol 3023t A1 A 2 ekttt

,34,



[S]

X

=5

SEEEE!

P oA = A
o= 57A% ]

}

kel

A 2 A

el

7

AZo] gl whHo] C-463F Zo] 45emzE 71 &

,35,



RiK

il
K

it

2 aA v=s & A

)
%

o

%

)
E

el

K

oA RE o} F T}

=

o

el
ToR

o))

wjr

)
N
oj
™
Jl
o

BK

%

wmo

[e)
= 7

o wlshe] 2}

e AEE

pu
R

b wmd sl Qe =]

e

o))
BW

‘_IV‘VI
1o

o

K

3|

Al&& C-057C-12¢9F C-45, C-57=4 #

of wel el Aol

a0l

C-01"C-04¢} C-43, C-44=24 H&

oj
==
=

o

LHERA AT

=

=

o] 7hm=l=

=5

= A1
=

of kol

(C-137C-30)

AH
A

Mol M7z ey

o))

o

A

AEow F747 ol

R
o

b wol

3
T

DR =

A& (C-317C-42)

o, 2

o]
A

—_—
1o

H

279} wo] nol

59

A

Al
b

T

s

’

A

A
aul

B

5, 6), 1A

-
It

(

5771 Aol v
AEEol AT

1
L

Bl

17 &

& Amz FE7kx

=

AzaA wits
ool Aol B uwl 5TAE FoA el A7, 7ol ol AgAlz} Qe 27

2 Abs

ojp
Hlo

M= C-31, C-35 C-38, =a&MASAA= C-46

o

il
0

,36,



Table 1. Flower stalk and leaf characteristics of lines selected from natural
hybridization in Calanthe spp.

que of Length of Diameter of No. of Length Width
lines flower stalk flower stalk florets of leaf of leaf

selected (cm) (cm) (cm) (cm)
C-01 26.3 4.3 8.0 10.0 49
C-02 255 3.2 8.7 9.7 55
C-03 33.6 4.7 145 9.3 4.3
C-04 20.0 2.2 7.4 7.1 4.1
C-05 23.9 2.8 8.3 8.7 5.1
C-06 23.0 3.0 8.2 10.6 5.0
C-07 2712 3.6 10.6 8.3 5.0
C-08 19.7 2.7 5.3 6.1 3.6
C-09 22.6 3.6 6.9 7.6 4.3
C-10 30.0 3.3 6.0 9.9 4.8
C-11 34.0 3.0 7.0 8.0 4.0
C-12 32.1 4.0 6.2 7.7 4.2
C-13 40.0 4.7 15.0 10.5 51
C-14 30.3 2.7 55 11.0 4.6
C-15 31.7 3.1 10.5 10.2 5.7
C-16 32.9 3.4 12.3 10.7 49
C-17 28.3 3.2 10.8 13.0 6.1
C-18 31.0 3.2 10.3 12.6 6.6
C-19 36.0 3.8 11.7 10.6 5.7
C-20 27.3 4.0 9.9 12.4 6.3
C-21 27.3 3.3 8.0 11.1 56
C-22 28.8 3.0 9.8 11.0 6.4
C-23 28.6 3.7 10.5 10.2 4.3
C-24 42.8 5.1 13.8 13.1 6.5
C-25 259 3.0 11.1 9.1 4.8
C-26 26.6 3.3 10.8 8.1 4.6
Cc-27 314 3.6 10.6 9.3 54
C-28 39.6 3.8 11.0 11.8 5.7
C-29 35.6 3.6 6.0 10.6 59
C-30 32.4 35 10.0 11.7 6.2
C-31 34.4 3.7 12.2 8.1 4.1
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Table 2. Flower stalk and leaf characteristics of lines selected from natural
hybridization in Calanthe spp.

nge of Length of Diameter of No. of Length Width
lines flower stalk  flower stalk florets of leaf of leaf

selected (cm) (cm) (cm) (cm)
C-32 25.1 3.4 89 6.2 3.5
C-33 29.2 3.6 9.5 9.2 49
C-34 32.7 3.4 10.0 8.3 4.2
C-35 29.5 2.9 6.0 12.3 6.2
C-36 315 2.5 8.0 10.8 6.0
C-37 36.0 3.6 12.5 10.6 6.1
C-38 34.6 3.5 10.3 15.3 6.1
C-39 25.6 2.8 4.7 10.9 6.6
C-40 19.1 2.5 9.5 6.2 3.0
C-41 20.5 2.7 7.3 75 4.0
C-42 20.0 2.5 5.0 9.0 4.8
C-43 36.0 3.6 9.0 12.0 5.0
C-44 30.7 3.3 134 12.6 56
C-45 374 4.3 14.0 134 71
C-46 44.5 4.2 135 175 5.3
C-47 25.5 3.3 11.0 9.4 4.6
C-48 30.7 3.3 7.6 10.0 55
C-49 31.0 3.0 7.0 6.3 3.4
C-50 135 2.0 3.6 53 3.1
C-51 32.0 4.1 14.0 11.0 6.8
C-52 23.0 4.1 6.0 9.0 5.0
C-53 26.0 4.2 12.0 17.2 6.2
C-54 219 3.4 95 15.7 5.8
C-55 33.8 4.2 14.2 15.1 6.8
C-56 30.6 4.1 12.4 19.5 6.8
C-57 305 4.6 14.4 154 75
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Table 3. Petal and sepal characteristics of lines selected from natural

hybridization in Calanthe spp.

Code of Petal Dorsal sepal Lateral sepal

selligftse d width length color width length width length
(cm) (cm) (cm) (ecm) (cm) (cm)
C-01 0.4 1.3 strong brown 0.7 1.3 0.5 1.3
C-02 0.5 14  strong brown 0.7 1.6 0.6 1.6
C-03 0.6 1.3 strong brown 0.8 1.3 0.6 14
C-04 2.7 1.4  strong brown 0.7 14 0.5 15
C-05 06 14 moderate olive brown 0.8 15 0.6 15
C-06 0.5 1.2 light olive brown 0.7 1.3 0.5 1.3
C-07 0.5 1.5 light olive brown 0.8 1.6 0.6 1.7
C-08 04 14 light olive brown 0.7 14 0.6 15
C-09 0.5 1.4  light olive brown 0.7 1.5 0.6 1.6
C-10 0.4 1.3  strong brown 0.7 1.3 0.5 14
C-11 0.3 15  moderate olive 0.7 16 0.5 16
C-12 0.5 1.3 strong brown 0.7 1.3 0.5 14
C-13 0.6 1.7 light yellowish brown 0.9 1.7 0.7 1.6
C-14 04 1.5 dark reddish orange 0.8 1.5 0.6 1.7

C-15 0.6 1.8  moderate yellowish brown 0.9 2.0 0.7 2.0
C-16 0.6 1.5 moderate yellowish brown 0.9 1.6 0.7 1.7
c-17 05 1.8 moderate reddish brown 0.9 2.0 0.7 2.0
C-18 0.5 1.7 moderate yellowish brown 0.8 1.8 0.7 1.8
C-19 0.6 1.9 moderate yellowish brown 0.9 2.1 0.6 2.1
c-20 07 1.8 moderate reddish brown 0.9 2.0 0.8 19
C-21 0.7 2.0  moderate yellowi;hgﬁagown 1.0 2.1 0.8 2.2

C-22 0.8 1.9 moderate reddish brown 1.0 2.0 0.8 19



Table 4. Petal

and sepal characteristics

hybridization in Calanthe spp.

of lines selected from natural

Code of

lines

selecte

Petal

Dorsal sepal Lateral sepal

d width length

color

width length width length

(cm) (cm) (cm) (cm) (cm) (cm)
c-32 07 1.8  wvivid olive brown 1.1 1.9 0.8 1.9
C-33 08 15 moderate olive brown 1.0 16 0.8 16
Cc-34 06 1.7 moderate olive brown 0.9 1.8 0.7 19
C-35 0.5 1.6  dark reddish orange 0.9 1.6 0.8 1.7
C-36 0.5 1.7  light reddish brown 0.8 1.7 0.6 1.8
C-37 04 1.6  deep orange yellow 1.0 1.6 0.7 16
C-38 0.6 1.8  dark orange yellow 0.9 2.0 0.6 2.0
C-39 07 18 dark reddish brown 1.0 20 0.7 19
C-40 04 1.2 light reddish brown 07 13 0.5 1.2
C-41 0.5 1.3 moderate reddish brown 0.8 1.5 0.6 1.4
C-42 04 16  dark reddish brown 0.8 1.6 0.6 16
C-43 05 15 light brown 08 18 0.6 1.7
C-44 04 13 light brown 0.7 14 0.5 1.3
C-45 05 15 moderate olive 08 16 0.6 1.6
C-46 0.6 14  moderate yellowish brown 0.9 1.7 0.7 1.6
C-47 05 16 vivid olive 08 1.7 0.6 1.7
C-48 03 12 light olive 07 12 0.5 1.2
C-49 06 16 vivid olive 09 1.7 0.7 1.7
C-50 0.5 15 light yellowish brown 0.8 15 0.6 1.6
C-51 04 13 dark brown 0.7 16 0.6 1.5

~ 40 -

C-52 04 14 dark brown 0.7 15 0.6 15
C-53 0.6 1.7  light orange yellow 0.9 1.8 0.7 16



Table 5. Lip characteristics of lines selected from natural hybridization in Calanthe

Spp.

Code of Lip Central lip Lateral lip
lines - - -

selected width length width length color width length color

(cm) (cm)  (em) (cm) (cm) (cm)

C-01 16 16 04 09 white 06 0.6 white
c-02 19 16 0.8 1.0 light pink 09 08 light pink
c-03 18 15 06 0.8 light pink 09 09 white
c-04 18 17 0.7 1.2 light pink 0.8 0.8 white
C-06 19 16 06 1.2 white 09 09 light pink
Cc-06 15 15 1.0 1.1 white 0.7 0.7 white
c-07 21 17 11 1.3 pink 1.0 0.8 pink
c-08 17 17 06 1.1 white 09 0.7 white
C-09 1.8 1.8 1.0 1.3 pink(sprite) 0.8 0.8 pink(sprite)
C-10 1.7 1.6 0.7 1.1 pink(strong sprite) 0.7 0.8 white
C-11 16 16 0.7 1.1 pink(strong sprite) 0.7 0.8 white
c-12 15 15 05 1.0 pink 0.7 0.7 white
C-13 2.0 1.8 0.8 1.2 strong yellow(pink sprite) 0.8 1.0 wvivid yellow
Cc-14 18 18 0.7 12 pink 0.8 1.1 pink
C-15 2.3 1.0 0.7 1.2  yellow 1.1 1.0 yellow
C-16 17 17 07 12 vellow(pink sprite) 08 08 YSIOW. rite)
C-17 19 2.0 0.8 14 yellow(pink sprite) 0.9 1.0 yellow

C-18 2.1 19 0.8 14 yellow(strong yellow sprite) 0.9 1.2  wvivid yellow

C-19 1.8 19 0.7 1.3 strong yellow 0.8 1.0 light yellow
C-20 2.3 1.8 1.0 1.3 yellow(brown spite) 1.1 1.0 yellow
c21 24 21 10 14 yellow(brdWvn spot) 12 12 light vellow

C-22 2.0 1.6 0.7 1.2  yellow(brown spite) 09 09 yellow



Table 6. Lip characteristics of lines selected from natural hybridization in

Calanthe spp.

Code of Central lip Lateral lip
lines

selected width length  width length color width length color

(cm) (cm) (cm) (cm) (cm) (cm)
C-32 2.1 1.7 0.9 1.2 white 1.1 1.0 white
C-33 2.2 19 0.8 1.0 white 1.0 1.0  white
C-34 2.1 1.8 0.7 1.0 light yellow 1.0 0.9 light yellow
C-35 2.0 2.0 0.8 1.1 vivid yellow 1.0 0.7 strong yellow
C-36 1.9 1.8 0.8 1.1 yellow 1.0 0.9 yellow
C-37 2.1 1.7 0.8 1.1 vivid yellow 1.1 0.7 yellow
C-38 2.1 1.8 0.9 1.2  yellow 1.1 0.9 yellow
C-39 2.5 1.9 1.1 1.2 yellow 1.2 1.1 yellow
C-40 1.7 14 0.8 09 yellow 0.8 0.6 yellow
C-41 1.9 1.6 0.7 1.0 vivid yellow 0.9 0.8 strong yellow
C-42 19 1.8 0.7 1.1 white 11 0.9  white
C-43 2.0 1.7 0.8 1.2 white 1.0 0.9  white
C-44 1.7 1.5 0.5 0.9  white 0.8 0.5  white
C-45 1.7 1.7 0.7 1.0  yellow 0.9 0.7 yellow
C-46 1.8 1.9 0.8 1.1  light pink 1.0 0.8  light pink
C-47 2.3 2.0 1.0 1.2 white 1.2 1.0 white
C-48 15 15 0.6 0.9 white 0.8 06  white
C-49 1.8 16 0.6 0.9 yellow(yellow sprite) 0.9 06  yellow
C-50 1.8 1.6 0.6 0.9 vivid yellow(brown sprite) 0.7 0.6 strong yellow
C-51 1.8 1.8 0.6 1.1  light pink 0.8 0.7 light pink
— 49 -

C-52 1.7 1.8 0.6 1.1 strong yellow 0.7 0.7 strong yellow
C-53 2.2 1.9 0.8 1.3 light pink 1.2 0.9  light pink
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Photo 1. Selected lines(above~below, A ; C-1~C-6, B ; 7~12, C ; 13~17 D ; 18~
24, E ; 25~30, F ; 31~36, G ; 37~42, H ; 43~48, 1 ; 49~54, J ; 55~60).
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Table 7. Characteristics of stalk and leaf in selected cultivars ’'Narea

and 'Seakdong’.

Flower stalk Leaf
Cultivar No. of
Length Diameter leaves Length Width
(cm) (mm) (cm) (cm)
Narea 30.7 4.2 3.0 18.8 8.8
Seakdong 30.8 4.6 3.0 20.0 3.6
Calanthe discolor 26.0 4.2 3.2 17.2 6.2

Table 8. Characteristics of flower and lip size and brooming shapes in selected

cultivars 'Narea’ and 'Seakdong’.

No. of Flower Lip
Iti fl h f bl i
Cultivar owers Length  Width Length  Width Shapes of blooming
per stalk
(cm) (cm) (cm) (cm)

Narea 12.0 35 3.6 2.0 19 flat-blooming type
Seakdong 139 2.8 3.6 1.7 2.2 bended-inner type
Calanthe .
discolor 12.0 24 3.0 1.8 1.8 flat-blooming type
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Favour
Strong
Medium
weak

lip

Color of
white
(N9)
vellow
(7.5Y8.5/8)
white
(N9)

Color of
petal
vellow
(25Y7/12)

yellow
(5Y8.5/12)
dark red

(75R3/4)

Color of
sepal
Deep purplish
red(5YR4/8”)
(7.5R4/6)
Dark red
(75R3/4)

Narea
’ Number of korea standard color chart(

Seakdong Reddish orange

Cultivar
Calanthe
discolor

Table 9. Characteristics of flower color and favour in selected -cultivars

'Narea’ and 'Seakdong’.
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Table 10. Percentage of seed germination of selected lines on self-pollination

in Calanthe spp.

Lines of Width of Length of Formation of .
L. Germination(%)
self—pollination ovary(mm) ovary(mm) embryo
C-01 8.7 19.6 e} 0
C-02 10.8 22.7 o 0
C-03 11.1 22.2 o 0
C-05 10.0 23.6 o 0
C-07 12.8 19.1 o 100
C-08 74 22.2 o} 100
C-09 10.9 27.1 X 0
C-10 55 104 X 0
C-12 91 25.9 e} 100
C-13 10.4 23.3 o 25
C-14 8.8 24.9 e} 100
C-15 11.1 26.7 o 100
C-16 5.7 24.8 e} 100
C-17 75 25.0 e} 100
C-18 114 26.9 o 0
C-19 4.3 21.7 o 100
C-20 9.2 23.7 X 0
C-21 6.5 24.2 X 0
C-22 12.2 32.2 o 25
C-25 7.8 176 e} 50
C-26 7.7 20.9 e} 100
C-27 104 31.1 o 100
C-29 7.6 26.7 X 0
C-31 7.9 23.5 X 0
C-37 11.0 24.0 o 100
C-38 9.8 26.9 e} 100
C-40 8.6 25.4 o 100
C-43 11.8 334 o 100
C-45 9.4 235 e} 100
C-51 114 21.9 e} 100
C-52 10.3 22.2 o 25
C-53 11.8 29.1 o 0
C-54 8.6 26.9 X 0
C-55 9.9 26.6 e} 100
C-56 9.2 27.8 e} 100
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Table 11. Percentage of seed germination of selected lines on cross—pollination

in Calanthe spp.

Lines of Width of Length of  Formation of o
. Germination(%)
cross—pollination ovary(mm) ovary(mm) embryo
C-02xC-40 6.4 20.6 o} 25
C-05xC-40 8.6 16.7 o 25
C-09xC-40 9.5 25.7 o} 50
C-13xC-40 84 23.0 o} 100
C-22xC-32 104 24.1 o 100
C-32xC-22 9.0 23.0 o} 100
C-32xC-59 10.1 27.3 o} 100
C-38xC-03 12.2 41.3 o D
C-52xC-02 94 34.2 o} 100
C-54xC-13 11.3 27.2 o} 0
C-54xC-32 94 25.1 o 100
C-55xC-22 94 26.7 o} 100
C-56xC-30 114 354 o} 25
C-57xC-22 12.0 27.6 e} 100
C-57xC-30 12.6 39.2 o} 50
C-57xC-39 12.2 36.1 o} 75
C-57xC-40 13.3 27.6 o 0
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Table 12. Effect of several pretreatments to seeds cultured in each strength
of MS basal media added with plant growth regulators on early seed
germination of Calanthe discolor, 120 days after in vitro sowing

Germination rate(%)

Ultrasonic Ultrasonic

., Ultrasonic  Liquid wave  Sterilized  wave
Medium wave mediuma  +liquid water  +sterilized Agar
+agar +agar media +agar water  medium

medium  medium +agar medium +agar

medium medium
MS 26731V  275+3.1 289471 204+2.1 29.3+4.3 18.3+3.7
1/2 MS 25352  26.3£34 29.2+31 19.9+31 271+34 16.2+24

MS+BA0.5 273+6.1 284+33 333132 258£25 27943 22.3+3.7

1/2 MS+BA0.5 264+3.3 259459 304+4.1 247+24 288+1.2 182455

M5+BA0.5 23523  24.1+42 30.8+2.1 23919 251+3.1 19.7+19
+Menedele
1/2 MS+BA0S 24157 25050 269+51 23.1£23 254+39 21.3+2.1
+Menedele

Note: seed culture were ended in a week, followed by agar medium.
"Medium+Plant growth regulator

DFull strength MS+30g/L sucrose+8g/L agar, pH 5.8

@1/2 strength MS+30g/L sucrose+8g/L agar, pH 5.8

@Full strength MS+0.5mg/L BA+30g/L sucrose + 8g/L agar , pH 5.8

@®1/2 strength MS+ 0.5mg/L BA+30g/L sucrose + 8g/L agar , pH 5.8

®Full strength MS+0.5mg/L BA+10ml/L Menedele+30g/L sucrose+8g/L agar,
pH 5.8

®1/2 strength MS+0.5mg/L. BA+10ml/L Menedele+30g/L sucrose+8g/L agar,
pH 58

YFigures were represented as mean valuetstandard error
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Table 13. Effect of several pretreatments to seeds cultured in different
concentrations of Peptone added to Hyponex media with plant growth
regulators on early seed germination of Calanthe discolor, 120 days after in
vitro sowing

Germination rate(%)

Ultrasonic Ultrasonic
Medium” Ultrasonic  Liquid wave Sterilized wave
wave medium +liquid water  +sterilized  Agar
+agar +agar media +agar water medium
medium  medium +agar medium +agar
medium medium
H;s 24.7+2.4% 224478 265+30 251+34 276+3.0 222+18
HsP» 40347 39530 46.3+2.6 37.8+3.0 42.1+2.8 27.4+27
HsPy 32.1+1.0 374£20 40.7£19 32218 39.2+3.0 24.3+1.3
H3;+BAO0.5 27.1£2.3  29.3%1.8 32.1+39 244+17 276%25 21.4%4.0

H3P>+BA0.5 42941 39.0+2.7 452+23 37.2+31 41.0+£35 285138
HsPy +BA0.S 32.7£3.2 34319 359+40 30.7#20 354+34 25.2+1.0
H3+BAO0.5+M 249138  21.1£5.0 26.5+25 253125 284124  2277+4.3
HsP:+BA05+M  40.3+39 37440 41.2+15 356+14 40.8+25 27.8+24
H3P,+BA0S+M  32.7#577 36458 379143 31.0+45 352435 24.9+1.5

Note: seed culture were ended in a week, followed by agar medium.
“Medium+Plant growth regulator

(D3g/L Hyponex

@3g/L Hyponex+2g/L Peptone+30g/L sucrose+8g/L agar , pH 5.2

@3g/L Hyponex+4g/L Peptone+30g/L sucrose+8g/L agar , pH 5.2

@3g/L Hyponex+0.5mg/L. BA+30g/L sucrose+8g/L agar , pH 5.2

®3g/L Hyponex+2g/L Peptone+0.5mg/L. BA+30g/L sucrose+8g/L agar , pH
5.2

©®3g/L Hyponex+4g/L Peptone+0.5mg/L. BA+30g/L sucrose+8g/L agar , pH
5.2

(M3g/L Hyponex+0.5mg/L. BA+10ml/L Menedele+30g/L sucrose+8g/L agar ,
pH 5.2

®3g/L Hyponex+2g/L Peptone+0.5mg/L BA+10ml/L Menedele+30g/L
sucrose+8g/L agar , pH 5.2

©3g/L.  Hyponex + 4g/.  Peptone+0.5mg/L. BA+10ml/LL Menedele+30g/L
sucrose+8g/L agar , pH 5.2

YFigures were represented as mean valuetstandard error
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Table 14. Effect of several pretreatments to seeds cultured in each strength of
MS basal liquid media added with plant growth regulators on early seed
germination of Calanthe discolor, C. sieboldii and C. hybrid, 90 days after in
vitro sowing

Germination rate(%)

C. discolor C. sieboldii C. hybrid
Medium”

edium Ultrasonic Ultrasonic Ultrasonic
wave Liquid wave Liquid wave Liquid
+liqguid medium  +liquid medium  +liquid  medium

medium medium medium
MS 33.1£3.1Y 24.4+17 345126 26.1+34 357£31 28.1+4.2
1/2 MS 345+£5.1 231453 33.2+3.1 25324 349+1.1 29.7+2.7
MS+BAO0.5 374+34 27328 36430 271£19 39.1+2.1 32.3%+25

1/2 MS+BA0.5 30.243.0 26.5+3.1 35.1+£3.0 27.0+2.7 33.7+3.0 31.2+14

MSTBAOS 353421 223+31 354422 240+31 382:30 28120
+Menedele
V2 MSIBAOS 59605 210520 201024 238:29 327:21 27.3+20
+Menedele

Note: Seeds were continuously cultured in liquid medium.
“See foot note of table 1
"Figures were represented as mean valuetstandard error

60 days 90 days 60 days 90 days

(days after in vitro sowing)

Fig. 1. Germinated protocorm of Calanthe discolor(left) and C. sieboldii(right

HiP liquid media with 0.5mg/L BA

,65,

) in



Table 15. Effect of ultrasonic wave pretreatment to seeds cultured in
concentrations of Peptone added to Hyponex media with plant growth regulators
on early seed germination of Calanthe discolor, C. sieboldii and C. hybrid, 90 days
after in vitro sowing

Germination rate(%)

. C. discolor C. sieboldii C. hybrid
Medium
Ultrasonic Ultrasonic Ultrasonic
wave Liquid wave Liquid wave Liquid
+liquid medium +liquid medium +liquid medium
medium medium medium
Hs 31.3t54% 23440 37.3+20 214+15 271+20 20.3t34
H3P, 426152 323129 435+43 29.7+39 38740 25.1+3.8
HsPy 322447 247+34  36.8+2.8 27329 314438 26.7+2.1
H3;+BAO0.5 33734  26.7£3.9 36.2£3.9 274+£27 32.3+34 25.6%1.2
HsP>+BAO0.5 41449  30.7+2.0 42340 32.1+1.9 41.1+41 30.9+2.0
HsP4++BAOS 33.2+39 243+29 37434 271+£31 365+39 29.7£5.3
Hs+BAO0.5+M 306+24 214+£3.0 32.6£3.0 26.3£3.0 30.7t45 26.2+3.0

H3P2+BA0.5+M 36.7£#4.0  286£25 39.7+45 29.1+29 364449 30.5£3.5

H3P,+BA0.5+M 32.4£39  247+31 384155 29.8t19 34.1+£35 29.4+45

Note: Seeds were continuously cultured in liquid medium.
“See foot note of table 6
"Figures were represented as mean valuetstandard error
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2887 245249 BA £ BA9 Menedeleo] H7be iAol = A4 10 mL 3
7F Ao xE wold =7t A5 skl X w MS, Hyponex ®lA &3] 234 20 mL
H7F wiA F, WA FEo] TR A CA wolrh gEste] Al wol el = vl
A T o] 2 ZF= itk o] &= g ulA o] A &) Wrolg 1 Th ol Al %]
o 4] ool EutheE M AFAR} A AoRE FF A T FFAA =

AAM A E FAA ] SR FHS B B FEE AR oG5k o] uhgtA

Table 16. Effect of each amount of sterilized water in each 250ml erlemyer flask
when sowed in the MS agar media with plant growth regulators on seed
germination of Calanthe discolor cultured after 120 days

Germination rate(%)

Medium:” 5ml 10ml 20ml
MS 101431 18.3+3.7 92.4+3.4
1/2 MS 10.4+3.4 16.2+2.4 17.3+33
MS+BA05 12.3+3.1 92,3437 272427
1/2 MS+BA05 9.7+2.9 182455 244431
MS+BA05+Menedele 11.4+4.1 19.7419 96.142.4
1/2 MS+BA0.5+Menedele 125453 21.3+2.1 93.4+1.8

Note: Seeds were continuously cultured in agar medium.
“See foot note of table 1
YFigures were represented as mean valuetstandard error

,6’77



Table 17. Effect of each amount of sterilized water in each 250ml erlemyer
flask when sowed in the Hyponex agar media with plant growth regulators on
seed germination of Calanthe discolor cultured after 120 days

Germination rate(%)

Medium”
5ml 10ml 20ml
Hs 7.7+2.17 22.2+1.8 25.3+4.1
HsP» 20.8+6.8 27.4%2.7 31.3+44
HsP4 19.4%6.0 24.3+1.3 28.3+3.7
H3+BAO0.5 13.1+4.3 21.4+4.0 23.7+45
HsP2+BAO0.5 22.3+7.1 28.5%3.8 34.7+£3.7
H3P,+BA0.5 16.3%6.3 25.2+1.0 284134
H3+BA0.5+Menedele 14.7£34 22.7+4.3 25.313.1
HsP>+BAO.5+Menedele 19.4+£59 271.8+24 32.3+4.5
HsP4+BAO.5+Menedele 16.5+54 24.9+1.5 28.6+2.8

Note: Seeds were continuously cultured in agar medium.
“See foot note of table 2
YFigures were represented as mean valuetstandard error

AT&E F 4TS WE E 5 owelg s xAEY] S8 F F 90, 120, 150,
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180, 200¥9 ¥ FA= MS, 1/2MS, Hs, HsP, 18|31 HsPy & 57FA 7] 2 uj Aol 35 3}o]
1209 o] Wol&& FASIAT IEFE ¥ AARAdFS 3 T Lol&(GE 18)&
T 090 A, BE wA A o TV gl em, 1209 Hyponex 3g/Le}
Peptone 2g/L A 7Faj Aol A wholgo] 71 =9kom 1509 % Hyponex 3g/Le} Peptone
2¢/L A7 Ao A wholgo] 714 =gkorm, 1809 & Hyponex 3g/L$t Peptone 2g/L 3
7Fei A 9} Hyponex 3g/L¢} Peptone 4g/L 37 i Ao A} rolgo] 7bd =gkow 200
< Hyponex 3g/L¢} Peptone 2g/L 7| A| oAl ol &o] 7} w3k}, Qg & 7
Hdgo] g wolg S dAHor = uf, 15093 1809 A3k FA7E Wolso] 90,
120, 2009 A3 Fxpell w3 Wolgo] moba Ao Ag JAFFE F 1509 ol A
1809 Atelo] FA7 ool w2 As & F AU sHARE o] A= A g-do] 4
Aol de A FALS FAY] 75 Fo] FAY wiEged S A F du

[e]
oz Q& wolgo FFS vH F e = Aoz AA4HAY

=

Table 18. Effect of days after pollination on seed germination cultured in each
medium of Calanthe discolor

Germination rate(%)

Media” Days after pollination
90 120 150 180 200
Hs 0.0 155 27.0 28.0 25.7
HsP; 0.0 19.5 32.5 34.0 30.3
H3Py 0.0 16.5 29.5 34.5 21.2
MS 0.0 15.0 271.5 215 24.1
1/2MS 0.0 14.0 25.0 25.7 23.9

"Hz: 3g/L Hyponex+30g/L sucrose+ 8g/L agar, pHb5.2

HsP2: 3g/L Hyponex+2g/L Peptone+30g/L sucrose+8g/L agar, pH5.2
HsP4: 3g/L Hyponex+4g/L Peptone+30g/L sucrose+8g/L agar, pH5.2

MS: Full strength MS basal medium+30g/L sucrose+8g/L agar, pH5.8
1/2MS: Half strength MS basal medium+30g/L sucrose+8g/L agar, pH5.8

4. A PLBY A 54 2 859 S4
A& FAgF 93] AAdE dAA] HFFAS 28 MS, VW, hyponex 7]
v 2ol BA 0.5 mg/L9 NAA 1.0 mg/L7} H7Fe wj=]ol A wjekst & Ao F24&
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I AxPAES A Ads 1 199 2o 59 wiA el A hyponex HiAIE Al 9] g

FAEH AxFAEdd FHg 2olE HE
WA e o]t Hyponex WA, 53] H3P4u| Ao A= F3koll LA FA &0
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7] A Zkell = MS v A2k VW Bl A7} hyponex iAol HI& A3 A @dE&o] Esko
H VW 828 A9 AxF52 &S MSHi Ao vl "olx A A&} =PI E
= Aers o MSHHXV} 7HE Aske Ao w yEuth

Table 19. Effect of MS media on the protocorm multiplication and shooting after
seed germination of Calanthe discolor, C. sieboldii, C. hybrid

C. discolor C. sieboldii C. hybrid
Media PLB . Shooting PLB . Shooting PLB . Shooting
multiplication (%) multiplication (%) multiplication (%)
(%) ’ (%) ’ (%) ’
MS 374 27.3 36.4 27.1 39.1 32.3
1/2 MS 35.2 26.5 35.1 27.0 38.7 31.2
VW 39.2 20.1 37.8 14.5 375 20.5
H3 25.2 29.5 255 29.7 285 30.2
H3P2 24.7 27.3 26.5 25.0 29.2 275
H3P4 29.8 27.0 26.1 275 32.5 27.3

All media containing with 0.5 mg/L BA and 1.0 mg/L NAA
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Table 20. Growth characteristic of seedling of C discolor and C. hybrida after
transplanting

No. of Leaf Leaf Root Plant Bulb
Species ) length width length height diameter
leaves
(cm) (cm) (cm) (cm) (mm)
C. discolor 3.28 7.85 3.58 15.40 9.82 752
C. hybrida 3.11 7.36 2.86 13.97 9.36 6.37

Fig. 2. Growth of seedling of Calanthe discolor(upper) in transplanting medium and
C. hybrid(lower) before transplant into greenhouse.

Fig. 3. Growth of seedling of Calanthe spp. 30 days(eft) and 60 days(right) after
transplant into greenhouse.
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Table 21. Effect of sterilization methods on bacterial contamination when
cultured individual organ part of Calanthe discolor

Bacterial contamination rate(%)

Treag: men Axillary Apical Flower Ovary Flower Root tip Leaf
bud meristem stalk bud explant
1 824 71.2 38.9 10.0 20.0 93.3 86.7
2 75.0 66.7 37.1 10.0 0.0 93.3 80.0
3 75.0 72.2 44.4 5.0 0.0 85.0 90.0
4 80.0 70.0 33.3 0.0 0.0 80.0 85.0
5 75.0 68.3 36.7 0.0 0.0 90.0 80.0
6 81.2 74.1 42.6 5.0 0.0 90.0 95.0

D A, 70%NeSol F23F FA, 1% NaOCl &Holl 3087+ AA| AbatalwA
SENAS R kA

@ FAl, 58 vto]4l 1000w H o= 3 %)
NaOCl <ol 30&7F HA| AFstHA 587402 7H9hA 2

Q FAH, & u}ow 1000=] 4 o .= 30 %7& HA, 1% "ol §He 30 A
70% 0 &0l %237+ A, 1% NaOCl & 30&3F HA AdstHA 58340
2 7ehA

@ A, 70%N 2o %3+ HA], 2% NaOCl & 3083 A ArshH A
SEAS R kA

O FA, & U}om 5008 4 o2 3087
NaOCl g9 3057F X AFstHA 5
® A, F& vho]al 5008 H o2 307t
70%° 2o =23+ A, 2% NaOCl £
2 A

o
AL
()
}_n‘
By
N
(e
X
=
mu)
fio
=
4»
PN
Y
g
N
—_
(o)
[e)

A, 70/)01]E}i0ﬂ T3 HA, 2%

100

EEm Elimination

80 4 /3 Non-elimination

60 A

40 4

0 ID Im

C.discolor C. sieboldii

Contamination rate(%)

Fig. 4. Effect of outer leaf elimination on fungal contamination in initial stage of
apical meristem culture of Calanthe discolor and C. sieboldii.
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Fig. 5. Effect of low temperature on browning of apical meristem initial cultures of
Calanthe discolor and C. sieboldii in early Aug.
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Fig. 6. Effect of low temperature on browning of apical meristem subcultures of
Calanthe discolor and C. sieboldii.
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Fig. 7. Effect of low temperature on browning when monthly cultured apical
meristem of Calanthe discolor.
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Table 22. Effect of several additives on postresponse in apical meristem cultures
of Calanthe discolor

- August December
Additives - - - -
Survival(%) Browning(%) Survival(%) Browning(%)
Control 29.7 70.3 87.7 12.3
MES 500mg/L 57.3 42.7 90.2 9.8
MES 1,000mg/L 45.8 54.2 89.7 10.3
MES 1,500mg/L 39.7 60.3 86.9 13.1
Activated charcoal 20g/L 60.0 40.0 89.0 11.0

Ascorbic acid+citric acid
(100+150mg/L)

Note: Used medium was MS basal medium+2.0 mg/L NAA+0.5 mg/L. BA+8
g/L agar, pH 5.8

43.0 57.0 83.0 17.0
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Table 23. Effect of culture methods on shooting and PLB formation from apical
meristem cultures of C. discolor and C. sieboldii

Species Stationary Shaking Drum
Vieda for}r()n;il?on Sh?(%t)i ng forf()n;il?on Sh?(%t ; ng forlr:n;%gion Sh?%t )l ng
C. discolor MS 2.0 275 0.0 0.0 0.0 0.0
HsP» 2.0 20.0 0.0 0.0 0.0 0.0
H3P4 2.0 20.0 0.0 0.0 0.0 0.0
C. sieboldii MS 2.0 235 0.0 0.0 0.0 0.0
HsP» 15 255 0.0 0.0 0.0 0.0
H3P4 2.0 275 0.0 0.0 0.0 0.0
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Fig. 8. Formed PLB from apical meristem culture of Calanthe discolor in MS basal
medium which added with 20 mg/L NAA, 05 mg/L BA and 20g/L
activated charcoal
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Table 24. Effect of growth regulators on shooting and PLB formation from apical
meristem cultures of Calanthe discolor and C. sieboldii

Control 35.0 0.0 65.0
NAA1.0+BAOS 30.5 0.0 69.5
NAAZ2.0+BAOS 25.0 15 735
C. discolor NAA3.0+BAO0.S 275 2.0 70.5
NAA1.0 + Kinetinl.0 32.5 0.0 67.5
NAAZ2.0 + Kinetinl.0 225 2.0 75.5
NAA3.0 + Kinetinl.0 20.0 2.0 78.0
Control 30.5 0.0 69.5
NAA1.0 + BAO0S 30.0 0.0 70.0
NAAZ2.0 + BA0S 235 1.0 75.5
C. sieboldii NAA3.0 + BAOS 155 1.0 3835
NAA1.0 + Kinetinl.0 20.0 0.0 30.0
NAAZ2.0 + Kinetinl.0 15.0 2.0 33.0
NAA3.0 + Kinetinl.0 15.0 2.0 33.0

Note: Each medium contained 2% activated charcoal.
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Table 25. Effect of TDZ, Dicamaba, and BA on PLB formation in several organ
part of Calanthe discolor.

PLB formation rate(%)

Treatment . _

D T et e Ovary P Root i 52
TDZ 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TDZ 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TDZ 0.5 0.0(5.0) 0.0 0.0 0.0 0.0 0.0 0.0
TDZ 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TDZ 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dicamba 0.5  0.0(12.5)  0.0(10.0) 0.0 0.0 0.0 0.0 0.0
Dicamba 1.0  5.0(25.0) 5.0(25.0) 0.0 0.0 0.0 0.0(5.0) 0.0
Dicamba 2.0  0.0(25.0) 0.0(25.0) 0.0(3.3) 0.0 0.0 0.0(5.0) 0.0
Dicamba 5.0  0.0(25.0)  0.0(10.0) 0.0(3.3) 0.0 0.0 0.0 0.0
Dicamba 10.0 0.0(10.0)  0.0(10.0) 0.0(3.3) 0.0 0.0 0.0 0.0
BA 0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BA 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BA 05 5.0 5.0 0.0 0.0 0.0 0.0 0.0
BA 1.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
BA 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Note: Each explant was cultured in MS basal medium added with plant growth
regulators.

“TDZ; YDicamba
() represent calli formation rate
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Table 26. Effect of growth regulators on PLB formation when cultured individual
organ part of Calanthe discolor.

PLB formation rate(%)

Treament ALY BRCE L Tl Ovary PR Root tip oS8
T1.0+NO0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+N0.5 16.7 0.0 3.2 0.0 0.0 0.0 0.0
T1.0+N1.0 33.3 16.7 0.0 0.0 0.0 0.0 0.0
T1.0+N2.0 429 16.7 0.0 0.0 0.0 0.0 0.0
T1.0+N3.0 33.3 0.0 0.0 0.0 0.0 0.0 0.0
T0.1+D0.5 0.0 0.0 2.0 0.0 0.0 0.0 0.0
T0.1+D1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T0.1+D2.0 10.0 5.0 0.0 0.0 0.0 0.0 0.0
T0.1+D5.0 10.0 5.0 0.0 0.0 0.0 0.0 0.0
T0.1+D10.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+D0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+D1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+D2.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+D5.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
T1.0+D1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B1.0+N0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B2.0+N0.5 3.3 3.3 0.0 0.0 0.0 0.0 0.0
B1.0+NO.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B0.1+N0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B0.1+NO.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K1.0+NO0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K1.0+N0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K1.0+N1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K1.0+N2.0 5.0 3.3 0.0 0.0 0.0 0.0 0.0
K1.0+#N3.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0
K0.5+P0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K0.5+P0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K0.5+P1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K0.5+P2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K0.5+P3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Note: Each explant was cultured in MS basal medium added with plant growth
regulators.

“T;TDZ, N;sNAA, B;BA, K;Kinetin, P;Picloram
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Fig. 9. Formed PLB from axillary bud culture(left) and apical meristem culture(right)
of Calanthe discolor in MS basal medium containing with 2.0 mg/L NAA and 1.0
mg/L TDZ, 1.0 mg/L NAA and 1.0 mg/L TDZ respectively.

B

Fig. 10. Multiple shoot formation of on MS medium containing with 1.0 mg/L. TDZ
and 0.5mg/L NAA(eft), 0.1 mg/L TDZ and 0.5 mg/L Dicamba respectively

Fig. 11. Formed calli from root tip(left), apical meristem(center) and flower
stalk(right) culture of Calanthe discolor in MS basal medium with 2.0 mg/L
2,4-D
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2 AIA dFs2

A3 Aol A fel® PLBEYEE PLBO A54 2 shootd A& A4S A3
¥ 279 2o AESES MS7|Eu Ao NAAY Fx7F Z=o}d4E charcoale] #H7F
A7 FIEE A g2 v Aol BlE| ZmobA= Aol e 53], TDZ 1 mg/L+NAA
2 mg/Lul Ao A= charcoal?] X 7I2 1ste] AUulgs Tx 588%2e AEE]
charcoal #7F= Ql&te] 93.3% = F7tste] oF 35%° AMEE T7FadE YErUddY 1
21} PLBO| A2 &S 94%= TDZ 1 mg/Loll NAA 1 mg/L =% 3 mg/L7F 3 7H)
Z19] 18.2%9F 16.1%°l #Hl&] W& Holdth. Shoot &S TDZ 1 mg/Lel NAA 1
mg/L7F A7Fd wiRl A 333% 2 71 =92 charcoale] H7FEA &e TDZ 1
mg/Lell NAA 2 mg/L H7FiAlel A= H38] shoot @Ado] o] Folx ] et whebA
PLBe AT4S HsiAE L& PLBEAES etstel MS7|EuiAo] TDZ 1
mg/L, NAA 3 mg/L®} charcoals F7Fst %7} shoot® A ol &= MS7]Zujx] ¢ TDZ 1
mg/L, NAA 1 mg/L®} charcoals # 7+t vjx7F @24l o= ddech

A G-etel AS FAFo] 93 AAuE o] Byl doju JHe nE

FAN ol = At dorn Aol o3 GEA HARE tFAI] 7]zt
s oy 27 edgo] A49E Ea AWE AsY PLBE JAA7I7I7F 2 d
2 Zo Hlg ozl Woldrh B A7AY ZWMAANS WA HAA wixE Augo
28 AFHORREE 20%9 PLBE, dol=HE oF 50%¢ PLBE IAARAoH ol&
A= 25 A T2 AN dZFSAAN & LA FEE ALk 7hEsksl

(1 129} 13).

s
<

Table 27. PLB and shoot formation of Calanthe discolor in different combination
of plant growth regulators with or without charcoal on MS basal medium

Media Survival(%) formle:}i(l?n(%) forrr?e?t(i)(;)rg(%)
TDZ 1mg/L + NAA 1mg/L 48.6 14.3 25.7
TDZ 1mg/L + NAA 1mg/L + charcol 84.8 18.2 33.3
TDZ 1mg/L + NAA 2mg/L 58.8 6.0 0
TDZ 1mg/L + NAA 2mg/L + charcol 93.8 9.4 25.0
TDZ 1mg/L + NAA 3mg/L 66.7 12.1 6.0
TDZ 1mg/L + NAA 3mg/L + charcol 90.3 16.1 22.6
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Fig. 12. Multiple propagation of PLB(left) and multiple shoot(right) of Calanthe
discolor on MS medium.

Fig. 13. Seedling growth of Calanthe spp. on transplanting medium (left) and 30
days after transplanting into greenhouse (right).
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Fig. 15. Changes in growth of flower bud of C. discolor and C. striata.

Table 28. Time of sprouting, inflorescence emergence, flowering and flower wilting
of C. discolor and C. striata.
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. . Inflorescence Flowering Flower Duration of
Sprouting time

Species (month/day) Emergence time time wilting time flowering ¥
Y (month/day) (month/day) (month/day) (day)

discolor 4/9+0.5 4/20£1.0 4/28+0.3 5/12+0.3 14.7+£0.6

striata 4/8+0.5 4/19£1.0 4/28+0.2 5/15+0.2 17.2+£05

* tstandard error
¥ Flower wilting time - flowering time

Table 29. Flower stalk length and width, inflorescence length, number of florets and
floret size of C. discolor and C. striata.

Flower stalk No. of Floret Sepal Petal
Species ) diameter
P Length Width florets 05T Tenoth Width  Length  Width
(cm) (cm) (cm) (cm) (cm) (cm)

discolor 27.1£4.9 0.3+0.01 10.9+0.7 3.0+0.04 1.6+£0.03 0.6+0.02 0.5+0.03 0.5%0.01

striata  33.1x0.4 0.4+0.03 9.8+0.7 5.0+0.2 2.8+0.1 0.9+0.04 22202 0.7£0.1

Table 30. Longevity of each floret of C. discolor.

Longevity of each floret (days) Mean

¥ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (days)

3 15 15 16 15 15 15 14 14 14 12 13 14 14 12 141+03

? Order of florets from base of flower pseudobulb.

Table 31. Leaf length and width of C. discolor and C. striata after flowering.
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Leaf

Species Length Width
(cm) (cm)

discolor 22.0£0.6 6.3£0.2

striata 24.9+0.6 9.4+0.6
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Fig. 17. Changes in chlorophyll contents of C. discolor and C. striata.
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Fig. 18. Changes in pseudobulb growth of C. discolor and C. striata after flowering.
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Fig. 21. Changes in number of scaly leaves of axillary bud of C discolor and C.

striata after flowering.
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Fig. 22. Changes in axillary bud length of C. discolor and C. striata after flowering.
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Fig. 23. Changes in axillary bud width of C discolor and C. striata after flowering.
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Fig. 24. Various developmental stages of floret of Calanthe.

@
®)
®
@
GP

. Growing point enlargement ® : Sepal formation
. Bract primordium formation ® : Column formation
: Floret primordium formation @ : Pollen formation

: Petal formation
: Growing point, B @ Bract, FP : Floret primordium, S : Sepal
P : Petal, L : Lip petal, COL : Column, PO : Pollen, ST : Stigma

- 100 -



Table. 32. Number of florets in various developmental stages of C. discolor.

Sampling No. of No. of No. of florets in each developmental stage
axillary  total Growing Floret
date point Bract Petal Sepal Column Pollen
buds  florets  epjargement primordium
May 24 21 - - - - - - - -
30 21 - - - - - - - -
Jun. 7 21 - - - - - - - -
14 21 - - - - - - - -
21 14 - - - - - - - -
28 14 - - - - - - - -
Jul. 5 16 - - - - - - - -
12 16 - 1 3 - - - - -
19 16 14 11 10 7 7 - - -
26 15 50 15 14 19 14 10 7 -
Aug. 2 12 64 12 24 24 12 18 14 6
9 15 101 14 29 33 13 18 23 14
16 14 109 13 18 13 7 31 28 50
23 15 198 14 14 13 9 22 26 128
30 15 139 11 9 10 6 14 20 89
Sep. 7 16 231 16 13 9 10 16 28 168
17 16 263 12 17 5 1 20 19 218

Table. 33. Number of florets in various developmental stages of C. striata.
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No. of No. of No. of florets in each developmental stage

Sampling
axillary total Growing Floret
data point Bract Petal Sepal Column Pollen
buds  florets  eplargement primordium

May 24 14 - - - - - - - -
30 13 - - - - - - - -
Jun. 7 12 - - - - - - - -
14 14 - - - - - - - -

21 14 - - - - - - - -
28 14 - 1 - - - - - -
Jul. 5 13 - 2 - - - - - -
12 9 - 5 - - - - - -

19 10 6 4 1 3 1 2 - -

26 8 49 8 14 15 11 11 7 5
Aug. 2 9 64 7 11 13 14 16 13 8
9 5 62 5 7 11 7 11 11 22
16 6 59 5 10 9 2 6 10 32
23 6 94 6 5 10 4 12 15 53
30 6 68 4 5 6 4 6 13 39
Sep. 7 7 79 7 13 13 11 4 6 45
17 7 81 6 13 8 5 3 2 64
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Fig. 25. Rate of pollen formation in all florets of C. discolor and C. striata.
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Fig. 26. Changes in content of reducing, non-reducing sugar and starch in
pseudobulb of C. discolor.
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Table 34. Effect of low temperature(1°C) period and GA(100mg - L ') treatment on

sprouting and flowering of Calanthe discolor.

Low Flower stalk
temperature  GA Planting  Sprouting Flowering Flower
) emergence .
period date date date wilting date
date
(days)
X _ _ _ _
0 0 Oct. 15 B B B B
20 - Nov. 8 ) ) ) )
0 ov. B B B B
40 “ Nov. 2 ) ) ) )
0 ov. B B B B
X Jan. 11 Jan. 22 Jan. 29 Feb. 13
60 Dec. 14
O Jan. 6 Jan. 14 Jan. 23 Feb. 9
X Jan. 18 Jan. 25 Feb. 2 Feb. 17
80 Jan. 4
O Jan. 15 Jan. 19 Jan. 27 Feb. 15
X Feb. 5 Feb. 12 Feb. 19 Mar. 6
100 Jan. 24
O Feb. 4 Feb. 10 Feb. 18 Mar. 4

Table 35. Effect of low temperature(1°C) period and GA(100mg - L'!) treatment on

days to flower stalk emergence and flowering, flowering period and rate of Calanthe

discolor.
Low . Days. from Days from Flowering Flowering
temperature  GA  Planting planting to . .
. planting to period rate
period date flower stalk . o
flowering (days) (%)
(days) emergence
< , , , _
0 0 Oct. 15 B B B B
% - - - -
20 0 Nov. 8 B B B B
% - - - -
40 0 Nov. 26 B B B B
X 39 46 15 60
60 o Decld 31 40 17 80
X 21 29 15 100
80 o Jand 15 27 16 100
x 19 26 15 100
100 o Jam A 17 24 14 100
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Table 36. Effect of low temperature(1°C) period and GA(100mg - L ') treatment on
Flower stalk and floret growth, leaf growth of Calanthe discolor.

Flower Upper
; Leaf
. C:rlr? ot GA Planting stalk lsglii No. of sepal ll;leiil /
catme date  length . ©' florets Length Width Length Width &
(days) (cm) width
(cm) (cm) (cm) (cm)  (cm)

% _ _ _ _ _ _ _ _

0 Oct. 15
O _ _ _ _ — — _ —
« _ _ _ _ _ _ _ _

20 Nov. 8
O — — — — — — — —
% _ _ _ _ _ _ _ _

40 Nov. 26
O _ _ _ — — — — —
X 23.7 8.7 14 1.1 0.8 18.3 85 2.2

60 Dec. 14
(0] 26.5 9.8 15 1.2 0.7 20.7 75 2.8
X 28.4 10.2 16 1.2 0.7 19.7 7.1 2.8

80 Jan. 4
(0] 32.6 12.1 16 1.3 0.7 21.0 7.0 3.0
x 30.0 12.3 15 1.2 0.7 20.5 6.8 3.0

100 Jan. 24
(0] 34.2 14.7 16 1.3 0.7 22.3 6.5 34
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Ao E3E Fol7] AA = GAX 7L Zad Aew YA

Table 37. Effect of low temperature(1C) treatment date and GA(100mg- L")

treatment on sprouting and flowering of Calanthe discolor.

Cold GA Planting Sprouting Flower stalk Flowering Flp Wer
treatment date date emergence date wilting
date date date
« _ _ _ _
Sept. 16 Nov. 15
O _ — — —
X Dec. 24 Jan. 19 Jan. 29 Feb. 9
Oct. 2 Dec. 1
O Dec. 14 Dec. 29 Jan. 11 Jan. 26
X Jan. 13 Jan. 24 Jan. 31 Feb. 15
Oct. 17 Dec. 16
O Jan. 8 Jan. 16 Jan. 22 Feb. 11
X Jan. 24 Feb. 2 Feb. 9 Feb. 25
Nov. 1 Dec. 31
O Jan. 19 Jan. 23 Feb. 1 Feb. 19
X Jan. 25 Feb. 1 Feb. 6 Feb. 22
Nov. 16 Jan. 15
O Jan. 19 Jan. 25 Jan. 30 Feb. 18
X Feb. 6 Feb. 13 Feb. 17 Mar. 4
Dec. 1 Jan. 30
O Feb. 3 Feb. 8 Feb. 11 Feb. 27

Table 38. Effect of low temperature(1C) treatmen date and GA(100mg - L '') treatment
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on days to flower stalk emergence and flowering, flowering period and rate of
Calanthe discolor.

Cold . Days' from Days from Flowering Flowering
Planting planting to . .
treatment planting to period rate
date flower stalk .
date flowering (days) (%)
emergence
% _ _ _ _
Sept. 16 Nov. 15
O — — _ —
X 49 59 13 50
Oct. 2 Dec. 1
O 30 42 15 90
X 39 46 15 60
Oct. 17 Dec. 16
O 31 37 17 80
X 33 40 15 100
Nov. 1 Dec. 31
@) 23 32 18 100
X 17 22 16 100
Nov. 16 Jan. 15
O 10 15 19 100
x 14 21 12 100
Dec. 1 Jan. 30
@) 09 16 12 100

Table 39. Effect of low temperature(1C) treatment date and GA(100mg- L")
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treatment on Flower stalk and floret growth, leaf growth of Calanthe discolor.

Flower . Upper Leaf
Cold GA Planting  stalk Spike No. of sepal Leaf
treatment date length length florets - - length/
date g (cm) Length Width Length Width :qp,
(cm) (cm) (cm) (cm) (cm)
% _ _ _ _ _ _ _ _
Sept. 16 Nov. 15
O _ — _ _ _ _ _ —
X 22.6 8.0 13 1.3 0.8 20.0 9.6 2.1
Oct. 2 Dec. 1
@) 24.4 9.8 15 14 0.7 24.4 9.2 2.7
X 23.7 8.7 13 1.1 0.8 21.6 9.6 2.3
Oct. 17 Dec. 16
@) 26.5 9.8 15 1.2 0.7 26.2 9.0 2.9
X 24.5 10.1 15 1.3 0.8 22.3 9.7 2.3
Nov. 1 Dec. 31
@) 30.2 10.8 16 14 0.8 26.8 8.9 3.0
X 27.3 10.3 16 1.3 0.8 23.0 9.2 2.5
Nov. 16 Jan. 15
) 315 12.0 17 14 0.8 27.0 8.2 3.3
X 30.3 11.2 17 1.3 0.7 23.3 8.0 2.9
Dec. 1 Jan. 30
@) 35.0 134 17 1.3 0.7 27.2 8.0 3.4
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Fig. 27. Effect of low temperature(1C) treatment date and GA(100mg - L') treatment
on flowering of Calanthe discolor. Left to right : 16 Sept., 16 Sept.+GA, 2 Oct, 2
Oct+GA.
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Table 40. Flower bud length and width of Calanthe spp. at planting.
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Planting date GA Flower bud length  Flower bud width

(month/day) (50mg L") (cm) (cm)

X 5.8 1.3
4/22

O 6.1 1.3
4/29 X 5.6 1.2
5/6 X 6.4 1.3

X 5.7 1.3
5/13

O 6.5 1.2
5/20 X 6.0 1.3
5/27 X 6.4 14
6/3 X 7.3 1.3
6/10 X 7.2 1.3

X 7.0 14
6/17

@) 7.3 14

Table 41. Effect of planting date and GA treatment on the growth and flowering of
Calanthe spp.

. Flower
Pl?ir;?eng GA . Sproting iﬁgger}fgf Flowering i};ﬁfé No. of  stem
(m/d) (50mg 'L ) date date date date florets dlflrrnn;t)er

/22 X 4/26 5/4 5/18 5/28 15.6 3.7
O 4/24 4/30 5/14 5/26 15.0 4.0
4/29 X 5/3 5/11 5/25 6/2 145 3.8
5/6 X 5/10 5/16 5/27 6/5 16.3 4.0
X 5/15 5/22 6/1 6/9 13.6 3.8

5/13
O 5/14 5/20 5/28 6/8 14.3 3.7
5/20 X 5/23 5/29 6/8 6/14 16.0 4.1
5/27 X 5/29 6/4 6/13 6/19 16.6 4.2
6/3 X 6/5 6/9 6/19 6/24 14.4 4.0
6/10 X 6/12 6/16 6/24 6/29 16.3 4.2
X 6/18 6/23 6/30 7/6 14.9 4.2

6/17
O 6/18 6/21 6/29 7/5 15.3 4.0

Table 41. Continue.
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Planting G No. of No. of days No. of No. of days

( 1?/?/% ) (50rngAL71) days toZ to flower bl%d days to . to .ﬂ(_)wgr
sproting emergency flowering wilting

/22 x 4 8 22 10

O 2 6 20 12
4/29 x 4 8 22 8
5/6 X 4 6 17 9
5/13 - 2 ! 17

@) 1 6 14 11
5/20 x 3 6 16 6
5/27 x 2 6 15 6
6/3 x 2 4 14 5
6/10 x 2 4 12 5
6/17 x 1 5 12 6

@) 1 3 11 6

“From planting, *From sprouting, *From flowering.

35

30

GA

25 1

20 r

Flower stem length(cm)

0
Apr22 Apr29 May6 May.13 May20 May27 Jun3 Junl0 Junl17 Jun24 Jull Jul 08

Planting date

Fig. 28. Effect of planting date and GA treatment on the growth of flower stem of
Calanthe spp.
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