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Summary

Culture conditions and culture media of aseptic seed culture were investigated to establish the multiplication

of Dactylorhiza aristata Fisch. (Orchidaceae). Immature seeds, which are 3 weeks old after pollination, could ger-

minate and 5 weeks old seeds showed the best germination. Chilling increased germination rate of mature seeds

on Hyponex media. Addition of 1 ppm BA and/or 1 ppm NAA to Hyponex media showed no effect on germina-

tion. Germination on Norstog media showed higher germination rate than that on Hyponex media. Chilling did

not stimulate seed germination on Norstog medium but stimulated seed germination on Hyponex media. Addition

of NH,NO, into Norstog medium inhibited germination and the cause of inhibition was NO,". Inhibitory effect of

NO,” was cancelled by chilling and no chilling effect was observed on Norstog medium which contained no NO,~.

Growth of protocorms was inhibited lesser extent by NO,™ than germination of seed. Growth of protocorms was

stimulated by addition of peptone or potato extract to culture media.
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HEDOFHVLDHZ L, HELEINTHEEDLDH
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PREVESHFET S, LA L. ALHICKERET
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AKWFge ¢ N L5 % 3 72 Dactylorhiza aristata (7>
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AR N F R, dLiEEEORYE 75
ATy 7Ry MEZKEHRE 2 HICHEAL. BHKE
KFNOIRE THE L (Fig. 1D). 4 ¥ IZBAEL
TIHICHRER 21T\, BHhod 3B, 5H8HHE
FCHAS CREERML, 20 F FRMET 2L
720

TR T L, RHRTARORBER O &  FEE2 T
WL, GZRERZE LS CRPOHFENEHEL. &
Y2 REEEDETNT 71 VTHAR, BTNV
DA 5724 T AHAICZ 22 + 1°CIELAETRAE LRI L
720

=4 © Hyponex (6.5-6-19) 3 gL', ~<_7 F »2gL™,
MS 15 Hi (Murashige and Skoog, 1962) O #&¥ir &
., Ya—7H0—RA20gL", FERSgL'HRIMLAZD
@ &, Norstog##i (Norstog, 1973) DFEK% IV x5
PHLILNIHE L LD FIEAREME LT (Table

Table 1. The media compositions used for seed germination of
Dactylorhiiza aristata.

Media (mgL™)

Components Modified? y
H Norstog
yponex
Comercial Hyponex
fertilizer (N:P:K=6.5 (6.0:19.0) 3000.0
KH,PO, 910.0
Major KC1 750.0
elements MgSO, - 7TH,0 740.0
CaCl,- 2H,0 740.0
MnSO,- H,0 3.0
H;BO, 0.5
Minor ZnSO,- 7TH,0 0.5
clements CoCl, - 6H,0 0.025
CuSO, - 5SH,0 0.025
NaMoO, 0.025
Fe (IIT)-EDTA 10.0
myo—inositol 100.0 50.0
thiamine - HC1 0.1 0.25
Vitamins pyridoxine - HC1 0.5 0.25
nicotinic acid 0.5
Ca-pantothenate 0.25
glycine 2.0
L-Glutamine 400.0
L-Alanine 50.0
Amino L-Cysteine 20.0
acids L-Arginine 10.0
L-Leucine 10.0
L-Phenylalanine 10.0
L-Tyrosine 10.0
L-Malic acid” 1000.0
. peptone 2000.0
Organics CW (optional) 100.0 (mIL™)
Carbohydrate Sucrose 20000.0 34200.0
Lo Agar 8000.0
Solidifier Gellan gum 3000.0

“Malic acid was added after dissolving 30 ml of deionized distilted
water.

YpH of Hyponex medium was adjusted by HCI or KOH and that of
Norstog medium was adjusted by NH,OH to 5.5-5.6. After dissolving
the solidifier in a hot bath, all media were autoclaved for 15 minutes at
115°C.

il ZEF

1) UG U CRERMY &2 R L THW, £h
ZHpH % 5.5~ 5.6 |IZF%EL, 115°C, 15574 — 2
L— 7 TR L 720 BRFERT T AT v 7 B32%
BEMIGAR. A 7 LT RAERORE LY,
7)) — R F N TREE AL 2H 15 ml 241

L. 839 74 VATHEEZ L THW,

BREAE RS CBIZT0% 8 7 — )VIZH 10701
REL. BEAKTT T &, 20#0.5% KHEEHERE T b
U AW 1053 R VAR L. IR K T3 ~4 5
TV, 7)Y NRXUYFHT, Mzt ige L&
CREA~6F7ICHmY ) L, BRENOREIZ2~3
YhEizZ 27, ERFETF ORKFIL. NE6 mm x &
E8emDH T ARy MM E D . Bl b
IR 2 AN, FoOLRICHEREZERTHED, ¥
Ny MIFE Yy TR, 0.5% KHEEFERRF F ) 7 A
KB 105 FIHEL 720 BWHTH. 7 — R
FNT, REAKRER > TIHETE2DE5~6HHD R L
WL BEOHE XYy 724 L. OB
Yty TR BRE, P2 AF 27 TTLn
W17 1 v adhzh)100~200fE 12725 5912
BREL., ExXy N TIREKE ImBBEEAL, BHF%
i B —IZIR T,

BEEEMG EEIE S 22 £ 1°CTITw, 4
SAMRER T CBIZ L. AR LR % i - 7 B RS T 5
EL A L7z (Fig IF). F72. F3FERIT IR F
%) x 100 & LCEH L7z,

70O M3—LDIEE  Norstog B Hi (12 FEFE L, 22 =
1°C, W55 Cc24~32:A8 3 L T2 7uba—2
(Fig. IH) 5., 1~2mm®D b D% FEATHE L 720

TR & B

BFORERF NI U F N oHhE3A
S58EH T THBERM LS RE, BHEk4~65
STl ZOFFHRMEL -, KRBT IZED
BB COMMEBRN4ETRIEL, #hasSHEE0LO
DIEFBIAEEIEL otz BHELLHETIZ. £
COERE b DAMERD 70 b a— s 2B L 72,
RYIVNV7F=Y (BA) lppm & a-+7 % L VFEEE
(NAA) 1 ppm i FEFRT L5 RITA SN Lo
72 (Table 2),

SEHEFORFICKIITTBAS L KBMIEDRD
R EIBAEEZ L CBAERMOM X Tk, FE%
2HEBICHIENRD SNTH, FOBRIFERIH T Y
B, HEGI6AEICBVWTH,. BAERNX T
9.3%. 2 ppm 7 M X T 3.7%. 10 ppm 77 Hl1 [X T 9.8%.
20 ppm iR ANIX T2.8% & 72 o 720 REBRKEHH S 1E.
BA O3SFARERN FILFRD S h o 72 (Table 3),

TRIRALEL X D FEIFEFRIL TN O ALK & ML X &
FREPZNLLET, ZOMESPR SN/ FFEEN
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Fig. 1. Dactylorhiza aristata in a habitat and plant materials used in this experiments.
A; B; C: Dactylorhiza aristata in a habitat. D; One plant used to produce seed materials in this experiments. E; A fertile ripe seed.

F; A seed just germinating. G and H; Seeds germinated on a Hyponex and a Norstog medium cultured for 32 weeks in a 100 mL
Erlenmeyer flasks.
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Table 2. Effects of seed maturation on seed germination of
Dactylorhiza aristata.

Average number””
of seeds
germinated

31.4 b*
16.0 bc
71.0 a*
10.2 bc
31.0b
40c

3.2b

8.0b
35.8a
12.6 be
24.0 ac

44b

Seed age
(weeks after
pollination)

Media®
Hyponex

-PGR

+PGRs
(1 ppm BA+
1 ppm NAA)

OO R W[ WN R W

“Seed capusules were cutted into 4 to 6 segments after sterilization of
0.5% sodium hypochlorite solution for 10 minutes folowed by rinsing
of deionized-distilted sterilized water and two of them were inoculated
on to each medium in a cultur tube. Number of germinated seed were
counted after 12 weeks of innoculation.

Y Columns with different letters are statistically significant (P<0.05)
within the same media by Bonferrani Multiple Range Test. Asterisks
(*) indicate significant difference (P<0.05) between the same seed
maturation on different media with or without PGRs.

*Hyponex medium (Table 1) with peptone was used as basic medium
and plant growth regulaters (PGRs; NAA and BA) were added 1 ppm
each.

Table 3. Effects of BA and chilling treatments on seed germina-
tion of Dactylorhiiza aristata”.

Culture periods of

Medium” each treatment N
(weeks) Germination

(%)

BA  Pretreatment Chilling Culture

(ppm) 22+ 1°C 5+x1°C 22=+1°C

0 0 0 16 9.3
0 16 3.7
0 4 16 16.5
8 16 9.2
16 16 232
4 16 20.0
1 8 16 25.4
2 16 16 46.3
Hyponex 4 16 38
2 8 16 452
16 16 38.7
4 16 8.4
4 8 16 23.3
16 16 11.6
10 0 0 16 9.8
20 0 16 2.8
LSD (5%) 13.8

“ About 100 to 200 mature seeds which polinated at Aug. 3, 2000 and
hervested Sept. 20, 2000 were sown at Oct. 12, 2000 in 60 mm diameter
disposable petri dishes.

YModified Hyponex medium (Table 1) was used as basal medium and
benzyl adenin (BA) was added complementarily.

X Cultures were kept in dark condition and number of germinated seeds was
counted after the end of whole culture periods.

OEP oD, FEAEE 1 ORI H KRR
P4 16 BB HE L 72 LB X 0 46.3% T $HHEIX (3.7%)
DI0FELL L DEIFRE 2572,

PR S | RIRALEL L 72 X T FERHRNEH[ T
Holze WFOWIKNPATHD I L OMIEMIERIZ, #
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OREPHNII L WEEZ BN T Y FHEM OTET-
FIFER ORI O R H (X, Ponerorchis graminifolia
(Ichihashi, 1986). Cypripedium reginae (Ballard, 1987)
Cyp. calceolus (Chu and Mudge, 1994) . Cyp. macranthos
(‘& M - ##)5{, 1995; Tomita and Tomita, 1997; Miyoshi
and Mii, 1998) 7 & CHIH TV 575, HIFFEOR)R
5 Ho T, TNHIZBWTHRHETEO R
T AN EZ NS,

N WY F R o fF 5 3 13 Hyponex 35 #i T
0.00274% (UTJE S, 1997), Norstog ¥ #i T3 71.3% &
EWWEEFRPHOEN TS (EH-AIT, 2000), 4%
B ClIrigE S (1997) O¥y4 L kR IZ Hyponex 55 # %
R 7oAs, 31T 2 2010 < IRIRALEI I N 7
vF ) OZHHETF ORIRFTH O O E DDOER & E 2
b7z,

Eis L OMERMENTRIEBFORFICKRIZTE
O ofEE & ARRLE ST ET 5 2 EAUR
BEINTZDT, ZN0DEEIZONTIRET L 72,

Hyponex 5 #& % > 13 Norstog 55 3 (Table 1) |2 BA %
2ppm, 72T F v+ —%— (CW) % 10% %
H0 L 7285 # 2 SEE - & Bif R O 5 TR LB L
R D FFE TR L7,

WTNOEEH T EME T DFEHENFRD S L7z,
Hyponex 5 #h O SARIR LI X Tl #HEH3EE TR
FENFRO NI, AR REFRITTND 15%H)
BT o770 RIRMERX TIE22 £ 1°CIZJR L7214, 3.
48 TEFEIZEHEIE L, Hyponex B # Tl R &M 72 583
FIX534% LI b T o720 BAR CW ORIOZNH
RO LN o7z (Fig. 2. 3)o
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--@--H+ 2ppm BA
50} --0--H+10%Ccw
-.O-N
-- B --N+ 2ppm BA
40 F--@--N+10% CW

—O—H + Chilling
—@—H + 2ppm BA + Chilling
[ —O—H + 10% CW + Chilling
—3—N + Chilling
——N + 2ppm BA + Chilling
[ —O—N + 10% CW + Chilling LI
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Fig. 2. Effects of chilling and addition of benzyl asenine (BA)

or coconut water (CW) on seed germination of Dacty-
lorhiiza aristata.
Mature seeds, average 248.7 + 8.3 (mean + SD) were
sown on a medium in 60 mm plastic dishes containing
15mL solid medium and replicated at least 10. Basal
medium, Hyponex or Norstog was added 2 ppm BA or
10% CW. Seeds were sown at Oct. 17, 2001 and cultured
at 22 + 1°C in dark. Half of dishes were kept at 22 + 1°C
for two weeks and then kept at 5 + 1°C for 8 weeks and
cultured again at 22 + 1°C in dark (solid lines).
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Fig. 3. Effects of chilling and addition of benzyl adenine (BA) or coconut water (CW) on seed germination of Dactylorhiiza aristata.
Mature seeds, 248.7 + 8.3 (mean + SD) were sown on a medium in 60 mm plastic dishes containing 15mL solid medium. Basal
medium, Hyponex or Norstog was added by 2 ppm BA or 10% CW. Seeds were sown at Oct. 17, 2001 and cultured at 22 + 1°C in

dark for 19 weeks.

Norstog 5z #h D EEIRALIEX T, %3 H T
FEDFRD S, WAL R A% L& o7z, K
IALH XTI, 22 + 1°CIZR L7zt 3. 4H TR
FEHEHDS LA L. SR S ERIL50% itz 7 5 72
(Fig. 2. 3),

AREBR TR D FEIF IR 2 BRIMED FHHERR
TX727% BA, CWRIDOBIRIIFZED SN LD o7z,
¥ 72, Hyponex#i#th & i 5 2% &, £ TOMHKIZB

1 C Norstog B i D J8 3 3135 <. 2 O SR RN 55 ik
BlZH b EEZ 5172, Norstog B #blZIE 7 v E= 7T
REER., WMBEBERIEIN TR LN, I
DINT TR OFEFE R LT AT REEAE 2
bz, F70, ERREER 2 E O TOIRF IR
LR RN, MARREZE 3R % & £ 72 > Norstog 57 4 T
DFEFNNIMRTL B O AH RV IZIRN T L AR S
720
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ERONHNOEES L U7 I /B THET
DEFICRIZFTORE  BREERSNIT T Y
DHEFIZB LT T B L5729, Norstog 57 #i 12
NH,NO, % 0, 0.5, 1.0, 2.0 giihi L 7-%5H#h, Norstog K%
257 3/ WX NHNO, % 0, 0.5, 1.0, 2.0 g3
L 728 CORIFERIZOVTHE L7z, 72, 0.5gL”
(0.0062 M) @ NH,NO, & [d] € )V ® NaCl (0.365 gL.™) .
NH,CI (0.334gL™), NaNO, (0.531gL™") # L 72
R, Norstog#s#h7» 57 I /R K X Hist & Fl= D
NaCl, NH,Cl, NaNO, % #3fill L 7z 8 fEEH DRz % V>,
T YEZTREER, WEEREER, HHVIIT I/ RE
DWTNOBERFEANT T2 F ) ORIFITHEL T
WD DDHETRIT o 72,

NZHUF R ORI, 7 I BROGEIZED
59 NHNO, Z R0 L 72\ I54 128 b 5 < NHNO, iR
Iz &> THFL LM S 7 (Table 4, Fig. 4A),

%t V> T, Norstog 55 #i~ ® NaCl, NH,Cl, NaNO, ®
RINTIE, NaNOy iR IMIX DA TEHIFENFREICHES
72 L72A%> T, Na'y, CI', NH,"., 7 3 JERREEEHR T
FEF 2 HE L 2\t NOy 133 2 HET 5 2 L'
572 7% o 72 (Table 5. Fig.5),

7 YRR O FITMIRFL T, Z DOFIFIINEE 8
BT, |EEEELM TORF IR IIKET 2,
REBOKERTIE, 73 /BB L UNHNO, ER=NIX
TOMETIIFF L, ERFES L CHETIEIRF LD
LEERAL, WHBEEo 7O s a—2%2BET 5SS
EDHHS PR o7z, T2 FTORIFEIIMEREE R
THESN, 7yE=TRERER, 73/ BEERIIN
HLZEWZ EATRE NI, BEHIEROFMEE 25

il #EF

Table 4. Effects of NH,NO; on the seed germination of Dacty-

lorhiza aristata”.

Basal Medium” Germination®
Norstog + NH,NO, (gL.™) (%)

0 384a
0.5 53b
1 1.7b
2 0.0b
—Amino acid + 0 359a
—Amino acid + 0.5 39b
—Amino acid + 1.0 1.1b
—Amino acid + 2.0 0.0b

ZAverage number of 155.5 = 20.5 (mean + SD) seeds were sown and
replicated 8.

YNorstog medium (Table 1) was used as basal medium and NH,NO,
was added 0, 0.5, 1.0, or 2.0 gL'l each into original medium or the
medium deleted amino acids, respectively.

X Germination was observed after 13 weeks of culture. Columns with
different letters are statistically significant (P<0.05) within the same
basal media by Bonferrani Multiple Range Test.

Table 5. Effects of NaCl, NH,Cl, and NaNO; on the seed germi-
nation of Dactylorhiza aristata”.

Basal Medium” Germination®
Norstog + salt (gL’l) (%)

Norstog 294 a

+ NaCl 0.36 25.3 ac
+ NH,C10.33 26.7 a

+ NaNO, 0.53 14.6 be
—Amino acid 30.6 a
—Amino acid + NaCl 0.36 272 a
—Amino acid + NH,C1 0.33 23.0a
—Amino acid + NaNO, 0.53 15.8b

“ Average number of 143.8 + 22.8 (mean = SD) seeds were sown and
replicated 6.

YEqual molar amount of additives to 0.5 gL™' NH,NO; (6.2 mM) were
added to each medium.

X Germination was observed after 13 weeks of culture. Columns with
different letters are statistically significant (P<0.05) within the same
basal media by Bonferrani Multiple Range Test.

Fig. 4. Effects of NH,NO; on the seed germination (A) and the growth of Dactylorhiiza aristata protocorms (B).
NH,NO;, 0, 0.5, 1.0, or 2.OgL’l was added into Norstog medium. Mature seeds were cultured for 13 weeks at 22 + 1°C in dark (A).
One to two mm protocorms were cultured for 24 weeks at 15°C under 500 lux and 16 hr fluorescent light (Plantlux) conditions (B).

Scale bars indicate 1 cm (A) and 5 mm (B).



NG F R OB IEIFEI K BB

Fig. 5. Effects of NaCl, NH,Cl, NaNO;, on the seed germination of Dactylorhiiza aristata protocorms.
NaCl, NH,CI, NaNO, were added 0.37 gL', 0.33 gL ™', 0.53 gL' into Norstog medium. Mature seeds were cultured for 13 weeks
at 22 + 1°C in dark. Scale bars indicate 1 cm.

Table 6. Effects of NH,NO; on the growth of Dactylorhiiza aristata protocormsz.

Media Growth of shoot Growth of root
Survival
BM + NH,NO; (%) formation™ average” average” formation™ average” average”
(gL’]) (%) number height (mm) (%) number length (mm)
Norstog 0 80.0 95.8 1.1a 13.0a 79.2 1.5a 9.9a
Norstog 0.5 70.0 95.2 1.2a 7.0b 76.2 1.8a 6.6bc
Norstog 1 46.7 85.7 I.1a 12.6a 71.4 1.7a 8.4ab
Norstog 2 66.7 90.0 1.2a 5.5b 65.0 1.4a 4.3c

“One to two mm diameter of protocorms which germinated and grew on Norstog medium for 32 weeks at 22 + 1°C in dark were transplanted onto
Norstog medium with different NH,NO; concentrations and cultured for 24 weeks at 15 + 1°C under 500 lux provided by fluorecent lamp for 16 hour
photoperiods.

Y Columns with different letters are statistically significant (P<0.05) within the media with different NH,NO, concentrations by Duncan Multiple Range
Test.

X Growth of shoot formation (%); (number of protocorm which formed shoot/number of protocorm which survived) x 100.

& | Norstog 35z 2D 7 IV Har &L /- 0FE PN T Hyponex 17} 33 X (FNorstog 55 1 % ARG & L, X

v, 73 VBRIEAW R R ERFE L ERE TR r20gL". CW 5%, ¥ v i A B 5%. &5
HWOBENLEE N, VXN T R & 5% 3 L 7z 10 FEEE O RE 2 S AH
Cattleya labiata DFET-1Z, 7V T THREZEGFET L. 78 I —2ADAFICHT LB BET L7z, B
THFT HH. WMIEEEETME—DERIFTL T 52 Hid, HEpEEEE (PR, EA25 mm X /&5 S 120 mm)
WFEFE LR, T FEFRICIIAEIREEZE R R WZ1I0ml$2o5E LA — b7 L—TRE L7,
TEX W/ THAH (Raghaven and Torrey, 1964), F 70 a— AIREEE S0 AL, 10 K
72N, B OT Yy OMETREIFRMICIET Y EZT & L7ze BRI, 15°C TRIE R EEET (797~ &
BERDHLVIIEREBERFEINLHHLEEZON Ly 7 Z) OF500lux, 16 E:RIBHSh: 8 BRI & T
5o TH o 720 BEREWIZ 48 & & ISRk L, SRy
REBROKERTIZ, N7H v F B O#RFERED T IR R 2B 24T o 70
JFRO—21d, BEEZOMESNRICLLLDT, B4 EME TR 722 bR o ko
RFTELVZOTERL, FOFMBPPIEFIITH 7eh T DOHNHNO, OFEMOGIIZEH DL FTITE A
NTwhWwWZ eIZX 0N E N, X512, EO7U N a—ATYa— M baaE ). BAiES
Dactylorhiza incarnata DR FEF BT T v E= BAEHICEBEBRTEFZIREO Y 22— N EBER L, #
TREHZOMEHE L MS N5 (Dik and Eck, M 12E8B IR EZ R T2 Db & o7 (Table 6,
1995) 75, MFEERTH\ 72 Dactylorhiza aristata TIXT Fig. 4B), NHNO;iRM O FEEIIWIRMIZIEH T 0 52
VEZTREFZROMESRIL SN o/, 2D D ONZLD o7z, B4 HEH O R TIE, 7
Cd. BAICE S o Fo A & B TSI O IHERE K Yva— MEROEFIZ, NHNO, ERINK TRBIT
REDTEIEL TWAB I EZRIEL TWAD, F0FEMIC & 7 -7z (Table 6, Fig.4B),
DWTIEAHTH %, INSDORRNPSE, NIy F RO 7Ta ba—24
T7OMI-LOEBICRIETNHNO; & 5 TICE DEFIZBT H NHNO, D FHE R FATRE S e
BRAREEHMOTLE : N FF)o7Tua b a— M. FTSFEORE LD b IHERRIIE N L) 108ig
LA DEFIHT A NHNO, DFEEIZ OV TG 5 72 ENTe ThUE, EEOEFEHEOMEREE X L1, &
%, Norstog 5 b (Z3FFE L, 24 ~32K5 38 L T 5 FRBIHA KRBT B0 LN ST,
N721l~2mmd 7 g k32— A%, NHNO, %0, 0.5, Cattleya |31 F- 5 F OB R Tl MHERA 4 2 2%

1.0, 2.0 gL' 78001 L 72 Norstog ¥ # l 2 B4l L 720 F 72, MATEZ20H, BFOMENRIES N2V, &
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Table 7. Effects of organic additives on the growth of Dactylorhiiza aristata protocorms”.

Media Growth of shoot Growth of root

Survival — - - — - -

BM Additive (%) formation average average formation average average

(%) number height (mm) (%) number length (mm)

— 88.9 95.8 1.1a 8.5a 87.5 l.4a 8.2b

Peptone 73.3 95.5 1.0a 6.1a 71.3 1.5a 10.7b

Hyponex CW 76.7 100.0 1.0a 8.6a 87.0 1.4a 11.1b
Potate extract 90.0 100.0 1.0a 7.8a 77.8 1.3a 12.5ab

Banana 96.7 96.6 I.1a 9.8a 89.7 1.5a 16.4a

— 63.3 84.2 12.0a 9.3b 57.9 1.7a 10.8b

Peptone 70.0 100.0 1.0a 17.2a 85.7 2.2a 20.4a

Norstog CW 48.2 84.6 l.1a 11.9b 61.5 1.8a 10.9b

Potate extract 83.3 100.0 1.1a 13.4ab 92.0 1.9a 18.8a

Banana 66.7 94.4 1.1a 11.4a 83.3 2.0a 16.3ab

“One to two mm diameter of protocorms which germinated and grew on Norstog medium for 32 weeks at 22 + 1°C in dark were transplanted onto
different media containing different organic additives and cultured for 24 weeks at 15 + 1°C under 500 lux provided by fluorecent lamp for 16 hour
photoperiods.

Y Columns with different letters are statistically significant (P<0.05) within the same basal media with different organic additives by Duncan Multiple
Range Test.

X Growth of shoot formation (%); (number of protocorm which formed shoot/number of protocorm which survived) x 100.
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