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AEHF O, 3) HRREDER, 4 #1rxrs0dEESL, 5 #4250 D REWEESET S
NTLAEY, JITREI 2 OEEFRIIAEFEHE L THES S FEEHVT, BrROEES
HWATHEZEL/ L7 D2V 20 TRITL 1,

FFE/ FiCo0TR, FEIARUBARL D OAMEEHOHEIEEC B AREREERL 1,
b FRAFEELCKOEELEMHSERTH S, BILARORBEUREDO+ v T e AR, H
B o- Y HEHOBELWEETH LS, ik, REHOEEEEHORIHV I o—viELLnbh
TVLEZOT, MBERCLE 7 o — VIO L TRHEMA B C LT L, AB, £/ B
OHBEREIMANICA DL, 7+ 5 TOD Chamaecyparis nootkatensis OBIEBEOICE S 2
75 (BouLAY, 1987b), CHIZMOBEET, 4~5AD v 2 — b 2BLICBERL,

< vBRELASRETH S LcHEELBESS VO T, MRS OB CHBEBEOHE L
ahTw3 (Bouray, 1987b), BIAIE, 397 -9, F—F<v, 73 ABEREISLTH
REINTED, V7 -9y TREAZEZHV A2 07—y a2 vVOERIERI LTV 3,
LdL, 7a=evico0WTid, iR EEfAEE TE#@iLcfERT Y,

7 o< (Pinus thunbergii PARL.) B¥ A v Fa vtk 3BENELL, 20l EED 7
o — YHEEOSLBEEN VLR TWS (AR, 1987), ¥/, BAMEFOFHIBVIEREERT &
DPHIELTE 0T, BENROLVHPTEI, S ORRICE 2 KBMBEOMBEERAA

UbEoT &b oEMETReA7aTar—v s v2RIEL, BERNSE ERLOaEESAR
VWIHEAZ PRROCBBHEROREE BRI L TEAD 5 OAREIC ATEETR S ¥ 5 HEic> WTHIE
E{T -7,

EAEMOBEFICEBEOXMREBHE T 5 Hkd—BiIE Bbh 50, I TRIBIZN DI, 1L
IR A OHERTH - foo BEOXRPTIE, WIS TELSNAEHIMEREL S VIR D
BRI EDHEL, FlZIE, GD O, 7A=Y, F-F=Y, UFF-—FYOL OO
BicHwohTULE M (KM, et al., 1982 ; MEHrRA-PALTA, et al., 1978 ; SHIM, et al., 1986), T
OX#E (GressHoF and Doy, 1972) Tid, DBM I~HD38H by, —IC GD Evbh T3 b
DMBENTLODBEBRS C &P L 72, AFETIE DBM [ ZH WD, thOXHERT GD s 4
LTWBENEAHTH S, DBM DiIdAKRAHE L TIREREON N, P, K, BEME< DBM Mi3E
EOohbbDIl/na - 2E2HVIERITHKTH - 10T, IITREALEP -7, EDICH SSS
BT, EBEEELRRICTIEALTAX=VICTEBANS 50, KHETRTAF= Vv Oh%
Hui, X, SH &b, o3k (ScHENK and HiLDEBRANDT, 1972) &, P. radiata TOX#Ek
(ReEILY and WashEr, 1981) i T?dD SH £ Tld myo—1 / ¥+ — VOB 10{5E-TV 3, KR
XT3 P. radiata TRV ONz 100 mg/l DEE TRV,

INFTRESNLHXPT, BHRSESERS A TOEVESGR, FEESLELEbN S,

BE, AHEPO e FOFEAEFHVANEE @b FRALSOHE @ 7 o vEKEH
WISV TORRO—IIZ T TIARL TV AEY (IsHir, 1986; A, 1988, 1989), A#Ei
FhoDF— I dEHTHRAL, b/ #&7 o7y OHIBERRHORKZIETZ2INETORRER
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2.1 MEEAEE

b/ +ETRIFEHREADIRR ARMAERRS) BFIEECRESN TV I RNEEREIRA S
EHEMREELB W, fKkTl-cbLiz, 0%z %/ —NT25, 10% BE{LKFEKTIOSHEEL,
2 EIEK T LT 1% FIARREM LiciBE L, B CHFtRTFs. RFR 1 BMoFELEZL %
M E LTV,

RNEFFHFYENE LT, WS (WoLter and Skoog, 1966), SSS (STEINHART, STANDIFER and
Skocoa, 1961), Heller(Davip and Davip, 1977), MS (MurasHice and Skooc, 1962), CD
{CampperL and Durzan, 1975) O AL (Table 1 B8 K94 A4 =& LT BA, #—%
v v & LT NAA, IBA, 2, 4-D 28FBBETMA LD ER VK, 20@dI, REFHEH, ¥E
ZEME LT, SEM (Apo-EI-Nil and Miron, 1982), GD (GressHor and Doy, 1972), LM
(VERMA, 1982), SH (ScHENk and HILDEBRANDT, 1972) D% (Table 2 BH) tHBR L7, M
B 2~3%, ERIFDEMERC0.9% & L, M pH 2aERSBEEINICS. 7~5. 9 ICR/BL /-,
100ml @7 5 Az 40 ml O¥EHEE Ad, 25+1°C T 16 KR/ H @ 5000 1x OHNBHEEATERL
Poo VBRI LS I5FLUEOFEZ P2 - FEAV,

2.2 BRLER

FFAEFEREELET S5REERD L, Table 1 IRT L SICHFEZ %R CD oEARHIC 2.25
mg/l (10 M) @ BA & 0.005mg/l (0.027 uM) ® NAA 2 AN TEET 3 &, FIHEHEHEN
2 60% Ll oSSR T, AEESHE LU (Photo ). FIRIBBTR, 705 Iy ETRSEVE 200
mg/l > (#hTh 1370 pM, 1514 pM) 2FMT 2 &, LEFEEERESFE LL 2,

RIEAEFEMESEIREERD I, FHINILAEFE 2, HE Table 2 iKRTXEHERO
BEEMICBEL, BEUENARE LK, BRELALDBTIE, CD OEAEHIc NAA % 0.005 mg/!
0.027uM) BHIL7-bDHHKEEBEL Tk (Photo 2o 2~5mm DRI > RNEFMAInRK
20 mm PAEicfiE L f,

CORLYa-bEh, BEOREFERESETAL, $HbEINE CD OEARHIC,
BA 2.25mg/l, NAAO0.005mg/l, 7% ¥ v 200mg/l &ML 1M BET 2 &, FHI8E
DREFBE L/, SOV a—r KOAREFEELIEIHRIE, AEFHELLY 2 — F>FREHF~>
fElLikya—tOROBVELERAEL LY, BEEEXELRKBICBIROBMBICHELY 2 —
WIEFBRELTEHNC LHHBL . (Table 3o ZOROPRTID LI YA 7 ViZ@BNAHAT
dz Epsny, SFELEORREBHSERETS - 72,

wic, BRLELY2 -t HORIBEEIEEERD I, T4bS lom LlLEIcHE-EEL ZBERR
EMICEBML T, SEtERE LKL (Table 4, CD O IBA 3mg/l (14.8 uM), NAA 0.1
mg/l (0.54 uM) FEMOEHITIZ 67% ORIV TH - 10d, ERFICH VARG EESN, £ UKHE
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Table 1. t/F+DFLEZLSOLEFDOFH
Induction of adventitious buds on juvenile seedlings of C. obtusa
ARk A—%>> Auxi g BREY
Cutle) BA uxin i’ gia%of
asic medila 2l A IBA 2.4-D ercent o
(Year of NAA ’ No. of budding
publication) explants (Av. of buds)
WoLter & Skooa 10 0.27 0 0 18 17(8.0)
(1966)(WS)
S TEINHART et al. 10 0.054 (] 0 20 35(5.0)
(1961)(S)
HELLER 0 0 0.094 0 15 0(0)
(Davip, 1977)
MURASHIGE & 4 0 0 0.045 16 50(2.3)
Skooc (1962) (MS)
1/2MS 1 1 0 0 15 0(0)
(Cheng, 1975)
CampBeLL & DURZAN 10 0.027 0 0 20 60(8.3)
(1875)(CD)
CampseLL & Durzan 10 0.027 0 0 15 66(5.3)
1370uM 7 vd I v &F
with Glutamine
CampBELL & DURZAN
13710uM 7y v & 10 0.027 0 0 15 87(7.9)
154 M T AT E Y &8
with-Glutamine and
Asgparagine
FHakE = FEFHRFELH < 100/ HAFLEILHK
Percent of No. of buds which formed No. of juvenile
budding (#) =adventitious budsX 100, seedlings
Table 2. ¥z — bOHRICHT ZEMOEE
Effects of media on elongation of shoots
HaAutih ALY Ya— D
(OCEREE) ) {8 B
Basic media Addition Shoot
(Year of publication) (uM elongation
WS NAA (1) B
(1966) TEYER 5g /1 Bad
Activated charcoal
1/2MS th3E
(Cueng, 1975) Dead
CawmpeeLL & DUuRzaN NAA (0.027) AKERV
(1975) Very good
CD JNE 3 (1370) B
(1975) Glutamine Good
S cHENK & HILDEBRANDT B
(1972) Good
SH BA (22.22) B
(1972) NAA (0.0054) Bad
172 GressHoF & Doy B
(1972) Bad
LM (VERMA, 1982) Eu
Bad
SEM (Aso E1-Nil, 1982) T
Bad

ShAEOYa2—-+tORE; B]lem. BV :1-2em
Shoot length after Bad<1lecm. Good : 1-2cm
3 months culture , KERV> 2cm

Very good>2cm
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Table 3.

eI NS ESR T Gt

5365 5

FARBEMICGRRE BRI N/ Va2 — M OREFEAH

Number of adventitious buds formed on shoots subcultured on bud induction media

HEAEM amy L TYREHE va-b
CCRREE) v a— 4% Ave. adventitious buds,/shoot
Basic media Addition No. of . .
22 H 3nA%
(Year. Of. (M) shoots 2 months 3 months
publication) after after
CD BA (10)
(1975) NAA (0.027) 10 7.0 18.5
gy v (1370
Glutamine )
CcD BA (10)
(1975) NAA (0.027) 10 4.7 12.5
g 3 v (13870)
Glutamine
7 A5 F v (1510)
Asparagine
Table 4. ¥ a— FHOORIBICHT 2 ORE
Effects of media on root formation from shoots
B AT ik HE FAR # %
(SCHREE) va— bR EE
Basic media Addition No. of Rootin Remarks
(Year of publication) («M) shoots rate (
Hewrer (Davip, 1977)  1IBA (0.094) 15 0
RIM (Apo EI-Nil, IBA (14.8) 21 14.3 H v AT
1982) NAA (0.54) EVWEER
Callus formation
Long black roots
GD IBA (2.46) 21 28.6 # v R JERR
(1972) NAA (0.54) SR
Callus formation
Thin aerial roots
CD IBA (14.8) 15 66.7 5 IV AR
(1975) NAA (0.54) MoSiaE
Callus formation
Thin aerial roots
CD IBA (14.8)
(1975) NAA (0.54) 15 66.7 HAEDER
) ET 5 E (0 66) Several taproots
Riboflavin

REE=RHE Y 2 — PEX100/2Y 2+

Rooting No. of rooted
rate=  shoots* 100,/

No. of total shoots
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BHOWKRIBYPETH 7o VRT7 I % 1mg/l (2.66 M) B UHHLIZEMY 2 &4 v 2TERD B
SZoh, AR ERE L THEL 7, Photo 4 T/RT &I, BOMUiF3»H% 30
em PlEiCE L, COLSRBIBLAEAR, 1 »HOIEORK, »~—F41 FSHIOKEZ 452
LHHRETH »foo B LINHIE L ERIELEL TV (Photo 5)o

VLo#ER» SFAZ LD OBBRLIEL 1o, PIRERICLD, 1X0FEZ L 8hHTHY
834 (BAAZA) OVa—tAEBl, 20OVa—bLy 5HhHTEY18.5 AD 2NN Y 2=t %
B, RBREALHTTIO%, IB{LK 12ASLTAHET2E 1 ADHEZ LY 1HEFT 8.3X18.5x%
0.7=100 A 500) AOHAENGS I EHAHETH - T2,

3 B/ FREARNDOIEGE

3.1 #MEEAmE

HERBIBBMICHEEI N TV 12~13FEDE 7 FRA 2 BAEOELRESAMEE Ui, 198546
Hiz 1 ik (A) OYEAERORIE 3~4em 20 &b, 0% =5 7 —NT545, 3% @B8{LK
FART I HMEGREL K, 7))~y FROAMEETEEL GEEED, #RAL17, [ 10
HicBlofix (B) XoRELLAHEREA Z-Y 0 100 {512 105Y, 1% REEHREF Y 2 212104,
0% x5/ — iz 2457, 5% BRRALKFEKIC 10 41z U 1otk BEKT 2 [l (GREE 2) UHER
Lo 0% 2~3cm MOES UL T, CD OXEAEHIC BA 2. 25 mg/l, NAA0.005 mg/l %
MA b DITERKL 72,

3.2 % R

BE1HER MELYa—1t% CD ofic NAA %2 0.005mg/l SL6OIHEL, 5123
PHBEICHEARRNT,

va— OB CD OEAEMIC, NAAO1mg/l, YF¥7 5Ky Img/l 256012 IBA
% 0.3~10mg/l BMUZRHICBEL TiTo7e BBLAEYa—bE - 3F2 51 FOSKICHMEL
= — %L TIEbE €1,

b/ FRAD IR L EEOXEREESET 2 &, BERSREL 1 TR 36% TH -0l
BEE2TR63% Thh, BREE2OABEBL TV,

PHRE RS S 3HH CEIHAME, ArHEICER Y 2 — M EHBILAETA, Table s TR
T &, HFER XD OHNKER OB TIFRER » 7o CD B AICE W Td LP Bk A
WHEOVI AR 7,

Wi, SEOY A PAA=VDREY 2 — MERICHT 2HROBVEFH NI LTS, Table 6 TR
FTEHI, Ya—bERERTIE BA EETF UL, 1EEYLD B Ya -V TRET
FUBARKTELEL -1, A A EB ETOYa— HEREOEVIRSALD -1,

Ya— b oORFIZOWTHENKE A, Table T TR & D CliEESEHET, HEA I3
Atk 28% ORBEER L7 (Photo 6) 7%, fff B T3 8% LHRIRLWHh -7, IBA BEEEL
TET, 2ORMEAOHEL QWEAKESY 2 — b THNRLEIA, 2HHERTRIBA £ 1~3mg/l &
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Table 5. &/ FERORPEEBETOVREROBOBEONG V2~ P RICRETHE
Effects of initial media on induced shoots number after long term culture of
leaf of C. obtusa

23 i RLE gt et Boni: va— M
#EX ) Va— M SER
Media Hormone No. of No. of No. of No. of
(mg/ 1) leaves surviving induced shoots
leaves (%) shoots /leaf
CDh BAP 2.25
NAA 0.005 40 24 (60) 338 14.1
LP BAP 0.5
NAA 0.005 50 33 (66) 87 2.6
IBA 1

bEEdicioh ARLAH, NAA 0.005 mg/l 28T CD BEHMTIMLALR
After culturing on the above mentioned media for 12 months, subcultured on the CD medium
containing 0.005 mg ! of NAA for 9 months

Table 6. bt/ FEZDEMEETOZEDOY S M4 = VHAREY 2 — MERICRITTHE

Effects of plant growth regulators to the adventitious shoot formation

44 b BE #y EERE 4F va— bER FiER 18541
AL = BERY BERE BRM 25 Ltcva~M O#Fva-—-+

S8

Cytoki- Concent- No. of No. of No. of No. of shoot No.of newly No. of
nins ration  leaves sterilized surviving forming formed newly

{mg /1) leaves leaves leaves (%) shoots formed

shoot,”leaf

BA 5 50 12 4 4(100) 63 16
AAXF 1 50 22 16 2(13) 21 11
¥TF v 1 50 20 15 15(100) 311 21

NAA 0.005mg. /! & LEDY A 4= %28 CD HIT 19 AR LHE, NAA0.005 mg I 22T
CD iz 7 b At

After culturing on CD media containing above mentioned cytokinines and 0.005 mg./! of NAA for
19 months then subcultured on the CD medium containing 0.005 mg ! of NAA for 7 months

Table 7. E/ FBEELSOREY 2 — b & DRIBK
Rooting from adventitious shoot of adult leaf of C. obtusa

£ B v — M R 2 — b (H)
Experiments No. of shoots Rooting shoots (%)
1A% 2 A% 3pR%
1 month 2 months 3 months
after
A 76 8(11) 19(25) 21(28)
B 61 0( 0) 5( 8) 5( 8)

3mg/ ! IBA 474 CD &t
CD medium containing 3 mg.”! of IBA
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B LIS TRBERNED - 2 (Table 8),

3.3 % ®

b/ FEAROBRERERET 3y oORBOBEERE CRUL -2, 20hTS, #HENHEED 30
~40% ZHELEE T L SHESED S H, BARZHBEZEOMICHOBAIREIEY ZHEA
D—DTHbB, BAEMIz>WTHEH, H+ 5y eOREETHOSAK CD BHTHYERREET
E57:0T, FEADODYa— F EEEDLSD v a— F REBBESERET 3 LPHEINS, &
hETe/ FRATHRL 2 SBOREAEMO TS A + BE%S Table 9 ITR L%, WS Bz N,
P, K EXDBENK KL, LP EMdH S, CD BHPETH LI LG, E, TOTER
5, SEHRCHL TR, HENEBEOEMSY 2 - rOBBCELTVWE I LBERS L, Tofh
DA F I DVTIHR, FEMIEA#EN > LP Sfo Cl BESED TEVEAE, -39 LR
BROAKP ot ¥4 P AL =2VIZDO0TI, ¥7F VBTV, BA N2 EEHTH S

Table 8. E/ FEEILLOREY 2 — b LVORBRICKT S IBA BEORLE
Effects of IBA concentration on rooting of adventitious shoot from
leaf of adult C. obtusa

IBA mg/! #Hao o — M RBYa— (B
No. of shoots Rooting shoots(%)
2Bk 3pA%
2 months 3 months
after
0.3 31 3(10) 3(10)
1 31 7(23) 9(29)
3 31 5(16) 8(26)
10 31 4(13) 4(13)

HEv 2 - PORNREIBMERE bBEABRY 2~ 16 KEBABERY - F 15 XDOBE
Applied shoots consist 16 from A and 15 from B.
CD ## CD medium

Table 9. REIEHOTHNA X VBE

Balance sheets of ions of media (mmol)

fA v cD LP ws
NOs 13.37 32.98 2.31
NH, 10.00 5 0.63
Total N 23,37 37.98 2.94
P 1.25 1.99 0.15
K 5.49 19.81 3.57
Ca 415 5.08 1.80
Mg 1.50 1.46 3.10
a1 0.87 0.0014 1.88
Fe 0.10 0.108 0.01
s 171 1.61 6.15

Na 0.20 0.22 6.13
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DT, EFHER BAZHOVEELLH A9, BRAHKRDO Y = — + DFEIBRILI E~28% T, FHEA»D
DY a—rOBED 0% EHELTEL, AMEFORBEDEZICLZ D EEbN,

4 07 YDREREER -8

4.1 HHEEAE

BAEMAEREE EWAE"E LY 7 —, KFEH) 07 o<y EREREEFEORRE T2 KA TEL
Hip L, —BRBEKICBEL . XEREILT0% =5/ — T35, Kic 10% B8{tkFEK T 5~10
M-tk BEKT2EEERL BEF ARy P THBHEEZBROH L, SEEREH Fic
IKEICHE L, BEEEED, B5&icid CD (CameBeELL and DurzaN, 1975), GD (GRESSHOFF
and Doy, 1972), LP (Ammken-CHRISTIE and THORPE, 1984), 1/2M S (MURASHIGE and SK0O0G,
1962), RIM (Ao EI-Nil and WinrtoN, 1982), SBK (SoMMER, et al., 1975), SEM (Aeo EI-Nil
and Winron, 1982), SH (ScueENnk and HiLpeeranDT, 1972), W (WHiTE, 1943), WS (WOLTER
and Skooa, 1966) 3 EOBEAEHAE AV, MYRERHYEL LT BA & NAA 240 E TR
MU 7o 16 mmx 185 mm ORBRE ICHEMAE 10~15ml FoaEL, DL s 144 TI5ELE
DB EHE L 7, BB, 25°Cx17C, 16RMHE, SERBEMNS50001x @b & TIT- 7,
B RS BIERE W AEF R, REHRASHCBELY 1 A OB THAM W, va-
POMEHOERICE 100m! BEO=M7 5 R 3%\,

£ lem DlE@U v 2 — M3, FEREBMICHEABOL, BRLILYa - bR 31Fa251 L
=S54 PEBALSKCH UL ST,

4.2 BRLEE

421 HoFEY

BRARORYOKNE & 13H 5mm THBE2EL TV, FIREBCBVT, 18MHE% BA 350F
FEEH ETHRAIEARL, FEEREHSREICS D YMEESEBAE L 7o, #3A0M%, FELHOXRA
& DOLEFBER SN, TEOHDIC, £L0ED 7 (Photo 7), FICHEMIEEL TV BH
DB RZI O, REETRAA R, Table 10 Dk 5 BA3mg/l ® WS BHliAsg#
Wi SAEFEFET BOEL TV

iz BA BE% 3mg/l IC—EI LT, EASMEER LBEOERE Fig. 1 WRlLik, T
HYMUEEICIE WS B EL TVa T &SIz - fe,

iz, WS HAREMIC>WT BA & NAA 24 OEEICHA SO E TOHRBEE TOMOHIER
DAL RIS Fig. 21873 L. T0L5iC BA 45 10mg/l T, NAA #80.1~0.3mg/l @
SBEOHASDE T, BOEFRBELS, A VAEREBA & -1, Fig. 3R T L5, F
HAEHEKIE, 3mg/l © BA 720% WSHHHCHRML c & EHBRATH - 72,

4.2.2 BHMREBICEIZ V- FOEFREY -
FEFBELLbOEH1 A AR, BIEHATSEHOKBITHICHHEL 1o, FHERNE NAA %
MAEHERE v 2 — A 2L ABRIEANN, Table 11 TRT &I, RS TEHIEHRERNL
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Table 10. 7 o= YERBES, S OREFRAICH § 55O DR
Influence of different media on adventitious bud formation from mature embryos
of P. thunbergii

AEHF P 7.3 BA T AEH —2D HER

EUH Bt BE A% b0 2% 32Y0)

s ‘ FEREFM Surviving

Media for  Basic Concen-  No. of No. of Ave. no. of rate(%®)

adventitious media  tration embryos adventitious adventitious

buds (mg/{) buds(%) buds per embryo
BI1 CDh 2.25 19 0(0) 0 1(5)
Biz2 GD 10 60 0(0) 0 19(32)
Bi3 LP 3 15 7(47) 4.1 9(60)
Bi4 LP 0.3 15 4(27) 2.0 8(53)
BI5 1/2MS 2 40 0(0) 0 14(35)
Bi6 SH 5 40 3(8) 6.3 3(8)
BI7 SH 0.5 40 9(23) 1.6 9(23)
BI8 w 5 38 2(5) — 19(50)
BI9 WS 3 15 10(67) 6.2 13(87)
BI 10 WS 0.5 15 T(47) 2.9 12(80)

—. no count;CD, CAMPBELL and DURZAN : GD, GRESSHOFF and Doy : LP, Le POIVRE : MS,
MURASHIGE and SKOOG : SH, SCHENK and HILDEBRANDT .| W, WHITE | WS, WOLTER and S KOOG :
BA, Nf-benzyladenine.

79
]
Ee'r
3 54
&0
& £
g 3
H'g)ozl
g
ﬂﬂﬂ
0 ﬂl_l._
W H M 1 D S8 L 8
S G / C B P H
S 2 R K
L
P
EAim

Basic media

Fig. 1. 7 o= VB8, SO FEEREFHICHT 2 EAEOEVORE
Influence of different basic media on adventitious bud formation
from mature embryos of P. thunbergii
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BB OTIFRTISTEaRE % 365 5

” : 0.1BA
100 - &) 0.3
e4 1.0
% B
o 801
2 § mg.1
& w70 § o -
EF 01 N \ \
#HE 501N \ X
5 1IN N N
a 404 | NN | N N
{| Nl | R N N
309 NAE | N N N
| | N [N | NAR (N |
» $’-§- % s % s WS Kb
°1 sgg s / % S s WS medium
0 0.01 0.03 0.1 0.3mg."1
NAA

Fig. 2. BA & NAA oRLZHaAbED WS BHITO 7 n= vE#KD
1hAkoLER

Survival rate of mature embryos of P. thunbergii cultured on WS

medium with different concentrations of BA and NAA for one month

E 0.1
@ N 0.3
3 a 2 1.0
o 6 =3 3.0
2 10
ﬁi 5 g mg/l
#% B =
e '1 B
§ 5 3 £ = WS Kt
H__E = 7 ES WS medium
75 5 = 3% =
2 = N/ =
= P N/ 4=
E'RENZE BINZE
8 14 B | Nl | NE =
3 : BIN7= BNZE s
¢ o LI | N | N | § £
< 0 001 003 01 0.3 mg. /1
NAA

Fig. 3. BA & NAA OERZHASDLED WS BlitiTo s o< v BRD
1 BB O REFH

Average number of multiple buds on mature embryos of P.

thunbergi cultured on WS medium with different concentrations of

BA and NAA for one month
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o LP HEMiAENTE Y, EREERLEED, Ya— OBAEBALL, THIRD Y 2 — FMiE
KT AIEOFIRICDWTIE, DaviD et al. (1978) % KiM et al. (1982) #* Pinus pinaster ¥ P.
rigida P, taeda F; CBEVWTHED TV EZOT, < v BOMBERICEBELAHBREMEBES NI, <
YRH OB & 2 MCEENBOEKAEDHILDIEHENEZ 5N %, Table 11 THAA IEHITIE
AR E L TRBLICHET 2 bodR o N, THIRFFZ, REFMWNSVEDIZH>0WTE LD -1,
Bl o R4+ 2 [ AREBHBTIT-> 283213 Table 12 IRt & 9T, AEREHREMD 1/2LP
K7y v EIEHRERNLESOEE O DCR (Guputa and Durzan, 1985) Biiio Hbhs
Bhot, Linl, RICRFLTORLM Y 2 — b OBETH, 7EEREMN 1/2LP B0 FHBIT
Wiz,

B0 9 MEREZEOHEBROKE VY 2 — F 2O EBRTH, Table 13 107 ¢ & 5 /BRI
Mo 1/2LP BEHASE OB -, COBSLOEMTS Y 2 — M3 100% £H L o
WICTEMRER O 1/2LP B BV THEEBREOENZEOMEILS A ZYBEH L 5,
Table 14 /R T L 512, 2% OBEMNELHEP - 12,

PDEABRAETELE, va— b OMRICITERRES 2% OFBRED 1/21LP Efirkd L0, ¥
oMK TOEEICEL IS S ICREPLETH 5,

4.2.3 ¥ a-— OFHEE

va- MAERICEIAONT, VIREET BA2 25mg/l 87 1/210P BT 22 AEEL, X5,

Table 11. 7 o= YREHED» LD Y 2 — MITHT 5 R B IEMORE
Influence of different media on shoot elongation of mature embryos of P. thunbergii

Va— MR HA Wy AEF R £Uva—t L
FsgHh B DB FEK (%) FEOH
D [€: 21\
Media Basic Concen- No. of Survi- T 5%)
for media tration embryos ving
shoot of inducing embryos Total no.
elongation addition adventi- (%) of shoots
(mg./ 1) tious and buds
buds (% to
embryos)
S1 LP AC(10000) 36 26(72) 90(250)
S2 LP NAA(0.01) 35 20(56) 59(169)
S3 1./2MS AC(5000) 30 4(13) 13(43)
S4 SEM AC(10000) 27 20(74) 56(207)
S5 SH 22 0(0) 0
Sé SH AC(8000) 12 3(25) -
S7 WS NAA(0.186) 19 12(63) 7(37)
S8 WS NAA(D.186) 40 19(48) 43(108)
AC(3000)

—» no count : LP, Le POIVRE : MS, MURASHIGE and S K00G : SEM, shoot elongation medium of ABo EL-
Nil : SH, SCHENK and HILDEBRANDT : WS, WOLTER and S K00G : AC, activated charcoal : NAA, a-na-
phthaleneacstic acid.
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Table 12. MAEBRICBI I2REFEEROEFICNT 2O EE
Influence of media on survival of embryos with induced
multiple buds during subculture

B whn SR =AY
Media Addition No. of No. of surviving
embryos embryos (%)
1./2LP 38 26(68)
1/2DCR 24 22(92)
1/2DCR Glutamine 100 mg./! 22 22(100)

T 5/ OFEMRESE

All media contain 5g/! of activated charcoal

Table 13. JEEMOD > 2 — MaRiCHT 3% (EHEK 52/ M

Influence of media on shoot elongation (Addition of 5g./ of activated charcoal)

b33 i fal . -+ HORS HEDEX gl
g ts.d. FEigts.d.

Media No. of shoots Initial shoot Shoot length Rate of
length (mm) after 30 days(mm)  elongation
ave. £s.d. ave. ts.d.

1/2WS 47 23.1+9.7 28.0+9.8 1.21

1/2DCR 47 24.4%+12.4 29.0x14.7 1.19

1/2GD 47 25.0+15.0 28.2+14.4 1.13

1/2LP 42 24.5x14.7 32.0x18.6 1.31

Table 14. FEEEEOD Y - MEEICK T IHE (55 TEHIRET 172 LP Zi#)
Influence of concentration of sucrose on shoot elongation(1,72 LP medium containing
5 g/l of activated charcoal)

-4 #HA - ¥ BHORS NHHDOEX R
g +s.d. g s d.

Sucrose No. of shoots Initial shoot Shoot length Rate of
length (mm) after 30 days(mm) elongation
ave. Ts.d. ave. Xs.d.

2% 19 9.8+£5.0 156.5%6.6 ' 1.58
3% 23 11.8*+5.7 15.5%5.0 1.32
4% 23 10.9%3.9 14.4%£3.9 1.32

BBEI9RH»5 13788, 1MMEE»5 200AHEco2EZhEH BA %2 0.225mg/l, 2.25
mg/lNA 7 1/2LP BHTHEBELL (A A4V V2B EFRT B), 4 70— ViZ20WTO
FERE Fig. 4 WR L7, $EEB0B T, va— FEMHENL, ¥HI~13.5F5M (FEKR31 ¥a—
I v AR A8

T, ~EEEsNHAKOERS, BA % 2.25mg/LIRML 1/2LP EMiciE#T 5L, Fik
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KHEMNFEB SN (Photo 8); O XHUEBEAOER»SOFOFEIC LS Y2~ OHBEED
ARt AR S Rt

4.2.4 RIBHRR

&Y 2a— b ORERIL Y 2 — MEERFADIEHIRA Y 1/2LP ¥ 1 » H & 2 IcfRUISE 25,
2em PEDORSIEB -1 b D%, Br ORBEHMICHAM VL, Table 15 /8T & 51, IBA
3mg/l & NAAO. 1mg/l 8¢ RIM #, IBA % 2mg/l &€ SBK O EHMIT 20% M ORIBE
nB/ o,

425 RBicBiFB270— vRE
Bohtvya—rE2M0T, RIM B2 E402 IBA OBEA T A TRIBR~OEELF~N L
5, Ry o~ v LIz IBA OHBIZEVH S BEEHSE SN (Table 16),

2 o— % Clone name
— - —4 HiB1 Hakonel
)
* G—---—0 71 Kanil
20 o - - Fi#i8 Kataura8
° *——————x A 1 Matsudo 1
E‘
£ BN BASERH (IS ERUEEA)
> BA containing medium (initial and propagation)
‘é
<
(/]
‘s
£
2 10 -
E
=]
Z
[l
NN ZIERE LI - RS
No pulse treatment
0 ¥
250 (H)
days

¥ #&# B R

Days of culture

Fig. 4. BA /A ZAEMS Y 2 — + OIS 28R
Effect of BA pulse treatment on propagation of shoots
%20~ VHEIC 2-16 BERW:.

2-16 embryos were used for each clone.

172 LP £#1 1,72 LP medium
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Table 15. ¥ a— 2 SORBIHT 21EHOBODOEE

Influence of different media on rooting from shoots

iR ®ZAE A ik HE FHH
KeHh it DEE Ya—Fh Ya— b kv —+
E5'¢ (%) e 5 %)
Rooting Basic Concent- No. of No. of No. of
media media ration shoots surviving rooting
of addition shoots shoots
(mg /1) (%) (% based on
shoots no.)
R1 GD NAA(0.5) 10 0¢0) 0(0)
R2 LP IBA(2) 59 45(76) 1(2)
NAA(.5)
R3 RIM IBA(3) 19 19(100) 4(21)
NAA(0.1)
R4 RIM IBA(0.5) 13 13(100) 2(15)
NAA(0.1)
RS SBK 1BA(2) 16 16(100) 4(25)
R6 WS AC(3000) 70 28(40) 2(3)

GD, GRESSHOFF and DoY : LP, Le POIVRE | RIM, root induction medium of Ao EI-Nil; SBK,
SOMMER, BROWN and KORMANIK ; WS, WOLTER and SKOOG ; NAA, ¢ —naphthaleneacstic acid ;
IBA, 3-indole butyric acid ; AC, activated Charcoal

Table 16. &7 o~ v CEDRIBICXNT 5 IBA OBEOEE

Clonal difference of rooting of shoot

HFEso- g 1IBA A% FBEK (%)
Clone (mg/ 1) No. of shoots No. of rooting
shoots (%)
0 3 0(C®
R 8 Kataura 0.2 3 0Cw®
1 3 1 (33
) 3 0CO
0 8 0CO
FAF 1 Matsudo 0.2 8 13a3)
1 8 0Cw®
5 8 4 (50)
0 7 0CO
R 1 Hakone 0.2 7 1 (14)
1 7 1 4
5 7 0 (14
0 18 1(86)
o8 1 Kani 0.2 18 0w
1 18 0Cm
5 18 3Aan
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BRLFBRIVEBVEEDN IBASmg/l & NAA L O#lAAHETIE, Table 17 IR &3,

NAA BHh A - THEMIEHT 5 L EMH B EEF - 2D LIZBERIBZ>Hh DI - fo,

4.2.6 SEFERBEOHEOMR
HMEBONEYA P HA = ORBETEMOL —F > VORBEAAED STV A OEERS S - 120D
T, T¥F4%4 F#4 =2 (2chloro, 4-cyclohexyl-amino 6-diamino-s-triazine) %#ML T,
T DR EA (Table 18)s KR T LD CHREHBICBEDONE DL -1 A—F ¥ v EHAT
&, Yo OORAMEMEL, BORBBREENREZRLIcLsF >y (UEA- T &M aFy 79y
Mitobo) (ORI R, 1987 PHOMBETAEROFRCHRSLSH L &0 ERFEHE
(Agrobacterium rhizogenes) WM¥E%1T > THI, L L, #HhoOFRIE, Table 19 U201
AT LI, &HITRIMEEOH RS LD - 12,
4.2.7 Ry 2 — b oNEL
BB L a—MPRIER =54 b =3 F 250 (1:D) &KEZLL, #1011 hAME=—
VR EDZED LI LIS BT LA TEL (Photo 9o ELE 1EHD 7 veyidd~NTH

#L Twi (Photo 10),

Table 17. B/ o—yT,Dva— FOFEBICHT S NAA BEORE

(IBA 5mg/{ &% RIM)
Clonal difference of rooting with NAA

BE/o—-vE NAA ER W FIRAH (%)
Clone (mg. /1) No. of shoots No. of rooting
shoots (%)
0 1 Q)]
Fi# 8 Kataura 0.01 1 0O
0.1 1 0Cw®
0 7 3 (43
¥F 1 Matsudo 0.01 10 2 (20
0.1 12 1 (8
0 9 5 (56)
#i#8 1 Hakone 0.01 7 2 (29)
0.1 7 0Co®
0 15 3 (20
a2 1 Kani 0.01 15 1(7D
0.1 13 1(8
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Table 18. ¥ a— FDRBIHT BT v FH4 b4 = Y OKE
Effect of anticytokinin on the rooting of shoot
TYFHA ALY B A ZBAE (%)
Anticytokinin Medium No. of shoots No. of rooting
(mg/ 1) shoots (%)
0 A 20 1 (5)
B 20 2 M
0.1 A 20 0C0)
B 20 3 (15)
1 A 20 2 Q0
B 20 2 (10
5 A 20 1 (5)
B 20 2 (10
A ; RIM ## (IBA5mg/ /D, B;1/2SBK i (IBAS mg,/ 1)

RIM medium (IBAS5mg/D) 1/2SBK medium (IBA 5 mg, ),

Table 19. Agrobacterium rhizogenes D%

Effects of Agrobacterium rhizogenes
i PEAERRK EEH(3,AK IR
Media No. of No. of surviving No. of

shoots shoots (3 months rooting
after) shoots

0.5LP 7 5 0
MS 6 0 0
0.5LP 4 3 0

(X4# Control)

Table 20. V7 F YD¥a— thoOHEBICKT 5 ER

Effect of lectin on rooting from shoot

bl IR (5 E W EfFva-—tH  BEYa2-L
Treatment Time of No. of No. of No. of
treatment shoots surviving rooting

(min) shoots shoots

E{oF 7/ Extracts of 1 8 6 0

5 Hiiro chawan

ik 1% take

IBA 100 mg/!

NAA 100 mg! 30 10 5 1

UEA 1ppm 1 10 6 0

IBA 100 mg/!
NAA 100 mg/! 30 7 4 1
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4.3 £ &

BIZACERARZIEHEAGHOE LS 2 Favikiilto s o<y OMEEHIIC, 7 o< vik#k
EHOWIHBEEORGIC S VWTHREL o, FIREEIC, BA £ 3mg/l BUNL 2 WS Etre v
EHROREF 2SI, FEFOMEICIREHRE 5~10g/l ML 7 1/2 BE 0 LP 5 CREHd
BEHEM MELTWi, COMRRBEMTIAH TLIRRERLET 280 T BA % 2. 25mg/!
MU TIE RS 22 &, TRbEY A A4 = VoL EEZMA 5 2 L4, WHEREBASE
BORYED - 1,

AEFHEHBEHT 2em BEICE TH /ey a— % IBA % 1~5mg/l ML RIM Bt
RS HLE, 7o— vEPEMBOF S EMKEV KR, BIERD 0~56% OHETRENICZIK
ot

IDEIBHET, v o=y OEHEET - 258, Bofits» S>ait 19 BROEET—>OKRLY
W12 ED Y 2 — P HBONK, ZORBULRGTE 4GEMTHEEDRIBT 20T, HEET6
DX B ENTES, JOBERIERE L TEL O TAEREESEO SR OMHEE DR
BEENhE, AEF Y 2 - b O LAFERI, invitro TOBHBERKORKIC LB LAIEE
o o—rofptHFMETE L LA,

5 J07YRARNMSDHEKE

5.1 #REHE

ERICHVWIH AR, BIRMAERES GHRAEEL Y 7 —, KPF) cBL T 198 FoFioF T
FEHL, 92FE0RECHFA v Fav0EBRERT-TEER-7 o2y %, 1983 £HICEHT
ERRE REMRRAETER, ) BBICEML TERL k. 1986 ERICOLEDETVEEL
I~2cm o R X0 (LA ZAMKE L, 1987 i bEIBOH L TER 2 /8 L Ak &
Ut AMEEEYID L - ZORIRIR, ThEh6 THEETH -1,

1986 FE (L EREX L 7o A ik % Table 21 iR L 5 BEORE Sk cREBREE, HEKkT 43S
LT, &AM G .

1987 FRBM L A AMEOERAKEKTHE-12b L, 0.1% Eb~r+ra = skiEwT 30 5
HEpEAH L Ric, 0% 5 7 — AT 3 5MIRE Lok 5% BRELAEKT 20 FRREL, 7 )
— YNy FHORBBEEOAB LI HEL T, BiEsHr,

EERREZRIEVAR 16mm £S5 180mm OXBREEHV, £ETSIK20T 200ml, 300ml &
BOBE7SAIEEMAL A, HBERIESERENNEET 0.9% OFEXEHEH L, 3000~5 000 1x,
16 B B O SEBRIAT, 25T OEBEETIT » 2o IREE TOMBAMEEKINEL: D 204
k&Lt

BEEICHVEAEMI DCR (Gupra and Durzan, 1985), GD (GressHorr and Doy, 1972),
LP (Horcan, 1987), RIM (Aso EI-Nil and Miuton, 1982), SBK (SoMMER et al, 1975), SH

(ScuENk and HiLDEBRANDT, 1972), SSS (STEINHART et al. 1961), WS (WorLTER and Skoog,



—150 — AR AP ERSE 3655

1966) & L T= v O EORA MBI E SO T LB O M ©5 2 (Table 22), 1/2LP &
& LP BHIoFRELA O <~ TORABIES £ ¥ 2ic LidDTHD, 1/2GD, 1/2DCR, 1/2WS
EZLREBTH B, 72, SHEMIE myo4{/ v —LO#IE% 100 mg/l &L, 19864EikE sy 3 v &
BUNOBEERESIC L bRV,

5.2 ® R

5.2.1 FMUEBIC BT 2REEOEVOYHE (1986 H4})

SH, LP, DCR #&iZ#iz, BA (0, 0.225, 2.25mg/l) &, NAA (0.186, 1.86mg/l) 5%
w78 Table 21 OREHE 1~3 AW b D%, BA (0.711, 2.25, 7.11mg/l) & NAA (0,
0.186 mg/l) 2 & H A EHICREE4, SEHVALLOEZATHHEAMNT T, VIRBECBIIH
HRAPEZIC DVWTHNHERIE Table 21 IRTLEDTH B, U, TITHVL=Z>DEA
Hz, BREERCHOCTEBGFICHV, BEE4, S TR2HAROEERNS, - b, HER
AbEREH -1, &1, MALARCERESEELEY 56055 5 2 EMENS b 5B & S ICREH
ERETILENS D, BB L LP ks 0ERICEL TH 5T, SH © DCR EHiAHE

Table 21. BREZOBVKLIBHABARUEEDE

Difference of degree of contamination and chemical damage with different sterilization

B BAMIHE  #ERFE 22108 1pHA®%O 1»pBED 20A%O
Methods Date of No. of HO¥EEA FEER, HEEAN A
of initiation  explants & (%) EH (%)
sterili~ of culture No. of conta- No. of No. of No. of
zation mination tubes dead surviving surviving
after 1 month  explants explants explants
(%) after after after
1 month 1 month 2 months
1 TH14H 75 7T(D 48 (64) 20 (27) 9 (12)
14 July
2 7TH14H 75 22 (29) 28 (87 25 (33) 3 (4
14 July
3 7TH14H 150 50 (33) 63 (42) 37 (25) 18 (12)
14 July
3 TH16H 150 59 (39) 52 (35) 39 (26) 17 (1D
16 July
4 7THz248 180 81 (45) — ¥ 99 (55) 43 (24)
24 July
5 7TH25Hd 180 82 (46) - 98 (54) 42 (23)
25 July

*1.70% T4/ —n 145, 0.1%8/0B KEH 15 5y, 5% BRRILKEK 15 5
70% Ethanol 1min. 0.1% Mercuric chloride 15 min. 5% Hydrogen peroxide 15 min.
2.70% £ 2/ —n 15 0.1% BB KEHK 155, 1% BRRILKRK 155
70% Ethanol 1 min. 0.1% Mercuric chloride 15 min. 1% Hydrogen peroxide 15 min.
3.70% =2/ —n15, 0.1% BB KEK 104, 1¥REERRF V74105
70% Ethanol 1 min. 0.1% Maercuric chloride 10 min. 1% Sodium hypochloride 10 min.
4.70% =2/ —308.0.1% BB KRR 1045, 1% KEERRS 74100
70% Ethanol 30s. 0.1 % Mercuric chloride 10 min. 1% Sodium hypochloride 10 min.
5.70% x4/ —108,0.1% BB _KBK 104, 1% KRMERRF ) 94105
70% Ethanol 10s.  0.1% Mercuric chloride 10 min. 1% Sodium hypochloride 10 min.
** 3849 No counting.
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Table 22. DK
Composition of media (mg /)

DCR GD LP RIM SBK SH SSS WS M CD
(NH 42504 200 200
NH4NO3 400 400 50 400 800
NH,H,PO, 300
NaH;PO4+H,0 90 138 90 45

(2H,0)
Naz:HPO, 30 30
KH:PO, 170 270 125 110 170
KNO3 340 1000 1 800 187.5 1000 2500 125 170 152 340
KCl1 300 300 140 65
MgSO47TH.O 370 250 360 200 250 400 125 1564 121 370
Na2S50, 425
Ca(NO»24H20 556 1200 152 500 611 90 980
(no water)

CaCly*2H,0 96 150 150 200
H,S04(66%) ~0.0005
TiO2 0.2
MnSO44H,0 22.3 10 1 5 10 10 1 14 22.3 16.9

(H,0) (H:0) (H;0) (H,0) (H:0) (4H:0- (H,0) (H;0)

6H:0)
HsBOs 6.2 3 6.2 5 3 5 0.025 3.2 6.2 6.2
ZnSO4+TH, 0 8.6 3 8.6 0.5 3 1 0.05 5.7 8.6 8.6
(H,O) (no water)
Kl 0.83 0.75 0.08 1 0.75 1 0.25 1.6 0.83 0.83
CuSO45H20 0.25 0.25 0.025 HO.I 0.25 0.2 0.25 0.025
2
NazMo0O42H20  0.25 0.25 0.25 0.1 0.25 0.1 0.25 0.25
CoClz6H,0 0.026 0.25 0.025 0.1 0.25 0.1 0.025 0.025 0.025
NiCl, 0.025 0.025 0.025
(6H20)

FeSO4TH, O 27.8 27.8 30 27.8 27.8 15 27.8 27.8
Na:EDTA 37.3 37.3 40 37.3 37.3 20 37.3 37.3
Fez (804) 3 25
Na-Fe-EDTA 5.5
myo-Inositol 200 10 1000 100 10 l(?88) 100 10 200 100
Thiamine-HC] 1 1 0.4 5 1 5 0.2 1 0.4
Nicotinic acid 0.5 0.1 0.5 0.1 5 0.5
Pyridoxine-HC] 0.5 0.1 0.5 0.1 0.5 0.1 0.5
Glycine 2 0.4 2
IL-Glutamine 100
Choline chloride 0.5
L-Cystein- HCI 10
Arginine 400
Sucrose 30000 20000 30000 15000 20 000 30 000 20 000 20000 30000 20000
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LTV, BA 2 7. 11mg/l T NAA #5074 0.186 mg/l D& %, ¥4 o 4 TFRAMAL—EH L
ZERT B DD - e,

5.2.2 PIREBICET EAEMOEROEFICRIETEE (1987 445)

BA 221 Th 3mg/l SUSEEAEMICERE AT, BoBROEERET < (Table
23). HMEESESPEVOTHER I L RVARWVA, WS, M, DCR, 1/2LP, SH O&EHA ¥R
BEEICHEL, SBK BEHibAHEC LafiRans,

5.2.3 ¥IRKEEBTO BA OBEOEE~NOEE

DCR EAZHIC BA BES 4 BRICEL BN TRBOAEFRLILE L, Table 24 IZRT &5
2 BA & h VWS, BEMAERGHETHANS Y, BA 2 8mg/l DL, HERMELEN

2 f:o

Table 23. EAEHMOEROLRICKITTHE

Effect of basic media on survival of brachyblasts

AR # A 12H%O 12A%D

MmO EHEFE (%)
Basic No. of No. of clean No. of survi-
media brachy- brachybrasts  ving brachy-

brasts after 1 month brasts
after 1 month(%)

WS 20 1 1 (100)
M 20 7 6 ( 86)
DCR 20 3 2 (67
LP 20 3 1 (33
172LP 20 6 5 ( 83)
SH 20 3 2 (67
888 20 5 2 (40
SEBK 20 6 0(C 0

BA 3 mg 1 &%
containing BA 3 mg 1

Table 24. ¥UEETO BA BEOEHSRE~DOZE

Effect of BA concentration on the survival of brachyblasts in the initial culture

BA BE HAEEH 1mpA#%D 1 pA%D
Concentration No. of BEEHEK EHEH (%)
(mg./ 1) brachyblasts  No. of viral free No. of surviving
brachyblasts after brachyblasts after
1 month culture 1 month culture(%)
0 13 8 5 ( 63)
0.4 13 9 8 ( 89)
4 12 9 7 (178
8 12 7 7 (100D
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5.2.4 #MUEBRTO BA Ik BEEH S OREFEK

wic, AEFFUOKBREIT-7, BA2.25mg/l 25T 1/2LP ##id, 0.5% ofbEtR%ES
C1/2LP B TR HICHRIEBEPOEHFMAMVT, FILCAEFMNET I EIDEH N
(Table 25), RIKRT LI REG 1A, BKIKONEFN 1 ORIV EL T, Th%0.5% D
TEHRAET 1/2LP BHMTRERET S E 22— MIB o7z (Photo 11, 12), THi, AN S OER
KBV TSH BA iRINITHEMAETH LI LETRL TV S,

525 BAEBTOREEHOY 2 ~ PVEFOR

Photo 12 i 1 Bl Z/RTERICE B ¥ 2 ~ b DEFREFH N, SREETO Y2 — % 0.5% O
NEMRASURBIMICERE LT, £HEFRLEY 2~ OMEREFE N/ (Table 26), ¥ a— rDE
BERTIR, 1/2GD BB TV, va— bOMERRZ 2 HROEVHRBTOBHEOA LHHEN
Wi otcDTIR-ZD LAWK 1/2LP BHITO Y 2 — b OEFEMREE » T, 3hOEHITHIE -
EolLiERRONLE Mo,

5.2.6 MAREBETOMBEREDY 2 — HMRNOEE ,

HROOBHTO Y 2 — F OFRICH>VLTHEEOEELH N/, 1/2 LP S FIEHK%E 0.5%
AN IEic B O CHEBEBE S SBEICED, Ya— tOMBIWET 2EAH A~ ET A Table 27 ©
ko, BEHEEESI% OLENELHBRELAY, 5% Ot RETRVMEICEEEN L, - 7, HHE
WREEN 4% T, 2HAREELL OV D, REEOEEMSHERS W,

Table 25. RMRBEICET 5 BA SHBHMTHEBESI NS REFH

Number of induced adventitious buds on subculture

2LHoD 1 »H#%0 FEFH RUHD 1 »A%D HERER
va—b¥ EEREE (I3 .2)) Ya—FDEX Ya2—PFDEZX Ratio of
No. of No. of No. of Initial length  Shoot length shoot
initial surviving adventitious of shoots after 1 month elongation
shoots shoots after  buds (mm *SD) culture
one month range(average) (mm *SD)
25 16 (64) 0-4 (1.1 15.8+8.8 19.1%9.1 1.2

172 LP ##1 (BA 2.25 mg/ D
1/2 LP medium (BA 2.25mg/ ]

Table 26. REEHIO Y 2 — FEB~OEEB

Effect of media on shoot elongation

i (5¢g/1 HU»o 26HED 268D 48H %D ¥ a2 — MBER
EHRER va— b AEERGE) Ya2—hOD Ya— O (FF 22 Hoks
Media =¥ No. of B E& BETOMER)
(containing No. of surviving Shoot length  Shoot length Rate of shoot
activated initial  shoots after 26 days after 40 days elongation
charcoal, 58/ {)shoots after 26 days (mm=*SD (mm +=SD
(%) A B (B/A)

1/2WS 8 5 (63) 27.2%30.3 30.2+35.1 1.1

12 DCR 8 6 (75) 19.0£18.4 22.3+22.4 1.2

1./2GD 7 6 (86) 28.8%£21.7 31.7%£23.5 1.1

1/2LP 7 4 (57) 24.8%+14.7 24.8%114.7 1.0
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5.2.7 EHROBMHOEVSY 2 — FOAFIIRIITEE

HAho LP EAdiz, WHRE SHBIOFE®REZhZN0.5% AN, FROZEEZFENLLES
% Table 28 IS/RT &SI, ¥ a— F OEERTHE, SHENENATED, va— b d 3HENE
T W HENBWEEER LY, 5% Ot RETREBRRZR U, - 2, —BIIGHROEFRED
Riz, REMEMBOREICLS260LVHONTEY, 2BOTHRICREHEHOZRIBT VLIRS
7o

5.2.8 IBA BEMY 2 — +ORBIIRITTHE

IBA 2 {BEOBEETMAZ RIMBMTY 2 -+ 2 1 0 HMEE LK, fLverE25E080 1/2
GD (DBMD HEMuc#E L T 15 A8 L ~BoX#E I~/ (Table 29), Table iKRT & i,
IBA BEY 1mg/l DM THEBELALASOTIALYBB LAY 2 - b kh, ThbBROMU
3% - 72 (Photo 13)

53 ¥ ¥

7 a2y OEAEMEE L CHEBBSEAIT) L oRROBER, PREBRCBY 3DRNLEEET
H3LEbND, THEARCBO T awvyEFEHVT, 0% x5/ -V 0.5~34), 5% REHE
KBS P UL (T~154), 30% BE{tAkFEK (10~204), 5% @EE{LAFRK (20~454), 1% +

Table 27. EEBEODY -2~ MIRICHT 208

Effect of sucrose concentration on shoot elongation

B (%) Bt 2 R%o FUHo 2RO HERL
Va— M REARE(E) Ex Ex
No. of Initial length  Shoot length Rate of

Concentration No. of surviving of shoots after elongation
of sucrose shoots shoots (mm*8D) 2 months (B/A)

(%) : after 2 months (mm *=8D)

A B

2 5 5 (100) 15.0%+6.2 21.4+10.2 1.4

3 9 9 (100) 13.6+12.6 23.1+£10.3 1.7

4 9 7 (178 13.0+7.7 16.6%5.1 1.3

5g/l BHREH 172 LPEH
1,/2 LP medium containing 5g.”1 activated charcoal

Table 28. EMRDOHEAENS > = — F OEFICRIZTTE

Effect of brand of activated charcoal on shoot elongation

EER B 1DARD  2hA®RD  BLHOES 2A®D  va— b

s Ya— b BEFAR (B £HEER(®) EHEHELZPYOSH) ES {HERER
Makers of ¥ No. of No. of Initial shoot Shoot length  Rate of
activated No.of surviving  surviving length after 2 months shoot
charcoal shoots shoots shoots (Ave. of (mm *SD) elonga-
after after surviving shoots) tion
1 month(%) 2months(%) (mm*SD)
Wt 22 16 (73) 8 (36) 9.1%86.7 20.8+£12.8 2.3

S # 11 11 (100 6 (55) 9.3£8.1 16.5+14.2 1.8




b/ ey ooy OMBEEEGORE (AP — 155 —

Table 29. IBABED ¥ 2 — FRBITHT 2H

Effect of IBA concentration on rooting of shoot

IBA BE R — M 1.5MmA®D L5mA&D
IBA HER (%) iR 2 - (%)
Concentration No. of shoots No. of survi- No. of rooting
(mg,/ 1) ving shoot shoot after
after 1.5 1.5 month (%)
month (%)
0 7 6 ( 86) 0Co
0.2 7 4 (57 0 COo)
7 6 ( 86) 1Amn
5 7 7 (100) 0(w
RIM ¥t #h
RIM Medium

5 o8 (1541), 3.5% 45 v (154)), 0. 1H(LE KK (3~1041) 2HAsALETHRABEE
BEETY, RERUAMKOEZOBELHAN Y, EEOL(BVELLREORKHFRBVHER
Moty EDXIUMED S LYEL S BENAMEEFOND &5 URFEORIVSRLEILE 5,

AHETHVE Table 22 © DCR, LP, SBK, SH, SSS, WS, M i 7 o = v HIIEETOE
LBV TI3 Table 28 WRT L Hic, BoNAEEY 2 — P BDED > o O THETRE LY,
WS, M, DCR, 1/2LP #&3BEHVWAILOTE3b0LBbN 5, MEFROHEETY 2 — b Ol
BoLTHRDE - iERRI, BRADEDY 2 — F TOYRNS - 72, HEN S OHIALEFO
3, BA 2ZALEMTRO N (Photo 11) 45, P 1 ABAKAATHDEVE TS - o 7
B, FOMELZESTENE, 1HABRICYa— P 2EICAEDIT, RIRNEEERM O -
WEHEEDID D~ 70 7asyr—y a Y ~OLHAORHENERT D LEVE LI,

TITR, AV F 2 v ERRTEEDOYA ¥ F 2 2 IEHUEERRAD > OB Ic & 2 BRI
B EEREZNORELRT - 1o BARDES, AREKE L TRLLEDEITVFEE LGSR bE
LTwihe BA #8% L WS, DCR, 1/2LP 81T, HEbh SAEFEH L& THIET 2
FEBEDE A, BHIARENENS 2, BAD O MBI BRI ORI, TENTAMEOBED
PAREFHE Y 2 — b2 S ORIBEOR Licmlid TOWRLESRLETH 5,

6 £ & &

FEEHRBEOL LT, AFE L AMESLBENASTEY, 70— Y ERSERENTONTE
tro 22T, BHEEO LS —HOFBEENHETH 2 £/ + LBEROERICKPEL W I o2 Vit
LWTHEBEBEEROER I L 2 BERMOIENP <M 2 07T o3y — v s YORMEEREK L 72,

B/ ¥, v v & bRPFEZ L LDOPYERMENL, AEFORRPRIBLEVWTENTED, <17
OOy — Y g vORBERIAEICEETE L, BB, b/ FE2oevERKETEE, E/FO
FHARIEEORIBE L TRIMEROENE ETERA, LVHALPTVMETHE I Lk -1,
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B/ FOFAAD SO T, CD £AAEEHG, HUESMED BA © NAA ORI kY,
PRBRIEBOT, 1KOFEA OB ADREY 2 — FEBEIEHNTEL, Lird, TOLE
va— PEHEALAEEFEHOEMICHRTEIILICLD, 1 KDY 2a—tHOEH I8 ADALEY 2
— P OEEMTELDT, —20 Y a— LG 150 ADF v 2 ~ b ERHET 5 C LATRET
b, Fr, MREEEPTCLICLD, ISICHEERESIFICLPTES,

A —~%vD IBA & NAA #5L7c CD EAEMTHEET Lk, cOdbDya—
5 0% ORBETHEYMEERETE L, TNOOEYHEAR, ~—54 FPXE - 1+2 51+
SBHULLT, KEESFEH/AETILAMEI TLIREVIMETE A, TDEHCLT, b/ +0HE
ADSOMIETE, 187 T, 1 KOFELH ST 100 4, BAS00 ADREMESEL, £/ + 3
BEIC BT IBFORENFICL > TEERT, YL ) VIESIC X A HFESMEOHN & 2 F 1ok
TEHELELL, 22T, BohAKoRBRECETE LKL, THRTRIBE LS LKOHAL,E
SHhREWECA%E, CTOFELLSOMBIEEFEOEMEMN VS L 100 KL EoEHIBEINE & &
5h, BEHOMEIsBRIMNWERBEHOABMBICCHTE 2, T3, HBEEEORK
LS AN LT OEHANAG HASBETH B, T, HiE - MBRKIC L AR OBEEOfEH S &
DB COBEEMIT CIRKINATE 5,

E/ FBEAD S OMBEEIC L T CD ERIEMAR VT, SHEALEROLREE A &
TEHEILIEDBEEHETLZI LR L, FERANCOBAICHEL T, RERMFY 0% &
B oteo 1EEH LD U~ XKDOLEY 2 — b HBoNIH RERBEVOTIERN LD 2E
BOEHREBETA~6 XOFAEMPAIBOINIZTER Y, EXFELIOBRELRND, 1 HORKK
b MELERNSRATRLVIBOTE(RNTE 505, 1 EER YL OFEREKELSDELT
b, TR 70— VO AFREE LTHETESTHS D, BiAD» S OMEDEAIR, REFOREED,
HEMES TR S N EE S E L TEERATE 5805 5, BEETHORREBRTER
HEOHT, H5VIRIFK mel GEEEETBKLLSETO, REEERS, EtEkoR
Witk B EROBREICBLTAVEBICI>FETH 5 L Bbh 5,

7 a2y OREE S OMBERICEVT, SEHOBMAERY Y v/ LzEl s, FIERC
BVTIE BA 850 WS Biin, BREBCEVTREHREFMLIESORED LP Hithhs, 18
ahtya— o o0KRICIT IBA 25 /2 SBK $H1PRIM SHA#E L T, 20X
BEBRMBICEVTERRMAELISET, 7o vyBKlELy 8hAT, FHI~13.5 @K
3 AOAREY 2—rAEShf, LU, RERIEO LBEESKRED - (0~56%, FH25
%) OT, R 1EMOEBRT—ORBRI VB LN EEMBEEL 0~10KTH > 1o, DEWIERE
REKES 20, BAUSEHRMDICEH BA RNBRTOBREZRE, ¥ A4 =LA
HEOMEERTICERFLRY L CHEMEN L HESENTH S LGP -1,

2 o=y ®6~TEAKRD S OAEBEOMERERIZ, VIREBLBVTRASLREHETRTEL S
DFEVHEE S, 0.1% Eb<v o= LKEK T304, 0% =9/ — VKT 35, 5%
BRAKFEKT 20 FRIBE®R 7 )V - XY FRNTRET 2 55T, 1 »HEROEFRL 0% Fikd D,
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HLEEEDTH - 1o

BREL 2 AFPERIC DV TREAS LIBBRHTREERT, AMEELLTRAENTHE T 5%
hot, SHKBRBEAEZTV T ALFRINEEY, yREBOMB L L TROBL TV, BA %
2.2mg/l BU¥HORED LP #MTHRAEERT I LiICLy, ¥E1 XK BE4EXOFLURE
va—bBEON, T, BESAL Y2 - POBRICITERRERNL 2E50BE O LP il
HE LTV,

Ya— bt OoORRIR, BEFEOBMEICEISZ Y a— X0, SoELI-2h, IBA 2HML
f: RIM BHITRB L bOHH - 1,

CDEIiE, 7o vORKEMEICTAICE, SHL0—B HEMHORBRELRELLTN
HESHY, va— FOEJEICSOWVLTIE, BA BRMBHITDORC LS I hHIZ 251005 EHNHBFL
12DT, Sy FA v F 2 v EHHEESOMIEICIR, Ya— b oORIBEGEEHOHIZT S
TENBETH B, INSORESHETTHERALSOEA G4, MR X 2FREAHM O
HiEEETH B LB SN B,

i #

AWEETO LS DRI TIRBECHE S VARV, BHRRATERIRERESE BELt &
AMRFBFEER, FREY LIRSS EFRAERAE THLOEUECRHT 5. £/, &
WO CBMEE - L HFHREHREYRERRBE=Z #8+, REMIFRES ERETox
LTHECRET 2, S5, BIERETEREL T - -MEKATES GHATEEL 7)) ©
FERIH L TEL BB 5. AMEOMD £ &I L THRESBYE 82 W el &, ABoRM%E
B> h B A BN EEIRERMFEE LI BB L L 5,

LT, n=ERREER 5 - ORAELHK, LRREXRERBBOSEN FX, BEEHER
BiEOoF BRKSDER~OBHMIH L TERT 5,
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Screening of Tissue Culture Conditions of Hinoki Cypress
and Japanese Black Pine

Isui, Katsuaki’

Summary

For micropropagation application, two of the most important Japanese silvicultural
species, Hinoki cypress (Chamaecyparis obtusa) and Japanese black pine (Pinus thun-
bergii) were selected as source trees for tissue culture study. Regeneration from both
young and adult explants was successfully achieved. The results obtained are
summarized as follows.

1. Micropropagation of Chamaecyparis obtusa was possible from germinated
juvenile seedling using the following methods. CampBELL and DurzanN’s mdium (CD)
containing 2.25 mg/l BAP and 0.005 mg/{ NAA was good for adventitious bud induction.
CD medium containing 0.006 mg/l NAA was good for shoot elongation. Over 70%
rooting was achieved in the CD medium containing 3 mg/! IBA, 0.1 mg/l NAA and 1 mg/l
riboflavin. In vitro propagated plantlets were transplanted to the pots covered with wet
filter paper and habituated successfully.

2. Inuvitro plantlet regeneration from adult Chamaecyparis obtusa was successful
using the same medium and the same combinations of plant growth regulators as
juvenile material. However the rooting percentage of the shoots was lower than 30%.

3. Micropropagation from mature embryos of Pinus thunbergii was developed. For
initial adventitious buds induction, WOLTER and Sk00G’s medium with 3 mg/l BA was the
best. For elongation of shoots a half strength of Lepoivre medium (LP) containing 5g/{
activated charcoal (AC) was the best. Rooting percentage was 0-50% on the Root
Induction Medium of Ao El-Nil (RIM) and there were big clonal differences in rooting
percentages.

4. Invitro plantlet regeneration from 6-7 years old Pinus thunbergii which were
selected as resistant clones using pine wood nematode inoculation test was tried. Induced
brachyblast buds obtained by topping the trees were the best for explants and the
half-strength LP medium containing 2.25 mg/l BA was used for subculture, half-strength
of LP medium containing 5 g/l AC for shoot elongation and RIM for rooting.

Received October 29, 1992
(1) Bio-resources Technology Division
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Photo 1. HHEZICEREN I ALERE

Adventitious buds formed on juvenile seedlings

Photo 2. #o ¥ a2 — DK
Elongation of buds to shoots
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e e e T

Photo 3. #ftE#E sty 2 — b SERE SN 2 kil AES

Second phase adventitious buds formation from subcultured shoots

A ///‘ o ‘ -
Photo 4. ¥ a— 2 50%EE WELE 36cem &)
Roots development from shoot (with a 36 cm long rule alongside)
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Photo 5. $kHiL 1 R OEER

Regenerated plantlets of C. obtusa after one year

Photo 6. b/ F+¥WRALLEESL-HiE

Regenerated plantlets from adult Hinoki cypress
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Photo 7. & 140A%, BBMoR#E FECERENLE L OREHE
Multiple bud formation on cotyledon-hypocotyl of a mature embryo after one
month

Photo 8. FHEMEKDERT - OHc B OFHY

Induction of buds from brachyblast cultured in vitro
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"

SR i
Photo 9. 793 VYODREY 2— kL HORR
Rooting from adventitious shoots of P. thunbergii

-

Photo 10, NE{LSK%: L L %D 7 o < v QW&
In vitro propagated P. thunbergii 1 year after habituation
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" Photo 11. faHi SEif75 v 2 — b O
Formation of new shoots from brachyblast

Photo 12. 7 o<y AOEGE L DMEENya— b
Shoot propagation from brachyblast of adult P. thunbergii
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Photo 13. 7 o= vEAKEEINIc Y 2 — 55 DFIR
Rooting of shoot propagated from adult P. thunbergii



