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1.1 BREEOmRESE

BMAEMSRIC LR OTRIE, 192441 ScaMDT KL - T VR, to R, RUa/ 5
Hy g BEYIORERNITObhOBZ DT Y THS (BRowN and SoMMER, 1975). JLERTS,
Tukey (1933) K& 34 7 S HORKEEL T, T LTHEAEMBE L Vv AR TRH,
GAUTHERET #1934 X, v =23 v+ ¥EL 72V v <F 7 v OEREEBOF ORI L -T
B L. LL, BEUKOHEMELVE VBELERINTW AL -720T, BAREEIIKRL LS
-7 (PkH - JRHEH, 1985),

1937 E i+ VE Y O—D, 4 v F— LB (TAA) MBERHINB LKL -TER, A RE
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BEFRICLLHEEESED SN, L L, MEHZEENZDOIC LLERENS ERE LY, #
ATz BrownN and SoMMerR (1975) ® WInTON (1972a; 1972b) DL E a2 — K&k ->T a4 3 &
iz, SEMCLEROKIEEC L RIEBFL LITOOUT LT &Y, 20k, HAOEAR
HABYOXLHIURBHEALNLEL -1z, TOEHBE% BoNca and Durzan (1985) i3, 1) f&RKO4E
HREEHICDID, 2) AMKE L THEPHEMBEES L0 b, BAOBRKS SAMEENESNS
IEBBOIDIEBNEHPSREC, 3 BENEBBREV DI, EREROTFERELTIZLL,
4) AR DHBGE S 5 RERICNETENR Y. £LT, 5 FAEH - oD 5% - 1o AlE
OHBHICRAEC 2 7 ) TREOHERYHBESBEN, TN oOBRERIIEES, LiZ LIEAAEI
MO EREEREF TS,

IORME, BRLER) 7=/ - VEREPCHBRMESEN TV ARENZ LI, AHEEEL
TEREL - VIWT L 72184, Mo & » T2 h s o Esiancifh - BtL, MEoEgsET
SHTLED GFH, 1986; 1987, 2O I &3, BMPEEAIRLBENSOEEMDR VA, BRI
BARCO>NTEERPE(NRLIEERLT VS, 2L T, Thidbdo2) oLBNERICX-T, 4
Rk E L TIRPHFEZ ORBEBLRTH > TH, BAZHOIBEICAEESEL L EEERT 5,

b5 —0o DR, EAMEYOMEBEEOLBISHANERA I - LEHOBMIE, FxT—F4
HYOHMBIEBO DM F I TWAY, EFELEORAEYTH SRACHBEECBV TS, L
EMpGEONTELCLTH S, T4bL, BHMEIINR T, 3&CBNIAEEDOEENE LV PH
WSRO, BBERERE(ELGLLCENEZSNE,

2%, BAOHBEBORRREIEMITONE LS LK -72h, BAEPLVESRE» o1, IO
#l, Srone and DurFiELD (1950) ic & - ¢, AEMBEOXEEFOREMEE L TR0
HEELEBHEI N, 1968 FiTiE, WoLtEr & WINTON I X b ZhEhBEi, RBoEL L
Y2+ 35 (aspen) TR 75D NVAREICEL S Y 2~ P EBOMEMRESH, Thiic, BK
OMGIEEICPT 2MEHRBRE L. ZLTIINNERICA-T, HAFBOEMLH-T, B
OHEERORBTFTIIER L, M- BEL SOMEMEEEN 1978 E£F T, HIEWITE &F
Y 18 B TRIIT BIcE - /2 (Winton, 1978), =Dk, HEYMARLICHI) L EOREBEHEL, &
0FEERD 198THIE-> T, HTEMT BRI LD 18558, BTENTIHN, BBOFHIcL -1
(5HE, 1987),

RAWES I B 2 HBITROFAIFE L TR, BEOAFLAEHOSHEHEL LGNS,

BEOFAHSHIL VTR, #HBEETFREAVLKBREEOEFIHY, aspen ZR T3 &Z D
M (Anuga, 1983 ; BarRocka et al. 1985), = —# U (Fil, 1989, 5 ¥ 7 — % < v (AITKEN-
CHrIsTIE and THORPE, 1984 ; /{3, 1986), 7 27°3 X € 3 (AITKEN-CHRISTIE and THORPE, 1984 ;
BHKERRSE, 1982), v ~u+24 7 (ArrkeN—-CHRISTIE and THORPE, 1984 ; ERFKEEHHT
&% 1982) RUF— ¥ = v 75 v 2MER (Arrken-CHRISTIE and THORPE, 1984) IZBWT,
EHR BRI EL -, BHETIR, 7+ (Anuda, 1984), 7% (Oka and Ouvama, 1985), # v~
+% (SmrtH and McCown, 1983), = L3 (REDENBAUGH et al. 1981 ; STicKLEN et al. 1986) KU
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#7588 (RusseL and McCown, 1986 ; Sa1to et al, 1987, 1988) @ 7o b 73 X + DHEREIC L B
HMBES 2 0RF 2V Y s YHEBIC K 5 IMRNRE DML ESHT S h, MRS X 588
BAROEHEMEVW D EEbN D, £/, HEBCLAIHEEYOBTES, R75EEFEHLLY
oA ICHETTL TV B,

—h, £HOSH TR, ML AV TOoSERE KT 2BiKe, BOERM L S omEsBksh
Tnd, FCHERER HRETIBEORE, RECKITTRE, BUCREEREMEST 210
DEYBFREN TV D, TRENOKEICHE L o ERe, BN 2 MYk ERGHHE o
EBEL EOMFEHZMICHATV S, TLT, HAOKRERE, HIECPKE H3vVE1 1V 20EE
BITbN, va— bOFEBEHEZNLDSORBSCRETHFERESHESPICEhDD6H 3,

1.2 HREKCHER

BN B2 EEE» SR E LA ERBLEEEER, IrEOKKORN, HNuELEEELLbD
T, B, BRAATEMBETHIEE THE, dubbas, b/ %, Thvy, Juwy, #15%
v, /ey, b FevEEERCULERBKTH - 1o, KERELKEESEoN A TRIN - BEM
BEEOFAPSLATHEEL, HEE- - FHEE2ERL, FEHOBHALEE L, £, RAKE
I L 7 SRS AN OFEREMIC B > THE IS » LK OREKE~OHEHRD—> & LT, B/
BEHSRY, b/ +FO[REBWAMERTE (FF &E, BEAD HHT -7, o2&, B
53,5, HAKDT YRNHERO—DEL T Y/ F1 v Fa vikiikEEEEY, oIy
SHBEAREEDD, v 4 ¥ rEAEEFE (FX¥, 3+3) BRELE, 0T, #»5<voHE
BE ENAESNS L, HARLATLLOORBK) HiTbhl, £, ¥, b/ +OFAK
Eh (RF¥HIHY, REFS 7 s2z), b FORIER, 5= vIBROER P vERD
Wi ST 2 ERNAECTTLN, FAMERI LT RIEFSEES T TREBI ATV 3,

CHhoDEBERBR BV TRZATRE, ME, BRESC L BN FHRsSHELE N
fods, MERBK L SRER - FREEOENGFEABHON 4 21X £ 54 - TO 2 A BT b
BOTEROREIS 5, iz, ¥4 7 7BEAAOZ X ¥ORLEEK, #5<voBRHERAECL?
RERSEKRX nficbrhbod, HBENEL, £, 2ERMEEZFOLHEREESEETH
%, TDf, HEFI60ERD SHROMEBISEENEE(L 7o Y2 b NEHBR 7 2 ¥, 3+ 3,
GFA AV, IXFT, NEEN) B, ROTELEEL SHE A1 F 7R v Y27 &L
T, MBI 3 BREKOMEERORFEY, FELTYA 4 yRADI ¥, 355, 1 X475
REEFRELTREL, WESRE AHNKRATEH) OHMEHEO b &1, BUNAEES,
EFRAERBIES I L TR BEF L

UBHA-T, BRRIMOBENEE-T, BVWATHM, K&y KZ:VBEHER, B
HEEEMICETAITRRVERAR2EST AL, MHITORERFERE L CLRE, BEFERY
MEDEBES DY 2705 5, #->T, FABRICIEHNLTBELSHORELLELT 00
HThb, O, RRREDH ) « FEABNHMTE L LI, ThELOHIBECHELERL
RHIRK ATV, SERBRKOEMERIETEOREALFRNE L TEA, L, RECHEHETR



BARDEE « W AEEOEBIITIR (LHD — 39 —

I ERASH L EMEASHITIL - TE, KE (1980 &, Ch5oRHlEH N —F 311}, BE
BHOBERGELER B TRBEMOBERL BARE (R, KE, HE, SBERHSOHESLLE
BE L H>BEAEREMICGELL, 550QRKL, HELERL, ZOoHEEEKETS 1H TERRT
FUCIRRREZITONETH D, 201Dt oaE « KBMEHRNEESRM v T 3 X
2o & 5iZ, BurpoN (1982), LiBBY (1983) 537 v — YFIAMEORM LGH% & Lo, HEERE
DERAL, BELHL T, 70— v bERERAL-HAEBOHBMREHE, 70— v0R#E - X
BRIEHEO - p OB BEORAEHEL TV 5,

FE#kic, Bonca (1985) W, HMAFEc B MBS ERIC L 2EREEOBERIC >V THBRNLD
AT, AHAEMC I 2H8ERICO- BB CHONIBEHER LY b, BIKEKLEMHTREL THL
KBEOEBREIREVIE, 70—y OKRBEEI L - THEHEREIEERR LICERT S 25
BHLTWw3, a5, FH (1985¢) &, MAOBBEREEM T 50 IS EERRTEI4T
LT NESHEL LT, BREKOREEE, AARORRHECHOMA, EROHA, &Lk
EAORBLEEED 7 0 — VRO 4 SEBT TV 5B,

BAROBEIC LTI, RIVREEBIHET 20, BURETEITIEMEDTEETHS, 20
ENTHRAERN S Y, BEMED 7 o — VIEBKE 7 0-XT v 7ENTL b, BRRKBIT AR
BEELE LTk, L VBEEROAHOMES L SN LT EH S LW, GHMEeE LT, &
BEKOABHBOWME,S BT SN 5, Bl Bonca (1985) ©XH (1985¢c) DL N MRIER
Kk2d7o—- vy KEBWEESHWSZEicky, Ly (1983), KE (1985) ShRT 7 o— ¥
DERICKELAERENET260L VWA LS, COLIBEZHH S, BRIcHBIT 2 HBERER
DRREVNEEN 5,

AW, W0 EREED SETF L BAROMBHEBROMBERANIC LN E LD LD TH b,
ThHbb, F9 D KSHMEOBEREKO 0~ OKBHBEICET A0, AF, 72%, v
Y, YFIFSSEORE BRI B S o — VREICE U AR ORIR, B OEERED
B#E LI, ROVT, 2) FLOVBZERZEIHT 2-00XBMEL LT, 2F, 7wy, ¥<r
5y, R7SHEOEMEANVABRTI o~ vHEET 2120, JREE - BRICBI 200 20FHE
SR, BOWEERL L AD 5 OEMEOFEICE L L BBRHOBRET» 1,

2 HEMEETE

2.1 #t=EH
211 AHETEO IS K
ARFETHE, BRFEILIC, ROMEEZ LB,
(1) HEREE

i FHEAOFEHE-2F, 7XF

i W, HREEEE--r7h v

i EfEEEE s 2F, vF IV
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2 AR
i A REE. 2E, suowy, ¥F5H
i ANRPLOBEML ¥, KFSH
i AN RDRIFEBERERS - RT5H
2.1.2 HEEBICHO A
ABIF T, KO IWHOMEMKZE V7,
(1) X oM
AFTRERRFT SIS FAZIOFE, YFFSRUCREEAEE L TEHAL, 7 X FTIER
PMERF S THES 1 EREh R AR L L
(2) FEWEEE
HEENERO v 7 4 v Yk ORI L il Xt HEREFEH oA HE S L1,
B m’ F
VFIFY IRUI I FXOLEEROERICH SMF BF) £, FMLERESD THMEAKE L1,
Z OB, BAORKD» SMBERK - /2720, RIEIOKE L RKARNEICB+oEEE L,
2.1.3 A AFRBICHO I AEE
(1) JERkRE
ARFRTHKROMEY OV)O H LETAREELREBL 2, OBKROLELHORKEHE, NEE
BB E —HARESCHIEHY, SmmX5mm BEOKEOH v X 2 ROAMEEFBL /2,
@ FERE L o SFEERE 3mm BEOES 2 b o0lARKIcY - TAMK L L, @5mm BEDCE
SOMERCY, ThEHEY LT, PROAKIRONERE Lz, @RMIcE->Tid, FE
Lo YFEAERE%E 5mm ORI L -» cHERORTE 20 F 4K LS L
2 RBET
AF¥RU 7 o2y OEFRPOBERED, M L ABRHGLABROABETF LTIV AR
HoroboNREkLE Lk,
(3) HEfE®4M
ZF¥RU 7Y OIEREATIOBIEOBI 2, H Vv AFEOAHEKELE L THV,
2.2 EHOMEE RN
AFHETE, WP OEAEMEZOTTHVED, L8R HRRSO—MOMBERELT
Huif, 37%H 5, MurasHiGe and Skooc (1962, MS), Worter and Skooc (1966, WS),
STEINHALT, STANDIFER and Skooc (1961, SSS), Woody Plant medium (Lroyp and McCown,
1981, WPM), Broad-leaved tree medium (CuHaLura, 1981, BTM), Economou and REaD
(1984, ER), IpE and Sarro (IS, 1985b) KU BW ZoEHTS 5,
Table 1 RAHATHWLEELEAEMOBMMERLET . Ihb60ELEMO—HOMK%E
WELBEGR, BOBOOEROME E HEOHTIRNS,
2.2.1 EAEEHOMER & ERE
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AR THOAEAE S Lic, BERBRUAVAREEET - 1% Table 1 ISR L 72,

Ch oo, AEEP SOH L ZFE L, H AR50 OREROER, ANk, S EEN
HHFEOREEME, v2— POMBERT Y2 - tLo0RBRED [Dash] LT, BYKRESR
HYME HEYWANVEY) BAETH D, EPFETE, $A I =22 LTRRAVYILT I P Y
(BAP), #14 %F~ (KIN) RU¥7TF v (Zeatin) %, $hA—Fv L LTRF 75 v /Bl
(NAA), 1 v F—EE OBA), 1~ F— Bk (AA) RU'2, 4-Ysoo7x/ 4+ VK8 @
4-D) 2HV, 2LT, BERCEBEENCECCEBELREL, Bz rdlladbRrTmA L, &
ST A MAh A = VEPWEEL LT, Adenosine-3', 5 -cyclicmonophosphate, Na salt (c-AMP)
& Dibutyladenosine-3", 5" -cyclicmonophosphate, Na salt (dib. c- AMP) ZH W7z,

2.2.2 HEoR"

AR TIREMOFRIEL, ROFIATHER LR b v 7HE, 4°C THEL TH L TREBEEK
THERT B HERLE - 1,

® RAbw27 AW-CalizlRE, REBEXRLSUCEBERO 20 51,

@ Abv7 BH--Ca 2EUEHED 200 5,

@ Zbuvs CH K80, EHVEEAK, Z01005HEES, COBBEITELEICEES:
HELL, BT ILBERTIO0TER ER) kKB,

@ Fe Aty 7 Fe-EDTA (Na ) BEFKTHENML, £/, Fe,SO0,- TH,0 & Na, -
EDTA LE2FAVWTHBT R L ECR, FNEFhOKEEHPUHSBIBER LD, BRricE
EHbETHHIL, 200 EHK%EE 5,

® EFIY, TI/BEORLy 7HBOBOD 100 fE5KEE->TH <,

® WYREHEWER Ly 7 A bA4 = VR, 1HEOKRELF Y v 4 (NaOH) &
THEPLPLTIOMM DX b » 2%, $, 2—FY VIR 9.5% 24/ —ATHEMLTI0
mM DR+ JIEERBLTEL,

BHIESIIC B » Tk, BRA A v EBKEFBEORMKBEL VDEBIcEY, 25— —THRRLY
D5, LHOR Ly VHONERMBE A RV Y v F—Fhid s 20y FAHOTHERLTMA -,
TRbE, BHilY» b AEBTEELEIKR, Ry ABSOm]l, AbvyZ B#S5ml, Abv 7
C#10ml Fe 2ty 7l5ml 2ZhThMAL . T4, T/ B9 VEHAIEMMMERIED
T, ARERy PTEBLTMA K, LEL, 144/ Y- VELEREZOMEERKECHERE
R L Thi 1o,

SERR by 7B EEYBRERGYEOREREMA OB, BRA+ v ABKEMATHREEZHEEL
to 2%, pH # — 7 — %AW, 0.2HEDKRILY Y 74 (0.2N-KOH) #7i3/KE&{LF + Y
4 (0.2N-NaOH) # &, 0.28F DR (0.2N-HCD) #THED pH HEicHEL 1z, HEitlo pH
{13 Table 1 io/R L 7, pH HE®, 1% OEXBEKRAEMZ, 4+ 27 L—-THTI0CEL ORE
T 20~30 SRR TEREZHE,L, L{BBRLTHS, BBRE, =fv5%2, XM475R3ic—
EBEATELL, HELABBOOR, KEATLVIAAVETRICLTF v v 7L EHIENE,
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Table 1. BEXEHMOMRSTHK (mg/D)
Composition of basic media (mg/D)

2 i WS it NE WS i MS #E3h SSS

Medium (WoOLTER (Modified (MURASHIGE (STEINHART,
o} and WoLTER and and STANDIFER
Salts Sk00G) Sko0a) Skooa) and Skoog)
NH4NO3; 50 50 1650
(NH4)2S0,
KNO3; 170 170 1900 126
KCl 140 140
K250,
KH,; PO, 170
NaH; PO, 2H:0 45 35
MgS04. TH20 1564 764 370 125
CaCl,. 2H:0 440
Ca(NO3® 2. 4H,0 611 425 500
NaNOs;
NaS04 425 425
FeS0O,4. TH20 27.9
Na:-EDTA 37.3
Fe-EDTA- (Na) 5.8 5.5
Fea(S04) 3 25
MnSO4. 4H,0 14 g 22,3 2.0
ZnS0,4 TH 20 8.7 3.2 8.6 0.1

(4 HzO) (no HzO)

H3BO;3 3.2 3.2 6.2 0.05
KI 1.6 1.6 0.83 0.25
Na;MoO4. 2H-.0 0.25
CuS04. 5H:0 0.025
CoCly. 6 H20 0.025 0.025
NiClz. 6 H:O 0.025
Ti0; 0.2
AlCls
Myo-inositol 10 10 100 100
Pyridoxine-HCl 0.1 0.1 0.5
Thiamine-HC1 0.1 0.2
Coline-HCl 0.5
Nicotinic acid a.5
L-arginine 400
L-glycine 2.0
L-glutamine
L-tyrosine
L-cysteine 10
L-lysine
L-ascorbic acid
Sym-diphenylurea
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WPM 35l BTM i %% HELLER ER 5&ih IS iy BW Bt
(Woody (Broad- (Modified (Modified (Ipe (1/2(BTM +
plant leaved tree HELLER MS) and WPM))
medium) medium) medium) Sarro)
400 65 400 680 283
240 132 132 120
190 202 170 95
750 140
920 860 925
170 170 408 80 170
125
H: O
370 370 250 370 370 370
% 44 75 440 70
556 640 710 598
600
27.8 27.8 27.8
372.3 37.3 37.3
B.§ 42,1 5.6
22,3 22,3 0.1 16.9 8 22.3
(H: 0 H, O) (H20) (H O
8.6 8.6 1.0 8.6 9 8.6
6.2 6.2 1.0 6.2 3.2 6.2
0.15 0.01 0.8 0.08
0.25 0.25 0.28% 0.25 0.25
0,25 0.25 0,03 0.25 0.28 0.25
(no H;0)
0.02 0,025 0.01
0.03
0.03
100 100 100 100 100
0.5 0.5 0.1 0.5
1.0 1.0 0.4 0.1 1.0
0.5 0.5 0.8 0.5
2.0 2.0 2.0
2.0 1.0
10
100
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Table 1. (22%) (Continued)

B WS i RZE WS Bth MS #2it SSS

Medium (WOLTER (Modified (MURASHIGE (STEINHART,
B 8 and WorLter and and STANDIFER
Salts Skoo0a) Skoo0G) Sxoog) and Skoog)
Fumaric acid
Urea (2003
Sucrose 20000 20000 30000 20000
pH 5.8 5.8 5.8 5.8
AR @® Prunus O Cryptomeria | O Populus O Pinus
Applied species OCryptomeria | O Pinus

O Populus

@ BEHER Organ culture O HARIEE  Callus culture

Fro 7 LT RAERE, 28F, 121°C 04—~ 7 L— 7HT 18~20 EIMTEEE L 720 LT,
Az oMEBEO Fk%x HEc XD MEHE L] & LTEERL 7,
BELLT 2BABRIZRTHPL, BERZED TEBCHV T,

3 % B B O®

3.1 R¥RUIRXDFEIHLOBENL

HEHTRAY, LEBTR XF¥OFELOBEEAMEL Lo M s 070y —va vDFHHE
ERET L .

311 A¥

(1) M &

COERICHVWEAFOE TR, &% - ATEEERE TEERNIREL, £O0—HEFMEATR
S BEZY, RFOBTFERECEETO 0TS ., EMRUERBENRORFRIIRDLSB
DTH 5,

a. EWEZY . SHEHEIE 49%

b. BILERY : EILEhgEE, 44%

V7T el A X LkoT, REORELLETFRIEREDLTHAL L, BTFEKIDH,
TIRF v RY -5 CHEBLEMS 24 HIEEH%, B _EKE Gk HgCly ©0.2% #&T
15530, BB LENOETFORMBEE L7, REXR, #HEEHKCSEAEL, sV -v_vFN
OBERE ETEEL 7,

RERICE, v af2%, ~vv—t 10ppm FMAK0.75% EXEM%E, 18 mm X180 mm FE
BT (B, HOrHEBRERINTRILAEaTH S0, DTHICERELRT) K 10ml THE
Licboxflvi, BTaERE 15 HEE» SRF LIS, BIRICBREMIIL, BEIEZL TH
E Lk, MELCRESTELED SBRET 2RIROFER OREEUVIET, Photo. 1 IR LK
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WPM 353 BTM #%ith %% HELLER ER 55 IS k&b BW 3z
(Woody (Broad- (Modified (Modified (IpE (1/2(BTM +
plant leaved tree HEeLLER MS) and WPM)]
medium) medium) medium) Sa1ro)
1
10
20000 20 000 20000 20000 20 000 20 000
6.4 5.8 5.8 5.0 5.8 5.6
@ Quercus @® Quercus ® Quercus ® Quercus @ Betula @® Quercus
FE
Cotyledons
WFEBH
Young bud
28 ]
Hypocotyls
1R
Root

FEZ satk
Seedling Explants
Photo. 1. R FHHZ L AHE

A young sugi (Cryptomeria japonica) seedling and segmented explants.

Sz, FIE - RBROHHERS Pk, EREcHR T 5HFEES, 0.5 ~1 0mm OR#E-> T8
) KHEIL, ThERENMEEE L, FEA 1AL STFEIM, ik 208, $HFFEIE1H8T

o2& L, F#6EOAREKLEE:,

BEMTEICENFNOEMOEEZ £ 1TEFH>HL, TE - [id - SIEFHR5Ic FalotEis A
hERBECERLL, ARER2»AB S+ Ve v OMRSE—OEMIcHBRE L, $EEHS6
PABOREHEE Y 2 — F DIMERIEEF I,
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REFZMEEE BB ICHOLEM OHMEEH) &, FREBOEE» S, A¥OEZFCHETIC
L 585p - 12 WoLTER and Skooc (WS) Rl Td 5, HH, ~»JA7 31/ 7Y v (BAP) %1,
3.16, RU 10uM ORBEEAMAIFEIINL, Zhfhicr 74 ) vKidg (NAA) 2 0%U0.316
yM DHEETIMA LD T, &3 6 EHEOBE - 4o, FBL 2EHRAREIC 0ml STHEL,
WL L D MEBE L 7.

wic, AEE»SMELY 2 - P RUREF YD &0, YT LvE Y ERO . WS EXESH
(FRAREEHD CBEL T, REEHREELL, AT 1 0AZEEBL THRSED SO -1
BAiTiE, 0.316 s MO NAA 20 7c WS BEXREMICHEREL CRREE3» -1, BHE3I L AR
2, RBENTRBRE L HROBEF N,

FEFL Y a— b OMERTREIRO /1 H OFEERHE, BE 3000 vy 7 2OBCEITRIAT, HE16
BFfE, 25°C ofElEE Ui,

(2) #HREEE

i AEFEOMEE Y 2 -+ O

3B O AMEGED S ONEFOMLOERE, BHOEY sV E DML - TEDRL - 1248,
REMBERN 2 A CA» SFOERGRRTED 5 0igwn, WY+ Ve v hE—HR OB~ O
k- THESBEL, ¥a—- b EERLE. FEOS BRERUVMEN O, HEREROVIES 3 W
F—4 O D S REEEMEL 72o S RYIDSEMNEARL, £0d L TREFEMEL 120
zhZh oKD O OAEF « ¥ 2 — F ORI % Photo. 2 IK/RL 72,

SLEHIC B 5HEE 6 b AHOAEEKOBERIOHFE « v 2 — F OSMER (F e va—-tESMELE
AREE/ AN EER) % Table 2 iKiffc, BEERAF TR, AHEEOEVICL ZHEROE NS
FEICKEL, BAP OBEOHRI/NASh ot Tbb, SN S0 LEH 53~94% L&
bE<, MOTHENIC BT 8~T1% &&<, FED SOHMERIRED TEL 17% UTTH - fo,o #
TS BAP BEIC L 32 3ED ST, SMEAOREERICI 0.1% KETHEEMED o1,
F1, BILERFTH, BHEXFOBRE LARMNEEOBRICL BV EED SN, —H4, Eill
EAFTIE BAP BEILL5HF « v a2~ F OMLROBLHRED Sh, BAP © 1uM THRHFEL L
RKARL, KOT3 16 M TEh - 7o, 10uM TIREIEL - 72, HEHRICE, AREOEHR
TIE0.1% kT, F 7/ BAP BER T 5% KETHEEEMED St

Isikawa (1974) it ki, XFREiE BAP 10 mg/1 (44.4 uM) %A 75 FT 22% oa{LR
R L, £1, BAP 20mg/1 (8.88uM) %MZ /- fEIX WS it F Tk 60% DMMbRERL 7-
(Istkawa, 1978), AEBRICH T 2MMOBE (AR, 1986), Isikawa DiH WV BAP 0@E L0 &
Bwv1gM (0.225mg/D) % 7243 3.16 M (0.7l mg/D) THVHEERERL, SEE O 10uM
(2.25 mg/1) TRISHMERMEL 5 - 7o,

Wiz, NAA OV 2 — + OSHEBE~DTREI, BHohTHE» -, LL, NAA £28TEHITOHN
BERANVZEERT 5 EMREL, oo, ~EFHESALREFLAAVRCEAENLD, HEHVER
EHEMAN AT EIHRELLA LN, TYBOVAVWARED FELLAEFEMbE 2 ER
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NEFEF» 5
From young bud

2 1R
From hypocotyls

Photo. 2. 3 EEIDHEEL ODIF « v a — + DLMLIRHEL
Induction of buds and shoots from 3 kind-explants in young
sugi (Cryptomeria japonica) seedling.

(ABDULLAH et al., 1985 ; AITKEN, et al., 1981; DaviD, et al., 1982 ; KOLEVSKA-PLETIKAPEC
et al., 1983 ; SOMMER et al., 1975 75 &) 2iThh, £ EFEP Y2 — + OFH - ERITEIIL TO
3o, Lpl, wvBich~, AEROZFFED Y 2 — HERIIED TEVY, CHEIMEOZEVIC
LByt ELZLNE, —F, wYRETITHHL TS cotyledon-hypocotyl O¥:# (KauL, 1987)

ITIIEE L VYA OREE, RFRBOTRAHASHID TOFITES - f208, Ehh o0 ERZ
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Table 2. ZFFEZOMHEKINOHE - v 2 — bR
Bud and shoot differentiation rates of 3-kind explants from young sugi (Cryptomeria
japonica) seedlings

& F* DEEH YRR RASYHE 3. va— OSSR
Seed source | Plant growth regulators Bud and shoot differentiation rate (%)
¥ & #h $hFE5
BAP (uM)| NAA (uM)| Cotyledon | Hypocotyl | Bud primordium with
hypocotyl and cotyledons
1 0 9.8 68.8 82.3
3.16 0 6.0 76.5 94.1
= b7 10 0 16.7 3.2 58.8
Miyagi
1 0.316 6.0 46.9 76.5
3.16 0.316 10.4 71.9 82.4
10 0.316 14.6 75.0 52.9
1 [¢] 6.4 66.7 87.5
3.16 0 2.0 42,9 64.7
2 W 10 0 8.0 21.9 11.8
Toyama
0.316 10.0 60.0 76.5
3.16 0.316 2.0 42.9 0.6
10 0.316 4.0 14.7 47.1

MBS, BREBED 7L 46~51 18, FE#i 28~ RO HFBAIL 16~1THATH -1
Numbers of explants were 46~51 cotyledons, 28~34 hypocotyls and 16~ 17 bud primordia with hypocotyl and
cotyledons for each treatment, respectively.

BOTERTH -1,

LU I A REE Y e OFF « 2 — + DLHEE%E Table 3 KB e, sHELHF - v 2 — b O#IE
BE1AD» OB 9RETTHAGN, N3V FDBEREICKEN >, I THAHEKOBEHOE VI
& BAHEROEMSR LT, MEME SHFRITROEL, ROTHE, FEONDR T,
SAEL e va— ORI, BAP OBBIcK3ZBVIBESHTE, » 8, BOTWA IS
D 3.16 uM O BAP &ML M ETEVERERL o Eh, I TH NAA ORI AHEET
Hols

il EEL - RIBEAK

DT 6 AMEEL T/HMLLAES 3mm RILEOF, v -+ 20I0ED, FEHHIC B
L, SRAIE L7, RIRLAEL GO 1 AHEIZ, NAA R AL 7, ARSI R L
FNERFEON I, BEME T b0P LT 2 0NN, —BIICKEVWY a2~ 1+ %
BHE L 7488, RBIRESHE TS -k B0 3 ~HKRIIBLT, RIRL TH LMOKRE & 5743
ffigcOH% Photo. 3 IR L7,

HR L FEA 1T RO BSEERD SBE L REARE 17 TED, 14257 b OFEEHRE%ERD,
ARER ORI T &, MEIEHIBIC &icE &, Fig. 1ioRll. BRI AP SBREL LT THHL 1,
ZO Fig. 155, BREAFSEILERFLY DEEHESCPEZ VLI cBbN 3, £, 248
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Table 3. R FHFLEZ DAEEFIOHF « ¥ 2 — + DIHEAEHK
Mean numbers and ranges of buds and shoots developed from 3-kind explants of young
sugi (Cryptomeria japonica) seedlings

5 * DEEM YRR R ATYE FE.va— DA

Seed source | Plant growth regulators Mean numbers and ranges of buds and shoots

¥+ ¥ B LS
BAP (uM) | NAA (#M)| Cotyledon | Hypocotyl Primordium with
hypocotyl and cotyledons

1 0 1,6%+0.9 3.4+2,2 4,6+45
1~2) (1~8) (1~14)
3.16 0 4,3+1,5 3.4+2.8 6,9%14.7
(3~8) a~10) (1~10)
= B 10 0 2,6+2.3 2.9%1.9 4,7+3.7
Miyagi (1~8) 1~8) (1~13
1 0.316 1,0+0.0 1.9*1.4 8.5+4.9
(1) (1~5) (1~19)
3.16 0.316 1.0+0.0 2.6+2.2 5.1%+8.7
(1) (1~10) (1~19)
10 0.31l6 2.0x1.4 3.4%£2,7 4,91+4.3
1~5) (1~11) (1~10)
1 0 1.7*+0.6 2.5%t1.9 4,641
(1~2) 1~8) (1~16)
3.16 0 12,0+0,0 1.8%+1,2 5.5+4.4
(12) (1~4) (1~15)
=1 th 10 o] 1.6+0,3 4,3%£2,7 45+2 1
Toyama a~3) (1~8) (3~6)
1 0.316 1,2+0.,5 1.5%0,8 7.2%+4. 8
Q~2) (1~2) (1~16)
3.16 0.31l6 1.0£0.0 2,5%x1.1 6.7+4.5
(1 1~2) (1~11)
10 0.316 1.0£0.0 1.2x1.1 3.3+2.3
(1) 1~2) (1~6)

HPIFHLBEERS. () ARFIEEERT,

Figures indicate average number*standard deviation, and figures in parentheses are range of numbers of shoots

& 12358, BAP OERERNOMUEMTOEAEME{, BAP OBRENE L2 >0 THA
B E 8- TO B, SMEERlIcANE, SIFFNSH S OBEAMBEIRE (., ROTHR#OIET, F
B S RIEFITLEL -1, BETRICR, LiSHic5 A7 BAP BER, BTOoEHEIE I 1%
KETHEEZMSED Shi,

ZIBLAZFERE, HEE o0 BEMICHEEL, EEEKTCEVTILL &R, 90% Ll E
DEEAT L, Photo. 4 KRLAELIHREER LT,

3.1.2 s xXF

(1) #EEFHE®

10 Hdhe), BB OTFAFERO 7 X F5 1084, BE08m) »oELAERR (Fr))
%, FHEBFEFTE=-ABIRANTAC THEL,
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Photo. 3. EBLTHE L AFHR

Rooted and elongated shoots in sugi (Cryptomeria japonica).

EWE AKX
Miyagi il

il

BILEXF
Toyama m HFRHA o
L From young bud

D 28 T
From hypocotyls
FEHL S i

From cotyledons Jilii

BARARB/FEL | K

No. of rooted seedlings /explants of seedlings
(=)

0 Bl
FLIEH 'BAP { { 3.16 10 (M)
Differenti-
ation medium | NAA o ~——0.316 (M)

Fig. 1. Ak e LTHWRHFER 1 A5 5B S h A EEHAK
Average numbers of rooted shoots derived from explants for a
young sugi (Cryptomeria japonica) seedling.
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Photo. 4. MHEB#KF cHEL <Ll 7z X FHA
Sugi (Cryptomeria japonica) seedlings habituated on nursery soil
under mist spray.
|k : #5415 H#%, Upper : 15 days after transplanting.
T : BH 7 »B#%. Lower: 7 months after transplanting.

ERBHOBFRIIKRDOL D IiT-7, $50 BFR L BRE L KEL, ROTO% x5/ —Likic
5 MR EL CEEREL, 7Y~ Ny FROBEME L TEEL 1o, BRI FRE S EENICE
DRWIOSL, RREICUN L, Lid, M, YRRUCTFEO—REESCEXSE, soboUME
2T L CEREROEH GEHIR 15ml) BRL 72 AHEAPRKEBETHRBREICASHVLBAK
i SSRFERSEVVES L,

EHEEB R O ICZ, Caarvea (1984) 2 & » T A &7z BTM (Broad-leaved tree
medium) B THOEMA LV E Y EMAT, BERick-TNEHZEL 2802V, YR LE
v OFENE BAP %1, 10uM @ 2k#E, NAA %0.1, 1uM 0 2kEL £{lAE5bYE 1,

EEHI AR, LR 6~8cm ok L, MEOFEN 2RT LIZ4RHEEBD L%, TR
REOAMELE LTHO, FSHISHEL > TH 2em OE S VI L THAMEMA L L (Photo. 5),
100ml 7 3 2 2R GEHB 0ml) 31X 3mm ESICE Lok, Ao Rcs,
BTM £z, BAP % 10 M, NAA % 0.316 uM iFMmL 72,

S BBIEE D S 50 Hik, SR EOBLEMMS S I~HBoF 2R84 L AEEE, BELLF
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DEHTFTTTROLR#MEVIRT, FLzo o
L% 200ml 7 5 2 3 M (SR 70 ml)
RRURE L 7o, USSR oI & BTM $5#h
AV, BAP % 1M, F/:123.16uM &, NAA
% 0.316uM & 2B EDETHEML 2, ZOHK
S0 HRE OB RIC L -» T, HBYOEHKRV Y 2 —
F OTEP CBROFORENS LN, Y2—t b
L7,
22T, 6mm P ERLLY 2 -+ 20
LTRIBARBRICHL, BoOFEEV v a—hOH
REMOA N ZEYIVERE, 300m]l 7 5 X 3 Ak
M (SR 100 mD) i< 2 KB ORRISEEIT- 0
SHELBOMRIERE, 30~40HIT LI 25 mm
Ploya—1r2@L, BRoOFLE Y2t
OWIRAEL, AVREYHBRVTI0mM] 75 %
— pryvyraryy— TEHO TSR LR OE L T, WBLE S 2 —
Bud, acorn and root Expdants (epicotyl FOFRIBO T DEHIE, BCEBOFETE LN
with scaly leaf)

kva—-bRRENTN2KEORET, IBA &
Photo. 5. 7 X ¥MEHN bONBEORER  NaAA L sMlaabes BIM BHERH VR, £
Explants derived from aseptically grown
young seedling in kunugi (Quercus Dk, RHSNLBRTEOY 2~ Ko
acutissima). Thoid, 12BE cE» 2 BTM R WPM
RHI: B}758, Arrow : Scaly leaf. {(Woody plant medium) @ &g (EBES &

YaBEE /21, BREYFRyy, Yy
RUZLE L vEBRE) 2FHIBHOEME L, IBA & NAA 2848bEMALbDER VL,
ERIEZZIMICEShL Y2 — FORBHERICE, RRE (SHE 15ml 28V, ob, 6 TRE
OfIEETEO N Y 2 — P ORBRARICE, 50ml (SR 25mD 721 100 ml (i@ 40 mD)
D77RA3EFHV, ABBECRYa-r21EHT, 772281 Ya—-+%22~3FHTELDY

to

TNTORBERER, BES5000 vy 7 AOHNATT, AR 16856, 25°C ofEfE L1,

2 HRIEE

WHEICET LABR (Fv 7)) 2IEHE L2729, BB X 5ELRBIBHDTEHL 87.5%),
WHEOEFRGE LrEOO Lo (BEOERIIBVWT, BREHK LLObREREL-EC 5,
90% LI EOREBBWELTE ), 0D, FEHOWEY L LE v OMERIC L 2 BEHOLHRIEBDE
WEABKRGT 32 EBTELM T, T, BR (Fy7)) BiELSOBEREE27 0— v R LI
T %,
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i va—bOME

HER O LREE, $20mm ORI Y- TAMK S LAPRERTE, B8 20~30 BEE 5,
B EEEHND o FOHMEFEES S o1, BREOEHEL TOIRWAMIED S 132 FBMEL 2k
stie BLOHEEMNEL LI 2 v —vid, Photo. 6 IRl & diz, &S HE & Cic RO 8
WHEETA P SBAOEP Y 2 — FEREL, BHIKIE10mm UEHUOAYa—tbaohti, L
L, 07a—vth270—-v@312H0s 1 KOFLASME T, HELRRTS -1,

Photo. 6 TH 4,3 &k Hiz, TXTONFEKZHEA OG0 DEMLLCHBEO S L 22K L,
z0F ¢ LE o FRED S AR A L ZIREEY OTRS A SNt ML TEOHTRN L S L,
ETHROFEHLVWEY 2 — P OEFTLEREET D bif, FBOAEHUEBICHE L1, 2 H O
EEDY 2 — i3, Photo. TITRU & S IC8MERE L1,

RO QREBLBOBEENZ, Buya— ORBOMESBUTE, va-rESENTEE
EbHI, 25mm Pl EOEVLYa - rOREENILE, 202 o~rTi, ELILVa—bOER
BEAEHDPIEV, FHOMMARDO I o — v TR, B2EHTIVa— Sl

W2a—v0rb, Ya— MEEENEL s o— Vi, HRBBORME, F, va— 0K
(CTCTIRIFEBREIES) 258 LTHBELZ0T, 5RAEBETRE2IKRICELLIo-vbdoT 11

Photo. 6. HI{REE&icBIF 2 7 X & LHEhbH Photo. 7. #REF2RHICBI 7 X+0
SO« v a— r DRERRE Foeva— bOFE HERR
(E&ES2HH) (BE3EHB

Bud and shoot formation from epicotyls Bud and shoot formation obtained by

of kunugi (Quercus acutissima) in initial 2nd subculture of juvenile explants of

culture (52 days after beginning of ini- kunugi (Quercus acutissima) (43 days
tial culture). after beginning of 2nd subculture).

BTM, BAP 10uM, NAA 316 uM. BTM, BAP1uM, NAA 0316 uM.



— 54 — B OIS H3605

501 P Standard B S
A é RERE deviation -y } AN
al ) (A K A
& 8 Average No. / \
=5 ’ \
£3 1 \
S / \
JI_ zZ / \
ng B +/ \
a g I/ \\
/
s i0} . N
%4 é—‘+/¢ + N
N NN A &
| 5 10 15 REC¥ Generation
0 100 200 300 400 500 600 3% A ¥ Days subcultured

Fig. 2. 7 2 ¥ FIRoFAERBICk > TR O Y 2 — FAK

Numbers of shoots obtained by successive subculture of epicotyls in kunugi

(Quercus acutissima).

Photo. 8. #REHRIRBIEIZ72¥D
Feva-— b ORE BERRE
(EE 25 HED

Bud and shoot formation obtained by

9th subculture of divided explants in

kunugi (Quercus acutissima) (25 days

after beginning of 9th subculture).

HEARD Y o — v RYIREETES Lo 3K
(ER#3A) oxodbddbdb -k,
TOEIILT, MAFEEL 7 2 ¥ HikEhHR
DB SINHETE Y 2 — F OKOHERIZO WV
T, 107 v— yOEEETEERZE Fig. 2 R
Lzo IREO#REBOKRDLY IINETXY 2
- ML 10 79— ESTA04 2fRETIR A8
£, IRETR 7.3 8L 4Rl 5RBTH
19K AM L, 2L T, S~12RHOEBIc &
>TBONB Y a— MEIRIEEL, FH4H5ELE
Thotio 32 u— v O—ROWRRIIE (20
FHPD 48, Photo. 8 DEBHHEBETEH » 7,
LHL, BRECHRIBED C 5 SHBEHE
THHFEERMSBEONEILYD, I5REBTREAEDH
BRISHEZEL T U & o 7o HEE R - T HRREERD
BHTEVWI - VTHo1, TOEHRMFEOER
3, REEFTOLIAHSHATRVA, Ya—-t+O
BANMMICE -TF L UvyBREL, #328BA

KERELT, FHOBELBOALZOTREVALEEL SN D,

R ELR DK 600 HORMic, BR (7 o0—v) B O INEY - - KR 407T KTH -
2o L& L, Fig. 2 0OEEREEDREINWRT LI/ 0 - VLB NSV FBBHTKREL, 70
— YL TR ISROBMRIEERI, KO-+ LONBTELL - bD0 5, HETIZ 1048
EOYa— b ENHTEL DT TERICKEZREOHS - T,
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Quercus BEHBEOEOHMB 2 - - HBIEBICL 2~/ 27 0T oY~ 3 »OHE (BENNETT
and DAvies, 1986; CuarLupa, 1984 ; CHEVRE et al, 1983 ; FFH » 1145, 1987 ; SAN-JOHE et al.,
1988 ; ViErtez and VIEITEZ, 1980 ; VIEITEZ et al., 1985) Tli, 2~4 » B4, T3 1 F4H
DETEPH (M) - EERETHEMBE L LTV, BRE-SZ0 HIRMEFTREECHAEME L Lk
D, FREVHDTTH B,

CuaLura (1984) &, Qurcus robur OBFBHE KB VT, 4BHOEREMEHEL, BTM kU
WPM Mt K OHREZR LA EERE L, £, Viemez et al. (1985) 2[5 URRET 8 fMH
AR L 7858, GressHorF and Doy (1972) SEHiAPPEN TV B T EER L, AERICE
VT, BV X FOMBEAREGESE L THWT, BTM #itid WPM 2 Bk L - FHERD S,
BTM i@ L TV AT EMRh -0, —BLT BTM ittEHuvi,

Yo — FEEOLBDICHEML - BAP OBIcSWT, CuaLura (1984) i3, 0.2mg/1 (0.89 uM)~
0.8 mg/1 (3.5uM) %ML L, VIEITEZ et al. (1985) BRI A K D{EVEFED 0. 1 mg/1 (0.44 gM)
EZHOVTWLS, AERT, PIRERBICBOLT BAP 2 10¢M Q.25 mg/D) &ML cEdid, va—»
HEO D 0SKRERICIRTI M 0.225mg/D) 7@ 3.16¢M (0.711meg/D 2FEMLI, T
BAP O#E 3, CuarLupa (1984) H@M & L7
ELRIERILTS %,

BREBOKN~5080MIcBT 5, 1uM
% 7:133.16 uM #E D BAP %Mz 7/ BTM #5ih
T}, Ya— AKX oy REEIT IS 6D
B, o, 25mm B EHRELY 2 — ML
RIS TREICHEDL .

i NELIY=—ro0REEIE

I~5 ROBRBECNEL v 2~ i, 20
Bhbisd, ho, 7u-vYkhDoNs v ik
- T, +ARRBRBEMD Db -1, £CT,
IBA & NAA A2FHh 700, 1uM D 2KEDE
BETHAADbEIY, 5VIEMEZO. 316, 1uM
D 2 KEOHEE TH ALY BTM Btz B,

iBA 0.316 | 0.316 I (uM)

sa—rMin 1~2FKDY - b EX LD, NAA 0.315 0.316 | I (M)
D Do 0~T0% DREREHBONIL, Va '
R s 6 DRRHI Photo. 9. i 2 RECEBONL S R+
— FMEDORBHRE, 1~3AKcEEE S Y2 — b5 DRAR
o, 1987) (Photo. 9). (EE OB
CREDUREEEICEVT, 70— v47-0 12 Rooting from shoots. derived from .2n.d
. subcultures of kunugi (Quercus acutissi-
AULDY 2 - bBFOALS 7B - YIEDOVT, ma) (60 days after beginning of culture).

NAA (0.1pxM) 2R /25 2T, IBA % 4 K#E HHi Medium : BTM.
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DRE (0.316, 1, 3.16 XU 10uM) THRML 7z BTM EH#fiic & Lo, & Lo} 60 BHRORER
% Table4 kR LT, TOF— %% MosTeLLER and YouTz (1961) ORTEREHRL DB, 4
A LR, IBA OBBEOMIREEESED ORI, o108, 70— VHlITid 1.0% KETHE
PEASEES 5417z, Table 4 55 6515 & 5 ic BTM B iNA 7= IBA OREHR, LB, SH
BECRZICONTPPREESFTE 2ERAIERLLY, HFHOCRIERTEL -, UL, &5
KEBBORB I o—VvETH o7 FHLESZ7o9-vD55, 27 0—vRPPEVRERLRL,
270 —VIRIREAERIRLED -1,

RoT, TREOHRIEE L -Tilashky - 2AVT, RIBRBET-7/0 TITHLE
FEg, BTM, WPM OEH0MEES & v BOREE 1/2 c#ly, B8RS ELTIF -1/ v
P, MEFT I EZOF VBROAMALEMTH B, £ —+ v i NAA (0.316 u.M) & IBA
O2REOEE (1, 3.16uM) LEHMaabEi, L2 45 BROFEHERE Table 5 1281,
2FEEORIBRSB SN, 1/2 WPM il IBA % 1M, £7133.16 M OBETINAS
BORIBRIIF, >72, L L, 1/2BTM iz IBA % 1M, £7:133.16 uM B L 182113,
EDso—vEPPEVRIBRER L, ¥a— k) ORBEKIII~5 KT -7 (Photo. 10), 7
REOHEBETHBL:6 70— DY 2— + OFRIRE%, MosteLLER and Yourz (1961) DX TEK
EBRUILF - 7208 LicksR%E Table 6 (R L7, oSS IBA OBERICIZIEERED
Bpohikcd, 7o-vCREBENSONKEL -, THbE, 1/2BTM ik v & 1/2 WPM
EHARBICENTH D, £, IBA ORI 1M L0 63 16 M DEE TRIBREE VLT &5,
Zatrc s o,

REBLIYa—bOPHLDIY, =S54 EN—3Fa54 %11 TEYEHALTEoDEY
iz, BRBREBIEHVEY A - EBEL TEBEKT BV, BIBLAY2 - 1i390% L0

Table 4. UEBRERETEOSNKL I XF L 2 — P ORIBRICKIFS IBA OHE (BTM E#)
Influence of IBA on rooting of shoots derived from 6th subculture in kunugi (Quercus acu-
tissima) (BTM medium)

ZEiBE Rooting rates (%)
IBA -
(uM) 7 v — %% Clone No.
No. 1 No. 2 No. 3 No. 4 No. 8

0.316 12.5 50.0 0.0 0.0 0.0
1 25.0 60.0 0.0 0.0 0.0
3.16 25.0 80.0 33.3 0.0 0.0
10 25,0 80.0 100.0 0.0 20.0
gty o — Mg/

No. of shoots used 8 10 3 4 5
/treatment

TRTDEMIC0.14M D NAA 28,
All media were supplemented with 0.1 4 M of NAA.
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Table 5. 7 X ¥ LRO#RERETRETEOH Y 2 — FORBICEEITEMOBEE A -F L VB
EoshR

Effects of kind of medium and auxin concentration on rooting rates of shoots derived from
Tth subcultures in kunugi (Quercus acutissima)

MY EFETYE ZIR#E Rooting rates (%)
£ Plant growth regulators Ny
Medium NAA IBA s o-— v%% Clone No.
(M) (uM) No.1 | No.2 | No.4 | No. 6 | No. 7| No. 8
50. 76.0 12,5 75. .0 .
1/2 BTM 0.316 1 0 01 % 0.0
3.16 100.0 | 100.0 67.5 75.0 50,0 | 100.0
1 100.0 | 100.0 67,5 | 100.0 | 100.0 | 100.0
M
1/2Wp 0.316 3.16 100.0 | 100.0 | 100.0 75.0 | 100.0 | 100,0
B 2 — B/ 0
No. of shoots used/treatment 8 14 8 4 2 4

Photo. 10. #REEXTREATHOLNAIXF a1 HLORIR (ER4ASBEE)
Rooting from shoots derived from Tth subcultures of kunugi (Quercus acutissima)
(45 days after beginning of culture).

K Medium : 1/2 WPM.
*—%v > Auxins: IBA 1M, NAA 0316 uM,

BEEZ L, ChEWLT, BOHTWE VY 2~ F dEEERLFIRT 2 2 &2 (L 72 (Photo.
1D,

3.2 BERENESSH Y HHlnEkORRNSDBEME

TR, YIAUADR T ABNBRGEMEEHVT, TORBEBEOTBEEREL /o

(1) ¥H&FHE

BHRBAOTFEFE _BABRCHEBINTVE Y 5 H VKO HBELE 2R, Sarro and Ibe
(1985a) iz & » THR SN, WE MS EMA2HWAHEBEEOBRELITY, EBOREFHRKEE



Table 6. MR 7TREIREGONI I 2F V2 — + ORBROPHIT

P2 X NS R e ey

5360 5

Analysis of variances of rooting rates of shoots derived from 7th subcultures in kunugi
(Quercus acutissima)

Factor df SS MS F P
A : Medium 2542.08 2542 .05 15,965 **
B : IBA 975, 36 975.38 6.126 *
C : Clone 1261.08 252,21 1.584 ns
AXB 1120.66 1120.66 7.038 *
Error 15 2388.45 159,23
Total 23 8 287.59

7 — %% MosteLLer and Yourz (1961) O X 6=1/2 {arc sin A x/n+l+arc sin ¥ x+1/n+ 1}

(ZTT, x=@I#, n=#3¥ itk ->TLMH,

Data were transformed by MosTeLLEr and Youtz (1961)’s formula, ¢ =1/2 { arc sin ~ x/n+1+arc

sin ¥x+1/n+1} (where x=number of successes observed, n=sample size).
B LOBKETHE
Significant at 1.0% level

ns: AEHELL

No significant

*: 5B KETHE

Significant at 5% level

Photo. 11.

Blftho 7 X FHA
Kunugi (Quercus acutissima) seedlings under habituation.
Edz = R S B S EPA RN P I N N S

Soil used : Perlite 1 + Vermiculite 1.

o THLESLICH I ABATEEL, ERMKSE, H3LARCES I~5BUCEF L 2MEY
EREANEZIHOHE & Ui, IEMEADOETE» SHA T, 1~4 EHOHH SHTL 2EDER

(B&1.0~2.0cm) RUHIRZEH (BX0.8~1.0cm) 2HEENICUI 0B - THREIKE L/,

IIT, To0HERE HOEMERRLI, ¥7, EREEICL3EEFEREICRIET Fe-

=

51

EDTA (Ferric monosodium ethylenediaminetetraacetate) D EBE O RERFT § 3 12 9,
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Sarro and Ipe (1985b) i &~ THLE &z IS Bl DFe-EDTA OE%, 5.6, 32.1, 58.6, RO
85.0mg/l ICZE L -EMAHER L, 7L TERFROEMIZ, 5.54M © BAP & 0.316 4M ©
NAA 2L, EHERBREIC 15ml $THEL, FHECXDMEBEEL 7,

Wi, #5ABATHBEERL LY 50 v EMEOER, RUHIMZ#ED > OMEREFHICK
139 BAP & IAA Ok E VHROBEERS L1, BIROERD S, EROHEZFEERYICITHL
%2 bhnt:42. 1mg/l © Fe-EDTA %A 7. %Z IS i, BAP % 1 uM %/ 3.16 uM, NAA
EEAEME 0.1 oM BMOMABDETAIEOEM B ML 7o, EHIRIFEBREIC 15m] »THHE
L, BECEIOMERRL 2. ROT, FHLAHEEELSHBHE L CTHROBREEEET 5100
12, 3.16uM @ BAP & 0.1u4M @ TAA %2MA 7 IS HEAEME, 100ml 77 2312 50 ml T4
L TEETIESREL o,

LD > 0EBRTR, SYEMEOXETE, SKA T 1~4 FHOBENR U £ 0fio FoRiXi o
QEEOAHMGE, 57 v HBEBICHE - TEEROZNTH 4 BHORMICE D 23, ERIITH
o O% 2~3 mm OFxicEMicx U, Zidss Lok Ric@RL 7,

IhoOBERGE, BES000 /vy 7 AOHKITF, B 16 K, 25°C ofdidd L.

2 HRIER

i HMIRRERYICKIFZT Fe-EDTA B & ERIZENE 0%

HZ IS EHMid Fe-EDTA OEEAZ A, BAP %25 5uM, NAA % 0.3164M A g tTo
R, HEEBG®% 20~25 HoRicEMicEA > 2y OBEARL, BeclR&EEEERL 72,
HEBALGE 45 A H O HRFERETEER, Table T LB TH -2,

Table 7 O¥fli% MosTELLER and Yourz (1961) ORX TEKEHR L THEIT L 2558 %, Table
8 iziBif 7z, Fe-EDTA OBEMIcI}, 5% KETHEMMNRD S, L L, EWHOFEMBEICK

Table 7. ¥ 74H v "OHRFEEFRICKITT Fe-EDTA OBE L ERBEEMBOHR
Effects of concentrations of Fe-EDTA in medium and petiole position on the initiation of
shoot primordia on cultured petioles in shirakanba (Betula platyphylla var. japonica)

Fe-EDTA O . HRRELE .
Concentration Induction rates of shoot primordia (%)
of FerSDTA TR & D RO brE T 1
£ Position of petiole from stem apex Mean
st 2nd 3rd 4th
5.6 2.0 50.0 0.0 20.0 22,5
32,1 50.0 40.0 50.0 80.0 58.0
58,6 50.0 75.0 40.0 50.0 53.8
85.0 0.0 0.0 0.0 0.0 0.0
15 Mean 30.0 41,2 22.5 37.8

ABOERICERBEENEBEL 2D 20 BT SBR Lo §RTOREMICS. 5 MO BAP & 0.316 uM D NAA £MMA 1<,
For each of the four different media, 80 sections were positioned (20 sections per position of petiole). Each con-
centration of FeEDTA was combined with 5.5 u#M of BAP and 0.316 u M of NAA.
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Table 8. ¥ 7# V" "OERZRCH T HHSFEERBICRIZST Fe-EDTA OBEMROIRST
Analysis of variances of petiole explant position and concentration of Fe- EDTA on shoot
primordia formation rates on cultured petiole in shirakanba (Betula platyphylla var. japo-
nica)

Factor df SS MS F P
EROEENE 3 447.80 149,27 1.25 ns
Position of petioles
Fe- EDTA O&E 3 3704.41 1234.80 10.36 *
Conc. of Fe-EDTA
;2% Error 9 1072.92 119.21
2k Total 15 5225.14

7' — % i MosteLLer and Yourz (1961) DX 6 =1/2 { arc sin ¥x/n+1+arc sin Vx+1/n+1)
k> TEMERLI,

Data were transformed by MosteLLEr and Yourz (1961)’'s formula, 8 =1/2 {arc sin ¥x/n+1
+arc sin ¥x+1/n+1}.

ns : HEH L No significant *: 5% KEETHE Significant at 5% level

3 HERAERERCIERERRD Shiid -1,

Fe-EDTA % 85.0mg/1 A 2% IS E#iTi, EMoUvOoERKEI2L A#50nd, BEFEE
OFEBRIABONUD 5T, THISHLT, 5.6, 32.1 RV 58.6mg/l D 3EBED Fe-EDTA %288
HE IS BEHOEROYI ) DAL, ¥BREE - IBEOHERELIR L 2o AHEKOHEEE
DR, Fe-EDTA % 32. 1 mg/l ZL M 55.0% THREEFL, KWT, 58.6mg/l 28
HMiTE53.8% LB, 5.6mg/l 2STEMTIZ22.5% LKL B -t EHOBEMBEIC X BH%
REOEBRRL, 22.5~41 2% Oo@HERL, THREREREVEVRZEDL - K,

YIHYNDH T ABNERYEMROERESEE L Lo &, BZFEOERICKRIITHE IS
i o Fe-EDTA O #&Ei3, 32.1~58.6 mg/l DEIC & » 72, Sarro and IpE (1985b) 13, Fe-
EDTA % 85.0mg/l EUEHTHAD S - LERSBIC X 2 HRFEOTFBR CHEYEELE ISR
Lo L LAERTIE, RUEBED Fe-EDTA #MA IS THAREORENTEL,L -/, T
DL, BROEWMOERICL-T, BRBEELFHTE S Fe-EDTA OEEL, /5 2BNTH
R L7, $iHEVEOERORBICL 3 HARERMICEL /- Fe-EDTA 0BE LR, BUL I L4R
Licb o &Bbh b, SHEYED» S - BEHE, BBELTHRREBEHFEET 50, K& IS it
IIA % Fe-EDTA O &3, 32.1~58 6 mg/l DPEICL 42. 1 mg/l (0.1 mM) AEREEZ >
hto »

i v I Ay NOERE ZMAREKOHRFEER R U ERERBICKIE T BAP & IAA OHR

HIEOERICE VT, YTHEYMEOERAMEGED SHRFEEFEST IHICE, K&K IS Htucmi 3
Fe-EDTA O# B3 42. 1mg/l LHEI NI, FKBR T, O Fe-EDTA OBEMA & IS
Bz, BAP (1M RU3.16uM) & JAA ARV 0.1pxM) 24la&bH, 75 2BNERY S
A YN R OERN L EHONREEER L 7o, HEST BHIBY 5 HEFEOKREE Table 9



BIARDERE « # AV 2EBROBEBITIF (K - 61 —

Table 9. ¥ 74 v "OERRFEHOEHZRERRICKIZT BAP & IAA BEOYR
Effects of concentration of BAP and IAA on the initiation of shoot primordium formation
on petiole and stem internode explants in shirakanba (Betula platyphylla var. japonica)

itk Explant ' T W x L
Petioles Stem internode segments

H&ER Shoot

primordium ¥ B B K& & i A A& S
% of initiation Size % of initiation Size
BAP (uM) N\ IAA(uM) %) %

1 0 0.0 - 25,0 Small
1 1 25.0 Larger 25.0 Larger
3.16 o] 75.0 Largest 50.0 Larger
3.16 1 100.0 Small 100.0 Small

W, oAk rehTh12 @ >4 EEOEMICER Lz, T TOREMICI 42.1 mg/l © Fe EDTA %22
o

Twelve sections each of petiole and stem internode segment were inoculated on each of the four different media
which also contained 42.1 mg/l of Fe- EDTA.

AL, CORDHERELRRELHERL
DHIHEHIE Lo & A, AREBICHWERSE
ZMoOmA & b, BAP RUIAA ORI 1.0%
KETHEMERD B LN TE,
HEREOERER, B+ LVE Y ORELHSL
BbHicL-TRE -/, THbE, 3.16uM D
BAP & 1uM @ JAA LE&BEMLULERTIE, E
W, il b CHRKREOERER 100% TH-1:
», TORESERNSEBEELL, BAP %
3.16 uM MA, TAA Z2RWIEMTE, msEE
EBIMIEFOIERBERL, EROOKZVEE
FHEMNEK & 1L 7c(Photo. 12)o BAP % 1uM
A1 BT R ERFEEOHREH P PE N,
TAA 2RV EHIT C OFEHED - 72,
HREE,»OEHELFME X ¥ 2729, BAP %  Photo. 12. HZE IS M ETY 54 v ~EH
3.164M & TAA £0.1 M A% IS HAsIC, %i;?ﬁﬁ;“tﬁ%ﬁgm
HRFEETNTNBMEICEIL THERE L7 Differentiation of initial shoot primor-
ZOEE% Table 10 (2R L1, EWANMEAE L dium clumps on the base of a shirakanba
< BAP % 3.16 uM A, [AA %E -3 IS (Betula platyphylla var. japonica) peti-
ole explant (57 days after inoculation in
B THY L 2 HRFE%E, BAP £3.16uM & o4ified IS medium).
IAA 2 0. 1M ML IS EABERICHEMAL T  BAPII6uM, NAAOuM.
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Table 10. ¥ 74 v <K EICERL LHERELOHR LIV 2 — MK
Numbers of elongated shoots from shoot primordium developed on explants in shirakanba
(Betula platyphylla var. japonica)

HEREFTICH V25O ESEE:5E 300 Va— AR/ EERFEE
BAP & TAA DEE* . . .
Concentration of BAP and | Medium for shoot No. of shoots/shoot primordium
IAA in medium used for shoot| primordia culture™
primordium formation*
T W 1A 1
Petiole Stem internode
BAP(uM) TAA(xM)  [BAP(«M) [TAA(uM) segment
TRTEBE T /IS
1 0 — All turned brown or
died
3.16 0.1 | 9NTHREE 365
1 0.1 All turned brown or 42 O
died
3.16 6] 28.3 37.2
3.16 0.1 7.7 14.0

*  142.1mg/l © Fe-EDTA AT M T 57 AMIEE,

Cultured for 57 days on the medium obtaining 42.1 mg/] of Fe-EDTA.
** 1 5.6mg/l D Fe-EDTA 23T T 35 AMEEE,

Cultured for 35 days on the medium containing 5.6 mg/l of Fe—EDTA.
Yo - MARD D OBMTHEBIICEE I LRBEL L bORE LGN

Shoots turned brown and died while being cultured on the medium for shoot elongation.

3BEAMEELAKOEEY 2 — P AKIZ 8.34TH -0 <A, XMz iEEks LAIBADE
By a— MU, 37.2KTH -k (Photo. 13), CHICHL T, IAA ZMALKE IS BHITCH
FREFELT - 1BEWE, Ya— PEAEMPRPLUNY, EREMEARE L2 ICRTTA X
HTIE14. 0K TH - 72,
i 2B, BEOARBERCEY A2EN Y o — VEEOBESN
ok SiclTEonicya— g, %E MS (Sarro and Ipk, 1985 b) EHIEHWTABICR
BT 50, HEHORMMVERNS 2, COkod, BEILARCBEYVERT, EEE 2~3%E-
Fhbya—-rZHEEISTTEETIL4ENDHS (Photo. 14)e COLIKKLT, EHOBERE
ORVEBX ¥ 5 h v iz 85 cdicid, HEREFH Y LSMH, va- POREICH 1A,
RIBEEREICH 2, H, BEBELTRERBEBERICWLIAALMEELT, St6»ABLETS B,
Table 10 DFERICL - T, 140K 7 RBRHEYED S 4 HOEHEB THET 5 LT,
4 GEREO < 0. 75 (HZRFEHRR) X 28 (v a— FEUER) =84 & (v 2 — M D
LY, BAADY 2 — MO N5, FEHEEE 0% LThiE, RIBYERETAEN B, 67 ADYE
VA2 EBSHTHU 4 BAS TOEREBCERET 2L T0hE, 2ROEBICE - T, 4500 KD
Bohz,
67 (WIRDHTEEO x4 GEWED X 0. 75 (HRBFERE) <28 (v a2 — + /HEIR)
x 0. 80 (GEARF) =4 502 (HHEO
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Photo. 13. ZEIL/-HHREESRD SREME LY A v "Dy a—+ (ISEEMT I HE)
Shoot elongation following culture of divided clumps of shoot primordium in
shirakanba (Betula platyphylla var. japonica) (35 days after inoculation in IS
medium).

BAP 3.16 4 M, TAA 0.1 uM.

Photo. 14. FBEE Ly 54 v g
Rooted and elongated shirakanba (Betula platyphylla var. japonica) plantlets.

THbY, 1ADH I ABNBR Y 75 v OEPEOEFARES, S 1 EROERIc L - T, i
SO 4500 A& B,

FLAEICEL - T, 1 ZOYEMEOZED S 1 ERT 3500 AORBHEE SN BRI 5,
H-T, #73ABHOYH 1E»S60ATEDO2ROERBICE-T, AHS000 A0HEHBE LN
BEHEICL B (SATO et al., 1986),
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RBBLABRRE, =5 A bEN—31F2534 21 1ICEFTEY FiCoBbDICHIEL, 7
rA Oy~ AROEBEEKFCEOTHIEL 72, BIMEPORIE%: Photo. 15 iK/aRL, ZhoxHHA
IR L 7858 % Photo. 16 2R L7,

Photo. 15. Bl{bL2>2& % v 5 4 v < 4ikEH
Shirakanba (Betula platyphylla var. japonica) plantlets which are

being habituated in soil.
fFREL Y~ 4 bF 1+2¥— 3% a2 54 b 1, Soil used : Perlite 1 + Vermiculite 1.

o
a
o
n

Photo. 16. #EHBETHR S Wi > 54 ¥ Y OHEEK
Field planted shirakanba (Betula platyphylla var. japonica) trees
which were obtained through tissue culture.
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3.3 YFIHISRUIIERFBENSDRESL

FRE TR, KEEEBBRBEELAVT, v+ 147 5&7 R FORAH» SEEIL - HFEOREE I &
52— OKEBEEEAA,

3.31 vF3i¥s3

(1 MEEAR

BB AT RFALEZHEZEREOY 7 SERRICEEERE N TV S v+ 3 ¥ 2 5 (Prunus pseu-
docerasus) D%, BILAITHMPBEEGRE ST Z2LIATICENL, EBREICELF->T/KEL L1, K
& LBAAK 50 Hikic, ERTEL SR L FHEARG S L TR 12, MELHHE, REE
FBv— % (NaClO, AEFE 4 %) Wi 5 HHRBBREL 0L, BEKT IRV L TERER
BL, 7)) - rRryFROBHEME L TRE L 2o BE L 2FH (Eih) %, Exouremizsduizl
TEX 2 0cm AR UM L CAHEE S L,

PIREEEICIR, BAP DO, 1, 3.16 R 104M @ 4 BEKES, IBA © 0 RV 0.316 uM 0 2 8
Bk L 2MAAbE L8O WS 2 HEL 2, SEHONHE Z0 20 10 KOFKBREIC 15ml
HTHEL, BFECLIOMESEEL 2, 80 HOMAESEEEIBREIC 147>, THRULOEH 5 mm
EEiEic s Lo,

FRIE B 30 Bk, FIUMRoEHIC, BF,GMELLFELR Y2 -1 2BHELT, 1REBD
BREBEEIT- 7o COLZOEBRAR, SRERUOmM] 75 223%H01, 1 RBOBNAIERI
BESOHE L, BBLAFTLRYa—rthoMHEL Y2 — PEERALL KW T, 1IREO#
REBTHONLY2—1+DH3 B, BES 15mm HUboboZux: 2 REOMRERICHV, 22T
i3, BAP B3 0.316, 1, 3. 16 RU 10pzM @ 47k & L, IBA 3 1REEFLFEIL 2KkET,
MHEAHASDYE L SEHO L E VRO WS ez o/, M3 100ml 7 3 2 312 40 ml
HTHEL, BHRECLoMEREL:, £ L TE#50 HEO Y 2 — +EERETEN

2REOHRERETEOh LY 2— D55, BES15mm LOobD%, IBA £0.316 7243 1 M
OEETA 7z WS, MS KU WPM @ 3#cx Loidt, 50ml ©=fH7 5 2 3ici#% 30 ml
HTHEL, FECIDMEHEL THO I,

Dltok#sutid, MES000 vy 7 XOERATT, BE 168R, 25°C 0@ & L1,

2) #RLER

BAP & IBA BE2Ric Lz S EEO WS H#c s Lo - 9MUE % 30 Dk o ST, XihHH
D 80% BLED SERME Ll Lrl, E0EEALE L AOEiDD 1 HOEL I OMF « HE
im& &g 0, BAP 2RVAEMTIR, BAP 2WA ilic T Z DR /N EHh -1,

VBEHERM, SHULFLTEVE - T, OREEOEMEEU L€ VMO WS B
FEL, 50 HRRERIEEL 72, HEELED T 20~30 HOMBHEAOEROBER M SF LW« v a -
FHRELIR LS, HESIHEDOHE « v 2 — F OFARRE, Table 11 R Photo. 17 KR L 2,
BAP #MA L WEHITIE v 2 — P OBREIRA2 <, BAP % 1uM, &L < 133.16 uM OEEE T
AR TOREY 2 — PEMELHY, TAXDBEOEV 10 gM TRFEEA Y 2 — PP
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Table 11. ¥+ I¥ 77D va— FRERKCRIITERELS 7 2ER L BAP BEOEE (1 REO#KNK
BE)

Influences of culture vessels and concentration of BAP on shoot formation in shinamiza-

kura (Prunus pseudo- cerasus)(1st subculture)

¥ 2 — A Numbers of shoots

EENS AH —
Culture vessel IBA («M) BAP (M)

0 1 3.16 10
18 mm X 180 mm HABRE 0 1.0+0.0 | 5.8*1.5 | 6.3+1.3 | 3.3*2.6
18 mm X 180 mm test tube 3.16 1.0%0.0 7.5+1.9 5.0+2.5 3.3+L85
50ml flask 3.16 1.0£0.0 | 6.8t2.0 | 7.5+3.2 | 6.2*1.5

BFRFEY . - P ABRIBEERZE,

Figures : average number of shoots*tstandard deviation

HEE

Test tubes

77 A3
Flasks

0 | 3.16 10 (uM)

BAP

Photo. 17. Y+ 34/ SOEBIHEH LT ABADEWVIIL S v 2 — REKRRDOE
Difference of shoot formation between test tube and flask cultures in shinami-

zakura (Prunus pseudo-cerasus).

{1t
DY a— b REBOABITOER % Table 12 ok L. BREE 1B v 2 — FBEAML,
BBCOCERALAY S ZBEOBIC1.0% KT, 7/ BAP BERIC0.1% KETHEESBDH SN
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720

BESS ABHEHOBVILLE Y a2~ OREROZEHS»T, BAP 2MAEHTHE, RRET
HELALZLDE, 7S52TEBLALZZEROY 2 - FMFHEAE L, BAP % 10u4M A
LEiya— PEOEOT sERIR, ABRECEBELLBSCEECAON, 7523 TEBLIZLE
KIREEE TR, oo, IBA OBRIIFSH TR - 120

2RH®D 50 HEO#RIEE T, Fig. 3 DR %28, BAP ERBE® 0.316 «M &, BEED 10
M EEiTiR, BHEE LAY DO Y 2~ F RERIRTY 6 KB TH - /b (Photo. 18), BAP #¢
FEED 1 oM RT3 16 uM OIEHTRIFEE 10~12F B RE L, IBA OHMBRRESH T,
CITHELLYa—rOES%®, B (EE 5mm LB, P EE15~8mm), RU%E (EE 8mm
PIF) s TG, BAP 2BVEBETHALEHTR, RyWya- rBRE(, Bova-

Table 12. Y+ I¥ 27 50V a— FREKIKRIITHEERE LAYRESTMEREOYREOSB I
Analysis of variances of influences in numbers of shoot formation on two kind culture
vessels and plant growth regulators in shinamizakura (Prunus pseudo- cerasus)

Factor df SS MS F P
1 RRSE Culture vessel 1 10. 401 10, 401 10. 767 ok
BAP 98,643 32,881 34.038 *hk
IBA 1 0. 456 0. 456 0.472 ns
Error 10 9,660 0.966
Total 15 119,160
ns . AEMAIL O LOBKETHRE O 0ABKRETHER
No significant Significant at 1.0% level Significant at 0.1% level
g
7
® -
i 1 N IBAG316uM
A é 10F s~ —— \\
S 2 NN, mERE
W3 ’ AN \ -
< 7 b N Standard deviation
g 2 A BA™N_ | TAN
<~ s L 17707 I
| QE) + Average number
1B
A\ s 5
» °
xZ
’ i
0.316 3.16 10 uM
BAP
Fig.3. ¥+ 34730y a— rMHUicRkIEd BAP & IBA o#R

Effects of BAP and IBA on the shoot formation in shinamizakura

(Prunus pseudo-cerasus).
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Photo. 18. ¥+ 3#4 50D 2 — MERI 1 BOEEY 2 -t SNEI I
TEDY 2 —H)

Proliferating state of shooting in shinamizakura (Prunus pseudo-cerasus)

(harvested 7 shoots from a cultured shoot).

FOEDRCRELZOICHLT, PLEBET BAP 2MALEMTR, Bhya— b,
Wy a—tBERE L, JOEREIIE IBA 2MABESKEC RN, #R2ARBoY2 -+ D
RAEABEHIEL 2R 12, BAP ORI 5% KETEY Sk, [BA OMBRIEBDH SN
o tz,

UL 7oy 2 — P AFBE R B0, 0.316 kM F7243 1 M © IBA £MmA - WS, MS k¥ WPM
BEfic s Lo, BEEBIVFROEMTS 90% ULEER LI, MERER WS BHTPPART
b, MS, WPM Rt ©id & < BRE L7 (Photo. 19),

3.3.2 sx¥

(1) #eEEHHk:

i MR

HFHLATEROBABRICHBRZN TV B11EAE 7 X ¥ (Quercus acutissima) K5 ® 2~3 Hikh
5, 5 A& 8 H hic M AR E L, MEE L, Thoh SARELARL, WEFORFH
BRERETEMOBOEZREL 12, AlER, & EoFER 2dulicl szt TZhEhlem
NADE S K.Yy, EEAVVBTTERLIEZBEITY TRICH 5L 5 BB L (Photo.
20),

wiz, EFROERMICHBL I TVE 11 FEED 7 X F¥OH>EARL BAEREY, N 1m OFST
A0 LTS g, PEELAEE 2ERMPE S Y, ZoBb o & L 1 SEEMERER L/, C
oMk, BEHENOBRFOMEREOREV LERORFEOHEREICHV I, AAOHBERFIBROHS
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Photo. 19. ¥ #Y¥F 75Dy a— b ORKEERIR
Shoot elongation and rooting in culture of shinamizakura (Prunus

pseudo-cerasus).
Ed s WS, MS R WPM IEith, From left to right : WS, MS and WPM medium.

Photo. 20. 7 X FERAD YA & 58U 7oA
Current year twig and explants prepared from the twig in kunugi (Quercus
acutissima).
b MESEH, Upper: Current year twig. F : Ak, Lower: Explant prepared.
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LRILTH B,

AL ARG, 0% x5/ -V 1 HHERELLOS, EOERR0.5% £/2131.0% ORE
R — S 15 530, ML UL SRR L TRERBEEIT - oo BEREKTI~5E¥K-720b,
7Y =y Ry FROBEME ETEREL o Y1003 250, BERTHARZBAEMVEL 1.

IR &ICE BTM, WPM, ER (%% MS), %723 m.H (X% Hewer) 12/, BAP %
1uM £7/133.16 uM DO BE, NAA % 0.316 uM O BETHASADEMA 7o, BHIRBRE 15
ml THEL, FECIOMEREL . AEEIER L LEREIC, AMEo THRVIDO%45
mm OEIIKE Lo,

PREROREBSRME, BE3000 Ly 7 ZOAELTF, BE 166/, 25°C ofgB & L1,

i REREE

PRERICBVWT, ZMABEORIEMNEEEL, EA» S5 a— b2 15mm D EMELL L X,
EMAHES» S Y 2 — b OHEY DI - TRIVSEZBAB L 7 L L, BARS 1~2 8RR ICTREY» 5
BEHFETEYa— 0B ol, 2IT, B1AKUEHRICRY, BFY - PHPEELTVAAE
EOE#HE, Ya—-+rEPRLRLUTETF Imm BFoU0KRL, ToEEMIEREMAcIBE 218E
KA - 3L, HAEEEETAILICULL, 2RE» S, | REKREEOAEKOREE, £
BTROANV2EBRELUFHREBEL I

AR IFNTHOEEYGE 35~55 &L, Ya— FDHERESZALHLBOELBEL .
ZOEFE L 5em LDy o — + 2H L TRIREBICEID YT, v a— b EROFELR- oK%,
ANZEVOBROTHERE L, MRIEEOREME LT, BTM, WPM OfiiSHI & L LERENE L1
WhoteDT, TOIHOORMMEKAEZNENERL T, MASDELRSOEME BW 5t & &
i, 3.16 M @ BAP & 1uM @ NAA L 2MABDETHW, /1, LY 2 - OREA
B, 7 X FFEL O LRMEROY 2 — F ORIRICIVERSBE SN, 1/28E0 WPM (1/2
BEOEERS+10g/l O 28+10mg/l 32 —4/ ¥ b—A+1mg/l EEF 7 3~ +0.5mg/]
=aF VB K, IBA £3.16 M &, NAA %0.316 uM &2 ADETHEMLAbDZEHL
120

wic, MRNEE 1 ~KNROMIZ, BHELALY2— tHBEELORXR 20U 2B LTHET S H0H
20T, 37, #RI1IKREICBTZHERZEC SRV E S REtoESR, Hic BW o msss
DI L BRI OVWTREIT LK, T7ibb,

O #x7ov2AEEIRENSZELELONS Ca DM

@ RULK S oRom

@ Hv—20RORED 5 VIRIEHICHREDHEEEL 505 Mg & Fe OBDBRF
D3 FHIC OV T, BW IO BRI S OMREEL LEREHEL, IREETE v a—t+ %
220 JURAN

BRI RBIEMIZ 200 m] ON4 47352200 60ml HT, RIBABEMIIZ 100m] =M 7 5 2 21 45
ml HTHEL, EECLOMTEHABE Lo ThSOEERMFIZFES0 VY 7 ZOKATTF, HE
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16 BfE, 25°C OfEE & L7,

(2) FERLER

i MR

7 R ERRAROYEEFEAEAE LT, 1uM £4123.16¢M © BAP &, 0.316 uM @ NAA &
##laBb¥MA - BTM, WPM, ER (&& MS), /i3 m.H L TORFY = — b ORI MES
%, Table 13 127k L7, BRIEMICH A 2 724 F G, BE 10~20 B ICERO M RIc#E%
L, BEEOEROZMBFSGUEY (Photo. 21), 30~45 BTy = — POES 13 16~25
mm IZZ L7 (Photo. 22),

Table 13 278 Lok 90z, HBIC L 2 AMAOTERRIZ, 5 ARNOMM T 40% LIT ToREH
o tehs, 8 HIRIOMENIRE 68% KL, Thids HRMOBA, —FCihE L NEERKR,
HMELEDTHOM I BOBAKERRICISaNA0kH LT, 8 HEROK ISR ME L
Bicted, FRENZETORBYMA 1 »ALLEEEC BT E, £, ATENE, HEOKHE
BBABC ERERT2DEEZONh D, £k, BRIFO 6~T7 HORKEE OBICIIL 1280
BHEIZIEEA SRS, BEONEES2BohED -1,

HELAREBEICH LT, By a— B - iR (15 mm BlE) LAEEBOESE (B

Table 13. 7 X ¥FEHAROHIFLBRICH T M3 v 2 — P OBFHERICRITREMMBROHE
Effects of medium compositions on rates of elongated axillary buds in explants derived
from mature trees in kunugi (Quercus acutissima)

BHAR B AREEE VIR SR | B - Rk | BFEMER
Collection | Medium |BAP No. of Percent of | ## SEER Rate of
date (uM) | explants | contami- No. of No. of elon elongated
nation explants | gated buds |buds
survived (%)
BTM 1 40 30.0 2 12 42.9
3.16 40 17.8 33 16 48,5
WPM 1 40 32.% 27 15 55,5
May 12
3.16 40 27.5 29 14 438.3
ER 1 40 40.0 24 8 33.3
3.16 40 20.0 32 8 25.0
BTM 1 50 58.0 21 13 61.98
3.16 50 42.0 29 20 69.0
WPM 1 50 £8.0 21 11 B2.4
Aug. 10
3.16 50 42.0 29 16 B5.2
m. H 1 50 48.0 26 12 24,0
3.16 50 68.0 16 5 3l1.3

BTM ! Broad-leaved tree medium, WPM . Woody plant medium, ER : & (modified) MURASHIGE and
Sk00G's medium, and m. H : % (modified) HELLER medium.
TRTOEMIC0.316 #M D NAA 283, All media were supplemented with 0.316 #M of NAA.
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Photo. 21. 7 X FRADHEED, SHMELKF EHEISBH
Elongation of an axillary bud excised from explant in mature trees in kunugi
(Quercus acutissima) (15 days after beginning of initial culture).

Photo. 22. 7 X ¥BAOHHEEOFRERICEY 2WFY - — FORE GEE 465 HE)
Axillary shoot formation from explants of mature trees in initial culture in
kunugi (Quercus acutissima) (45 days after beginning of initial culture).

FHER) 3, BHoBHCIIEIBRVWAERONL, 5HE 8 A OmREEHE &1, m H RU
ER Bz 0 &, BTM /i WPM Bt W T WERBER LA, £/, BAP OBEROME
MERRE, 5 BRNOME T 1ueM Bk » & 3.16 yM BRI BV TERTH 50, 8 A
FHOMKTRYPRBRIFEL TV, Jhid, HEORE LV E Y OB ORRIZ L > TR
HEkDEEILONE,

Kic, AREEE R - EAROBEMERDE VA Table 14 iiBif 2. FiR Lk 5 BEEIc-
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Table 14. 7 X FEARDHEFEEICE T 2HFMERO MEMZE

Individual difference of elongation rates of axillary bud culture from mature trees in

kunugi (Quercus acutissima)

B3R Elongation rates of axillary bud (%)

B BAP —
Medium (#M) 15K 25K 35K 45K 62X
No. 1 No. 2 No. 3 No. 4 No. 6
BTM 1 06,7 28,6 83.3 50,0 85.7
3.16 66,7 16.7 50.0 40,0 75.0
WPM 1 33.3 37.5 66.7 40.0 85,7
3.16 57.1 6.7 B0.0 60.0 83.3
m. H 1 28.6 37.8 40,0 16,7 25.0
3.16 50.0 0.0 50.0 33.3 40.0

5 17 HEK, 6 A22 HEE, T TCOEHMIC0.316 e M D NAA 2EL,
May 17 inoculated. June 22 observed. All media were supplemented with 0.316 4 M of NAA.

VT, BFEREROGVEE, 3IFRUF1IBASILN, 2BL4GRIPPEVRERLI., 4k,
T THISOREEIC X 3EMA SN, £&L LT BTM, WPM MiEMis m H &k o @ L T
Wi, BAP OBERIC3—EDHRIIEED Sl -1,

i RkRRER

A 7 RFRAOEIEY = — b ORAEEE | & 2 45

8L 7o 7 R FOFARDOKGORAD 5, FHHL ANEREERL CRILEFL -+ %, BW
B (BAP3.16 kM, NAA 0.1 xM) #A VT, 1 (ROBIMH 35~55 HOBHTHIRIEER L., £0
HAME SN 38, Nl 2 — M (RUV Y F) &, Ehoho0RERET~, 201
#% % Table 15 1275 L 7= (Photo. 23 & U Photo. 24), #fUS&E 1 EH THEFREII¥EREL, 24
BTd LD 30%, 3FEHT20% TR LI,

BREROFEHKYVDES 15 mm UEONH> = — VO L v Fi 0~12 KT, #REEDCHEN
BIERRICIE, BEYNPO Y 2 - PBRCBRELRVLOBES o 12, EEFEREICH T 2 FII0HEE
2= MR, BEALIATHD, va—-rEEELAL-FHRERTE, FHY0 10FEVHI
[AGCR AN

INHEL 7o v a2 — P OFEIRIE, K 1/2 WPM EHIZ O TIT - /oo T OFMEF 40% LUT 58 307
BT, £l T6% LIE, £ i380% LLtoE xR L 2 (Photo. 25)

2 REDOHIIERIC L D v = — P OBMMHEICE, ARETT > L BHABEOEE, va—t
ZNELTHEBsE200HE, NHLoYya— M2 EEEIcBELTY 2 — FEHPLTVL
FErd s, GHTEROY 2 ~ + 2ETCRBEOHESYRNLEL LN 5,

B BW E#oSERST 02 Or#REE | RE0ARKEL 2 HR

® BW D Ca OEN I X £WEY - — + OEFRIETHE

HH 1972) &, A NVARUHEROEFTCH L THLEL TS Ca 0B%E, Ca™/(EM™-Ca*™) T
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Survival rates, harvested numbers of shoot from axillary bud culture and rooting rates of shoots in kunugi (Quercus acutissima)

A% 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 2
Generation

EEAK 64 35 35 35 37 42 45 40 37 41 37 43 50 51 55 41 5L 48 47 A7
Days of
subcultureing

BREZERRE 64 53 44 4 37 31 3V 29 24 23 20 19 19 17 1B 1B 1B 14 13 13
No. of bud cluster
inoculated

HIRZFRE 11 9 0 7 6 1 1 5 1 3 1 0 2 1 0 0 2 1 0 0
No. of bud cluster
died

HEFEIFRRI 53 44 4 37 31 30 29 24 23 20 19 19 17 % 1 1 14 13 13 13
No. of bud cluster :

survival

I ~— M 0 13 26 25 B4 B3 52 39 48 63 94 B3 51 36 31 34 49 50 42 58
No. of shoot
harvested

[ELvyF 0) (0-8) (0-3) (0-6) (0-4) (0-9) (0-8) (0-8) (0-9) (0-10)(0-12)(0-7) (0-8) (0-7) (0-6) (0-6) (0-7) (0-7) (0-8) (0-10)
Range of shoot

Sy o - b 6.0 03 05 07 1,7 18 18 16 21 35 49 30 30 23 19 2,1 3.5 3.8 3.2 45
Average No. of
shoot

* 8 R (% — 100.0 46.1 84.0 75.9 66.0 70.0 8.0 77.1 89.8 92.5 96.6 84.3 86.1 93.5 79.4 89.8 88.0 83.3 86.7
Rooting rate

Bz BAP %3.164M & NAA%0.14M £MA 7 BW (BTM i WPMEBHOEBRSOEREMZ12) K,
Medium was BW medium supplemented with 3.16 uM of BAP and 0.1 2 M of NAA.

SHAEHERE T Py

£ 098
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Photo. 23. 7 X ¥ 1 REMRBRICEF 5V 2 - FORELHE
Multiple shoot formation and shoot elongation in 1st subculture of axillary bud
in kunugi (Quercus acutissima).

Photo. 24. 7 X ¥ O 8 REMRERIcBIT 5 > 2 — + DHEFEREL
Aspects of shooting in 8th subculture started from axillary shoot in kunugi
(Quercus acutissima).
E:va— bEMLEL, BREAVWTLS,
H:va— PEHEL, BEAMEG,

Left : Number of shoots was less, and leaves were open.

Right : Number of shoots was numerous, and leaves were closed.
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Photo. 25. 27 X ¥ v .—FOFHE E&HOBE
Rooted shoot in kunugi (Quercus acutissima) (50 days after beginning of culture).

AL, AVRFITOEMBOILUTTESAETT SN, EMER0555VWE L0 EESELTELEL
TLW3, TITITM™ @}t oEERSIOL mM &%, Ca™ ik Ca © mM BRE7, &A%,
BW MO I 0 0.20TH 34, COEM0TRTLOIKKEB LI, CaCl, & Ca (NOy),.
4H,0 0BEHP LI, £hic BAP % 2k# (1, 3.16 M), NAA % 0.1pM THASDE B
HCHEFEY 2 — F 2B L,

B 2 AR OBBEDOEFIRES Table 16 iR Lic, kiR H#50.57 Tid, BW #E#Eihh i3
EAEEDORVEERERLAY, 1.0 THAFESPPET L, SHA and PETERSON (1985) ic
&5 MSEM®D Ca OBEZRLAHMERVAEY » H1EDYa~ OEETR, 3702 20RE
Dliotets, KERTRF 7o v 2ERELK,

@ BW oz sz S oBMPEFY 2 — F OEFICRIITHR

—fic, THEPEMO S ORBAELLESIR, B Licxsoy22BILYTVEVDA
TWw 3 (Buoswan: and Razpran, 1983), BW i S g4 id, MgSO0,, 7H,0, (NH,),S0, &
K,S0, TiiahTwa, UL, i "EOREEE DL, K80, T53mM BEEThTV3,
D K80, 0Bl oWwT, BW E#hic 0, 5.3mM AKX E, 10.6, 15.9mM icBL TA
MEXEE2HZ T, Tho 4 EEOKEMIC BAP @ 27k (QuM & 3.16 uM) :2#la45bE7/- 8%
O (FXTOREMIZ0.1eM © NAA 25 CHEFy -1 2BEEE L, ToE#EL L
H#%DHEE®R% Table 17 1</R L 2,6

K,S0, %# 5.3 mM fnA 7o EBrEHHic b~ T, 0mM ORMTRAEERNDUETL, 10.6 mM ©
HMTREEELTH -1, CHISKLT, 38O 15.9mM £MA S TREERNE Y,
#12 BAP @ 1M KTt 83%, 3.16 uM XT3 100% DEFERERL, Table 17 KBV TN
ELTRLEY 2~ b EEIC, 370 REREI Ly a— b ORERG DD -1,
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Table 16. 7 X ¥HHF ¥ 2 — t OEFRICKIZT BW 510D Ca BOHE
Effect of amount of Ca in BW medium on the survival rates of axillary bud culture from
mature trees in kunugi (Quercus acutissima)

CaCls. 2H,0 3 = ®
+Ca(NO3)z. 4H,0 BAP Survival rates (%)
=3 ¥Hh 5
Ca/¥XM-XCa mM (uM) (8) (N (D)
0.29 6.1 1 42.8 6.3 50,0
3.16 50.0 8.3 41,7
0.87 10.9 1 35.7 21.4 42 9
3.16 50.0 25,0 25,0
1.00 21.5 1 25,0 12,8 62.5
3.16 30.0 0.0 70.0

BIEWITIZ0.1 M DO NAA 2HRM, ¥HNRBHEF Y 2 — O EBICA 70 v 2282 Ltbd,
Each medium was supplemented with 0.1uM of NAA. (8) are survival, (N) are necrosis on the top of axil-
lary shoot bud, and (D) are dead of the bud.

Table 17. BW iS5 21 K2 SOO&ED 7 X FHIE Y 2 — b OERCKRITTHE
Effect of amounts of K3SO,4 in BW medium on the survival rates of the axillary shoot in
kunugi (Quercus acutissima)

N\K:80, (mM) 0 5.0 10.5 15.8

HfER S | dbh | B | AEF | iR | HEE | £ | RN | BB | AR | i | RSO
Survi:al ()] () D8] (N D[S (N) | D8] (N) | (D)
rates

BAP(«M)
1 37.5| 12.5 |50.0142.91{ 42.9 |14.2|25.0| 25.0 |50.0| 83.3| 16.7 | 0.0

3.16 37.5| 25.0 |37.5|75.0| 12,5 |12.5|71.4 0.0 |26.6|100.0( 0.0 | 0.0

BEEHICII 0.1 uM DO NAA ZHBM, ¥RNWIEF Y2 - OB A7 o v 2ERB LI bD,
Each medium was supplemented with 0.1 #M of NAA. (S) are survival, (N) are necrosis on the top of axil-
lary shoot bud, and (D) are dead of the bud.

@ BW ¥itho Mg & Fe OBMKFEY 2 — F OERRITTHR

HYiEE G0 e, MIERCERSh2 - 20813, AN Mg & Fe 0BICHEah
BT EMBBEVDATWS, BW o Mg ORZEERU1/10 & L, £/, Fe %iE#EL, £/
R AFEEOREH (Table 18) ##HBL T, 7/ XFXOMWFEY » — P EREEL -, WILHAEEL
7R, BW HAH TREOEGFRER LI, Mg 2RELIUGA L Fe 2 RVKBETREER
DEEIETL, HELLbOMNFEFITED -1,

CCTHICEYL-#20i3, Fe 2ROUEIBARAVABERENLE VD, TLRERENTLEDT
MEw, Thicd LT, Mg 2 1/10 DRIz L, Fe #BETIALEMTE, EFCKRELTAILZE
Ltz Thot, DI LR, IXXDANABERICTEESLISZDEEDNRS,
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Table 18. BW i Mg & Fe OBH 7 X ¥HHF v - — F OEFERIZRITTHE
Effect of amounts of Mg and Fe in BW medium on the survival rates of the axillary
shoot in kunugi (Quercus acutissima)

P j
MgS0,4.7TH.0 Fe-EDTA Survival rates (%) v a— b DI
DHNVRADKE
(mM) (mM) 7 RN 3 X
Survival Necrosis Dead Callus on the
on the top base of shoot
of shoot
3.0 0.1 93.6 0.0 6.2 th
Middle
3.0 0.0 25,0 28.0 50.0 fBhE i3 L
Small or no
0.3 0.1 38.9 33.3 27.8 BHTK
Largest
0.3 0.0 14.3 0.0 85,7 5L
No

ZEHITIZ3. 16 uM D BAP £ 0.1 #M @ NAA #MZ, Fe-EDTA 0.0 mM DEHICIZ Nag-EDTA % 0.1 mM A 72,
Each medium was supplemented with 3.16 u M of BAP and 0.1 #M of NAA, and medium with 0.0 mM of Fe-
EDTA contained 0.1 mM of Na;-EDTA

4 h Iz EE

4.1 R¥, yo0TIYRURTSEOHIIFENR
AR TR, HEME L TRENTERBEOZ Y, yoevitowT, i, LREMRIEEY <7
5vESDIBOE TS ICOVT, HUVAFRICEY ANRERUEMOEE Yoicshicydd s
—F v EFA AL 2V OBBEBREORBREERETL 1.

4.1.1 =¥
(1) #EtE Frik

7o ZAFHOARIKITE, BB ERBETFERV L, HESR 2V 188, #ikx 0% s
/= ATHNMREREL R BEBEECRE L, T0%, BRTH»0O3% EXLET, #EE Y
ey FPEHOWTBR2RBELT, chirzo: ks Lk,

ABETFAHVAIESICR, REOEERLORESE 0% =5/ — A T5 pMXAERELLOB,
HERE L TEE L, CORBEERMEKLT, BEY v 2y P EHOWTERZESL, 206D
CHEOmORBETE/mIE L, AEEE Lk,

WEFNOBRELRE WS A2 EAEME L, # -+ & LT NAA, IBA, kU 2,4-Y 7o
72/ 4% vER (2,4D) %, A A4 =vELTHARF Y (KIN) kU BAP L 2¥ok#ED
BETH ALY, H10ml FHORMNEBL LI 0 A TORBECHEL, HHEICLHMEHS
Lo BB, BES00 Vs 2 ROENATRIAT, HE 14K, 25°C OEE T T4 HREEEL
7o
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(2) HREEE

HEAED S 3 A L7 ORI H & H v MR E hicts, BFOERICEV TV AIERENL SR L
ABEREE D - f, BRFPNICRSZ &, RbAVADOERBHE, - 2D, 10 H 18 BicEK
L7356, KIN #EEETE, ©2.4-D 0BESKEL, RVT@NAA OBRIIPLPEL, @IBA
DHRRBEBEALRDSNL -/, KIN MEERICESE NAA PEREBETHHRERL, IBA
THPPURER L, 11 A 22 HicBRUGA, KIN BERES, NAA, 2, 4-D &btk
WREEB L, 12A 2HIERLZESI’, KIN & BAP itk 2804 NAA, 24D RU
IBA O ROZELIEFEALR N s, ROT1H 2l BicER LB, ©PEVH VI
REER LT

AXOBRESSKABE LML T, KX WS EHMITERL LA, LRBUEBBTFEERLL
6 H4HRU 6 A 12 HOBADH VAR, NAA, 2,4-D & biiHVERRER L. Ihbig,
0%7:13 1 uM OBET BAP 2MlAADERML IBA I REICEWEBRERER L 245, BAP 210
¢M Tid, NAA &£ 2,4-DHOFThOBETL AL ABERREBD TED -7z, TH 2 BICERL
REL SHH L RBETEARKE LBAIE, 2 rrrfbLizud, &3 0iED TEVWER
ETHo oo REETOREGR, RBMERVBARENE S > TOL B, TOREKRMUAARDL S A
WATGERET 5 2 & 2 A D 1,

412 Jo=v

(1) R EHHE

ML R OSAZ O AN REEE LTANVROERE T/, 29, BIERT0% =5/ — AT
ZEBELOLEE, oM, SEEE Y £y FEAVT, EHEE- T BN £ 1 FE0 SEE
L Lo TOBA, NAA &£ BAP /413 KIN & A2MAADEMA /- KE WS B2 H L/, B8
G2, BEES00 Ly 7 R ORUATEINT, B 14850, 25°C OfERE L1,

RN AR, 7oy HEETE 7.5% BRIUKEKRT IS HMEAEREL T, BELLE
FAMERRX L TRFS L/, BRAES SHIOFEL OKE%E 2~3 mm ORS ICUIN L YR &4
WiEE Lz, 7V 2FHBOEMIE STAINHALT, STANDIFER and SkooG (SSS) e L, NAA, 2,4-
D, BAP RUKIN 28T, 2h2h 0.01 uM 55 1045 > L T 100 uM e E 3 5 KETIA 2,
BRI 1000 v » 2 ZOBEATHEAT, B 16H5E, 25°C ofER & L7,

(2) HREER

s, P FH~—EBIc Y2 3BHcbwTos, BRES» SO VAERSA LN, AL
% DRI D TEL, NAA ©0.316 uM, F/oi3 1 oM HINEHITS 20% LUTFTH - F20

7 vy FEL OREP D>, NAA %0.1~100 M, £7:132,4-D % 1~100 uM OEHTHML
Fo SSSEMIETH A RFEUMNTE R, £LT, NAA $4i32,4-D % 1~100 uM OHEHBHTINA %
SSS M E TR, MREBEZ A EISEERARCBE2ELEDOINVZAEFZRIIERTE L, Lvt,
2,4-D 28U L THEEL o A2, ERBREEICEEL YT WERBZ/RL 2. BAP 721 KIN
B O SSS i E T, WRBRXLEHRS AV ZERHTE D > 1,
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DurzaN et al. (1976) i3, Pinus banksiana O%R¥F 5 HHOYEAHWT, MS il L-7 £
= %400 mg/l MAE &I, Bhich Vv 2EgEHT, COBAE, NH-N ¥ZRBIcMAShr:
HZic, BROBFERSH SSS Bl & FERMA >ht T &It B, HARvEY and GrasHaMm (1969)
DERB T3, Soft pine DH NV AFEHE ZOMEICIZ 2, 4-D HHEHTHH, Hard pine iTid NAA
BEHTHBEELTVS, KERTSH, Hard pine ICET 27 o~ v Olblhd» S>0H v 2 FBITII,
NAA Lo BIRERL I,

4.1.3 HEvY<FrIv

1) M EHE

ANZRFRICHB VAR E, FREATAREREICE RS TOI2HEY 5 5 v (TR
KK. dtE#iKR+t v ¥ — T, Populus sieboldii x P. grandidentata DAEIC & - TH S - HEE)
D5, Y-102 E@BEnifs v—rh oL, 4~5cm RICUIN L X852 R c
KBRWL, 0% 8/ — A 2HBIREL TRERE L k. ChEBELAR, ZOHEEH1lem T2
PIniET, BEEE 3mm RAONERICHBT Y o LB 25k s L,

Hov AFHHICE, WS RU MS &My, miEic BAP 2 1uM 0BETNA LS AT,
NAA £#132,4D %01, 1, RV 10uM @ 3KETEAENMA 1, HHIEHEREIC 10ml ¥
SEL, MEREL R, AEEEBERLU, ThoDEESMNIE, BE1000 4y 7 2OEEITEHA
T, BE 168, 25°C ofEE & L1,

2) #RIEE

BR% 2 HEOA Vv AEHRIRAEA 5 &, WS BEHhoFRERIZ MS ik BT D, WS K
HiicNAA % 10 M A - 3EHTRED 0% OFRRER LI, $/2, 2,4-D 2A 7 MS T
DA NREREZEDRER, NAA 2MA ML DEBEML 28, SV ROXRESBETI LR
TH-to, BRI MS 8tik b & WS Eithdt, ¥R vr~+5voh v 2FBITIBL TV,

4.1.4 ZofhoR7SH

1) ME&EHE

BHBRASTEFRARCEEI W TO 3R 7S HSEH» S, AR ERIL THEAL o HILE
Bid, 0% 24/ - TH5SMAERE BELLOL, ARLEREEZSUKRESE 5mmX5mm
Pl D B> TARKE L7, WS BSHIZMH G, BAPDO0Ei31uM S, NAA 424D D
0.1, 1, 10uM © 3 KL Zh Zhila &b, HMERBEIC 15ml 5THEL, FELL-T
MEBE L7, HEEEMAE, BE1000 vy 7 2ORITRAT, HE 16850, 25°C ofdlE L1,

(2) #EREEE

REASBHOH VRAEHOKRERIER, 2FL L THASECELY AV XA ZGRICEBL .
T E BB, NAA, 2,4-D &b 1uM Thotoo F/2, 10uM TREEMET E5ER%ER
LS E D - to

Leuce 289 % Populus sieboldii & P. alba L2 HET 5L, RiENL # Vv EEKL, %
Fo, BHELEL NAA 206 2,4-D OUBRBESVI EMBED Sht, P alba TR, NAA, 2,4-D &
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LISHEBRED 10 uM TR 1RSI AV RARRBOE D - 12,

Tachmahaca fiICB$ 5 P. simoni & P. maximowiczii Tid, BIEMNEOEMETH I P
WAEERL, BEBRARO P. alba & & h W AERERL o

Aegeiros #8895 P. canadensis, P. deltoides RU' P. x euroamericana ® 2 %#% (1-45/51,
1-214) @35 5, P. canadensis Tit 1yM @ BAP ic, 1uM @ NAA ML 28T 100% ©
AN RAEBRRERL, NAA OFRY2,4-D OHRZELE» o TOT & RELE L Leuce i,
Tachamahaca SiiC BT 2RI E BRI % R L1, P. canadensis UAD 3D H 4 2R IZ P PR
BTh- 1,

4.2 ZFRUARTSEANLINODOREBLE

COWETIE, AFANVZLSOBOFEERY aspen ZR 7S E2SZLRTSHEANADOLD Y 2 —
P ORE IO WTRI L 1,

4.2.1 A¥

1) MH&EAE

AFDAHNAD SHEYBEEOTREHNE LT, FIRTEOBA % NAA & KINEZEAADE LK
Z WS EHTERLLAVZREAL, RRUEEEITOY, BAP & NAA 2#lagbEMA oL
WA WS B EEBEL T, 1A SOBREOHEELFH I, A XFEHICHE Table 19 TRO
2. ik Y S ARY A

T, RBETEROIVZE, c-AMP KU dib. c-AMP i NAA LlA8bE /2 WS BHT
BAREERLT, YV 2OBERIEALH D, ZOROBEOHRIC DL THE~NL .

BHMIAREIC I0ml 5 THEL, HEICk- TINERE L/, HELHE, REL1000 vy 2
2 OBATHREAT, A& 1450, 25°C ofER & L1,

(2) HREEE

AFHILHA DO SHFB L V2%, HMUREMICHBREL/ER%E Table 19 il/RL 7o NAA %3
UM MR LEMTRBLOAVZALOREBLEDS, 10uM TROTHLOAVILSFERL, 1uM T
R BBLIEM-T, ULbb, BIRLALHAAVZDHKIEE, Table 19 O TFRICRLILL DI, NAA
202uM b 1M EVWS EHSBERET, Lobd, KIN bEBETNAIEHTHERL o2
£, 7 LT, Mg NAA £ 3uM, F/id 10peM WA &0, BAP % 3uM 24480
EMAFEHTRIBEEb ot TOEIR, WAVRHEREFB LB L OBENA SN, WY
hOEHH, - bAREFPARERDOEHRIBEL A 508t

BN R Db OFBOERIRELE, 7, MESEMLEOH V2D LEEOE BT RPRMAED OB
HEL, ZEhNlRLALOBTHNEMY, 2ok, BREMACHRL TOIABEI o0
(Photo. 26),

SHEMOA NV ZD S v 2 — 2R L HEFIE, Kavl and KocHHER (1985) @ Pinus strobus,
BoOURGKARD and FAVvre (1988) @ Sequoia sempervirens 3% 5, 7., WAsSHER et al. (1977)
i Pinus radiata ®h VA5 5, K, WEERCEEEGEMLS S, LL, ThE0HL2R



Table 19.

FHRETAFHARS

% 360 5

RF AN A OF R E BET RS & OBIFR (3Z WS i)

Relation of callus induction medium and organ formation medium in sugi (Cryptomeria
Jjaponica)(modified WS medium)

YR EHANYE BRA VAR BREER LV ZE FBLI AR
Growth regulators N(ii of No. of callus which formed organ DFEEMBES
callus
NAA BAP inoculated AEF N EALZAFE | Callus induc~
(M) (M) Adventi- Adventi- Percentage |tion medium
tious tious of rooted number of
bud root callus rooted callus
(%)
1 8 0 0 0.0
1 3 8 o] 0 0.0
10 8 o] Q 0.0
30 8 0 0] 0.0
1 8 Q 1 12,8 ®@
3 3 8 o 4 50.0 @ 0 6,
10 8 0 1 12,8 @
0 8 0 1 12,5 @
1 8 0 0 0.0
10 3 8 0 2 25.0 @, ®
10 8 0 1 12.8 @®
30 8 0 1 12,8 ®

B A FRIEMBES Callus induction medium number

KIN (M) 0.3
NAA(sM)

1

3

0.2
1
5

Qe o

@e e

®
®

B> SHELTEY, RROHEE  MBHROAI VAR S v a — P E2MLEEIEDEUTY,
wic, RBMETHLOFH LAV R%E, c-AMP KU dib. c-AMP % 0.01 uM 5 10pM T
IKE 25 5 KEDEE (Table 200 TMA L WS HIZHVLTHEEL!, L b& c-AMP RU dib.
c-AMP B¥ 1 b A A = BYHEE LT, AEH FAEROMUEROVEBRELSEVDhTVS
(MancaT and Janjua, 1987; ki 5, 1973), L L, AEBRTRIBOREDANS HH,
otz oniih -t I~3REETRANVZAOREHEEOSED SN, £ LT4REDS
6 RREHZ TORIZ, Table 20 IKRLAX Sz, BBEH LV AD SBONMIERE ST, 1H, HIUEE
PRI EmhHTH - 120
BEEH L ABMOBOMEREA S L, HREZE4ANRETIRBL 0V 2ORBEL - 71228, 5K
HTi3dT~<TO c-AMP ¥#iE, £<{ O dib. c-AMP M THEVWHEREL R LI, UL, 6fRHIK
BEERBEALOERMTHBLELL L 12, SREORIBEIZ c-AMP TRRENGE 5IONTH
(1D, BB 44.4% 2R L, ThizxL T dib. c-AMP T, EEE® 0.01 oM SRHBEED 10
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Photo. 26. RF¥F A VA5 OFHR
Root formation from callus in sugi (Cryptomeria japonica).

Table 20. c-AMP KU dib. c-AMP B2 ¥ A2 DREBRICKITTHE (WS 15i#)
Effects of c—AMP and dib. ¢c~AMP on rooting rates of sugi (Cryptomeria japonica) callus
(WS medium)

. #iR#E Rooting rates (%)
YRR R AT E :
Growth regulators # L 3 Generations
(e M) 4th 5th 6th
Control 0 0.0 7.1 0.0
c-AMP 0.01 6.3 7.1 0.0
0.1 0.0 18,8 0.0
0.316 6.7 37.5 0.0
1 6.3 31.3 6.7
10 0.0 44 4 0.0
dib. 0.01 18.2 0.0 0.0
c-AMP 0.1 0.0 7.1 0.0
0.316 0.0 6.3 0.0
1 0.0 30.8 14,2
10 0.0 0.0 0.0

TRTCOERC0.1uM D NAA 28,
All media were supplemented with 0.1 u#M of NAA.
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pM BRI TORRIRA ST, PRIOBREETRIBL 7,

Pl ~t & 51, BAP, c-AMP KU dib. c-AMP 28U HNE WS, T3 WS 55 kit
LI ZEBVRADOHTE, T4b5, BOMLREDESSHA, TITIR, NAA SYBEEXHLE
CEREZIONS, —RITIE BAP BEDH A b AL =V, 3B0VEB c-cAMP DL S5 Y A b A4
= URIEN, Ya- bOXINHMERBEEOMEOVESREL L TEH T EMBHShITEH TV B,
ZEDANZODARERE, FHICE va— ML, B ESORERBEHONES -1,

BT, HakmanN and Fowke (1987) i3 Picea glauca, P. maritima DX #E 2 H WV, 7,
HakmaN and ArNoLp (1988) i3 Picea glauca O KB % B\ 1: EEBR T, embryogenic callus
2EHL, ThhroBBREREEARRI LTVWS, X515, ARNoLD and Hakman (1988) 13, Picea
abies DA E 12 KBS 518 51/ embryogenic callus o SR ES -, X FOEEH L
AP SORNER, Floldya— bOHMUEROFEERLT L ESHROBEBTH 3,

4.2.2 ¥Er~r5v

(1) 3, 4 KRIZB LAV ZAMLOODY 2 — ML

i MR EHE

KBY <+ 35Y Y102 70— vOFHEOEREL, S, BAP & NAA L 2MA T WS BEHETHN
Lih %, hBEO 2, 4-D, L{EBED BAP 24480 7: MS ISHITHARIEE L, v a
— MHMEOERICHV A A2, BE2HATL IOMEAMKEERL 2602 3RAIVX, H1®
D20 2B TE, RO2RAIE I LA TERHAMTEBLALLOR4REAI VI E L, IEOHK
REBPHE, SREBEABBRIR6PLATH -1,

Ya— LIV, © WS EAEM (NHNO; OB 50 mg/l, LT WS-E#), @
WS- N (NHNO; DB % 6T6mg/l L 7-6D) LU @ WS%£ N (NHNO, D&% 1637
mg/l iKELALbD) OIBETH 5,

Ft, Va-brHEOUENRELTMASZH M bhA=Vitid, BAP Ofbhic¥7F ¥ 2R,
ZOBREE], 3.16, 10KV 3.6 M D 4KELE L, BE-T,

SEEOEMXY ¥ 7 F v RE=12 BHOMM
BHEBU, BB, TNTORMICIE 0.1 M O NAA 2INZ 12,

EMIEREIC 0ml dTHEL, FECIONEHBEL . IRBRT4ARBAIVZEERTH
§MEERV, &7V AREE 3% BRAETRRER (W 100mg) i< 12%4 L, 12 @EHOEHIHIE
Ut BEESRME, BB 1200 vy 7 ROBCLITEAT, AR 14K, 24°COERE L,

i HEEER

BERBEBE RULOTRPNIAATI ) — v &y FBEGBERET THES O, 841 I~5K
OENMANAKEICHEREL, ROTEDSFIRASENHI UL, UE, ANVAKRACEDOAHEAL,
Ya—FOHENRTVEDbEH ot T, Ya-bEMELEAAMRTBVWTE, BERLEHE, K
EERHBED Shicds, Bito NHNO;, OROBDIZIZEEA LR, €7F % 3.16 uM
FhFI0uM OBETHEA LB TASHE, ThikL T, 1uM /21336 M DETF %
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AL E EOA L 20% <3, B - REEHT, BEBOSREE, DRBCEEL LABEN
=7

EEIMPABIBI DY a— P p{LOfER%E Table 21 I/RL, HARDLSDY 2 — FEEKRE
Photo. 27 ;R L #2o

BRI A ABKITHLT, va- bMLERDLHIALIROLE (%) %, ¥a— FMEREELUTRL
fro BBOEWVY 2 — MEARIZ WS- N, 3.16uM €77 VBT, HicdREPVRicBOTH,
87.25% OEEA R LI, IRWT, B 10uM 0¥ 7 F M Fo 4 X EHH 62.5%, WS-HEHE, 3.16
UM ETF VBTG UEDHI VAR S Y a— b4MEES T, LipL, @b 9O FT&
BTV a— FERRBEVD, £232MELEh -1,

Bt NH,NO; OBIMB L ¥ 2 — FERROBREA S &, WS-HHEICH~NT, WS-th N TO ¥
2— PERENEN -, 5, BERSEEBBLL WS- N TRERBMES ot Fi,
7 FVBE,LANE, 316 M SRORELYPRERL, RVT 10, 31.6 uM E#el A, EHE
D 1uM TRELFIBRME L, 1

ZDva— FEEE MosTELLER and Yourz (1961) OXTEREMR L 0B, SFEAHTL K.
O R, EHoBEE, $5bb, NHNO; DBOMIZ 5% KET, €7 F vOBERMIIC 1% KET
BEHLEDONT, LPL, SREL4RBOA VADRICREERM K » - 12, 12, EHIOEH
DEERIT15%, CTF VBEDENI % 2R LI,

AN RS DRESMLOBENEME LT, BHMIKMNASh2 N Bo{tFHNEESSoh, =
Iy OREMRIRKIZIE, NO; &9 NH, oMK EVWEENTVS (HarperiN and WETHERRELL,
1965), Sarro (1980b) i3, 4 % )V — KB R 75D H L A EEYH» S DEEMbic, HEuibo NH,
NO; OBHEEMIcH L 2WHOhic LI, b5, NHNO; p7DE (88 mg/D) T2 4k
€7, bR 668mg/l) RUER (2370mg/D) TEMLL, BEBIEMTIMET T L %2R
BT3B, ThicH L TARRTEBERE 676 mg/D) BT ML, ChidlE, #2rzo
EERFEOED, EHEBRT2E300RBESOBVICL6DEELGNDE, WTHIILTH, #
BY<+3vA0ZAMho0ya—- e tewicid, WS EARMO NHNO, 0BTRAET, &R
BTSN ED -1z 676 mg/l EFEHHEBEBbh s (K 1981).

B DBE, BEEOF-FrvE, BEEOYA A= vEMALEHTHALIEHERL, DB
Box—Fvvd, BKBEOSA ML= vEMAEMTHAREEL, $1 b4 =VEPPEL(E
TR T I EIcE - T, Ya— k@ AERSHET 2, Winton (1968) R U Worter (1968)
id, Populus deltoides ® 7 /v 2% BAP BifhTiA = WS B#i T, Sarro (1980b) 13, 1 %Y
—HBHERTF [214 OANZREFHOT BAP & 2,4-D 2MA LTy 2 — P ESLEE /1,

AERICBVTIR, FEY~F 5702 %, BAP ORDDIKETF Y EHVT NAA L#laE
b, o, NHNO, EHEL: WS EMHITEEL Tya - P EMbIdi, BLOEHSE, 1t H
A=y, LT BAP b TV EY, CCTRRABRYSA AL =VTHEETF Y EHL, £0O%
BEEEIR 3.16~10 M TH BT L7,



Table 21. ¥EY <+ 7 VAN RDY 2 — MERRERBERCRIITHEMEKE 7 F  BEOYHR
Effects of medium composition and concentration of zeatin on shoot formation rates and numbers of shoot per callus in aspen hybrid,
Populus sieboldit X P. grandidentata

paklé:g] WS-E% WS-thN WS-%ZN
Medium WS-standard WS-median N WS-abundant N
T F BE 1 3.16 10 3l.6 1 3.16 10 3l.6 1 3.16 10 3l.6
Concentration of Zeatin (aM)
v a— MERR (%)
Shoot formation
SREHOSHEoANLVZAD S 0 25.0 25.0 0 0 50.0 50.0 4] 0 25.0 0 0
From 8 calli after
3 passages
AREDSBEDANADDS 0 31.8 0 2.5 0 | 8.5 | 62.5 12.8 0 0 2.5 12.5
From 8 calli after
4 passages
Va— PREB/AIVZR - 1.5 2.5 — — 4.0 3.3 1.0 — 2.5 1.0 —
No. of shoots/callus
#ifH Range — 1~3 1~ - — 1~7 2~5 1 - 2~3 1 —
BOHDORER/ VA — 2.6 1.0 1.0 — 4.5 4.8 2.0 — 3.0 1.0 2.0
No. of leaves/callus
il Range — 1~5 1 1 — 2~9 2~9 2 — 3 1 2

WS- B I2 NHyNO3 % 50 mg/l, WS- N33 676 mg/l, WS-% NEEHIZ 1637 mg/l £AY, T RTOHEMIT0.14M ONAA % F M,
WS -standard medium contained 50 mg/l. WS-—median N medium contaired 676 mg/l and WS-abundant N medium contained 1 637mg/l of NH4NOj;, respectively.
All media were supplemented with 0.1 zM of NAA.

s A LEE 2R A 1T

& 09E &
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WSHRE
WS-standard N

WS-kN
WS-median N

WS-#N
WS-abundant N

WSHIE
WS -standard

WS-N
WS-median N

WS-%N
WS-abundant N

vF7F | 3.16 10 31.6 (uM)
Zeatin

Photo. 27. HEBr<+5 v H NV ADY 2 — MERICRIETHEHMK E €7 F v BEOE
Effects of medium composition and concentration of zeatin on shoot formation
from callus in hybrid aspen (Populus sieboldii X P. grandidentata).

(2) BIRKIEB LAV ZLSLD Y 2 — oML

i MEEHE

AT, BIETHVWEEY <+ 5 A L2D—8% 2,4-D, NAA, BAP L2la&bEMA
Fo MS EHT, SREKMRIER LA L ZAH 5D Y 2 — FMEAE TN,

S, AIEEFIUCL, WS-EHE, WS-th N, RU WS-% N O 3REE L1, &/, va-
FHEO UV EMNRELTOH A FhA=viTid, BAP &¥7F %, £hER] 3.16 10, RU
31.6 UM D A KETHEMU 72, BHMITIZ 0.1M © NAA 2E4b#THA

EMIRBREC 10ml 5THEL, BECIOMERRE L/, BEERHER, BE3I000LVy 7 20
HEATREAT, HE& 16 B, 25°C ofEE & L,
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i HRIEE

BEEILABROANZIH LD Y 2 — MMLid, ¥7 F v ERMEMCEEFcRDONIcTES,
BAP g cid < b Lidd - 4,

22T, ThooHAR2BLMIRT, BL4A rAa4=> (BAP L RETF V) HRinoE
KL, TOEEIcLY, €7F VEMORIEHTE, RAYC Y- OMELED O, BE
W%k, 3PADYa— FMEOERE%E Table 22 KR L7, UL, BAP #5ML AE#iTE, A
g3 LBZBLTL Y a— PERRIESAONEL T,

7 F VERINO WS o, NHNO; OBREZEZ - 3BEOEHOLHT, va— rURRIRD
Hh oDl WS-hN T, iz WS-%N, WS-EBEEMOETH >, 12, Bdva— PERR
NEr -7 F VBEIR 10uM Th Y, ;ic, 3.16 RV 31.6 uM TH -7, MEHAEDHE T,
WS-hN @ 10uM €7 F v EHMT 5%, FL< 3L6uM €7 F v EHT62.5% L&, RVT
WSHEER U WS-EN @, &bic 10uM €7 F YD 37.5% TH -7z, Table 22 ®¥ 2 —
KR % Fija @ MosteLLER and Yourz (1961) ORic &k » TEEERL, AT ET -2 £ 08
B, HEto NH,NO; DRBiCIHBMREY OT, €7 F VBB T 5% KETHE-MSEY S
N, ¥BY <+ 5 vOMNREEET- 13 ARBANVATR, ¥7F V#EH 3. 16 uM TRS
68.8% DALBHBBONI-DORMLT, SKREDOHAVRATR, ThEIVBEEOFV 10uM KOV TH
& 75.0% OSHERERL, ROT, 3L.6uM ORBETY 2 — FMERBEr o1, L d, BHEME
LTépABHIBVWTIOERME LN, Pk, »rv2ofREEREomic-ohT, va
— FHECh P EHEEEZCSBELL, VWIS A=V BELAET RSN bDEELI LN,
¥/, BAP ZMA BT, BBELAL6»ARTOE va—tbRR O, 51,

ELADE L TRREBEIC K B EHIEIELES L 5N TWS aspen RHE 7 Ficid, BEEY

Table 22. HMEY <+ 7 v ANRDY 2 — MERBEANVZ YD DY 2 — + ORERICKIZT S EHE
BEETF VBEOGHRE (8 HAMRIERES L)

Effects of medium composition and concentration of zeatin on shoot formation rates and

numbers of shoots per callus in aspen hybrid (Populus sieboldiixP. grandidentata)

(from 8 generation’s callus)

KoM WS-EEHE WS-p WS-£#N

Medium WS- standard WS-median N WS-abundant N
X7 F v HBEE
Concentration 1 3.16 10 |31.6 1 3.16| 10 |3l1l.6 1 31.6| 10 {3l.6
of Zeatin (#M)
va— MERE (%) 0.0 {12,868 7.6 | 0.0 |12.5(12.8|75.062.5| 0,0 |12,5(37.5|25.0

Shoot formation
Ry -V /AR 0 1.0| 2.0 o] 1.0| 2,01 3.7 | 4.4 0 5,0 5.0 3.5
No. of shoots/callus
#iFH Range — 1 |1~8| — 1 2 |1~8|1~8| — 5 |1~8|3~4

SMLERDBR T Table 21 EE Lo TTOREMIT 0.1 M D NAA EHRM,
Compositions of differentiation media were same as Table 21. All media were supplemented with 0.1 4 M
of NAA.
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NAD SEMBEE IS B 0 MBI ETHEAAVS C LOBELD B, aspen RE 7 T H 5O
WEE W, Populus tremuloides 122 T Matres (1964) T & b & hic, =0, 1968 4z
WoLTER & WINTON T &k » THE N V 2 b SHEYESELEENIZDO S aspen XTS5 TH Y, Ko
T WintonN 2 S[EBRkO#EE (1970 ; 1971) Mlashi,

4.2.3 200X 7IHE

1 +=+35v

i MR

FYLI-v<F 5 (Populus sieboldii) ®H# v Z%, NAA, 2,4-D, BAP #MA 7= MS iy
T, RIFE0HT LIz 3IRBMAITBLI AV ZREARBKRE LT, DAV 2D LOBEMEERI,
SHEEEHIC I, AT Y < 5 VORISR SRHEHA M 20 5 0MERRICHA W O &R UMK
OEMER, ERFERUEBEHFLELTH 1,

i HEREER

BEIMABOY 2 — FHMERRIBO TE, - /24, BUSBBRSCELBEOETF v, /2t
BAP ZMA B B AV ZAEBE L THE&R L., BAP £#MAEhTiE2< v a— b bdin
Moty €7 F Y EMAEMTOFERIPARD Y 2 — FSHMLOKESE, Table 23 R L1, ¥
a— FERER, #Hlo NHNO, oBR%H L2 WS-HN THEL, KRW\WT WS-, WS-£N Ol
TdH -1, TOERNEL, ¥7F vOURIR, FEBTRLEEETMA L 3.6 kM TRFO ¥
a— FAMERERL, RVT, 10uM OETF vV BETEP > UL, 1uM & 3.16uM O 7T
FUYTREVMEED, d30 @R MELUA» >k, ¥a— FERRIZOWT, MosTELLER and
Yourz (1961) ORATEKERL THHMIMT LIz, TOFKBR, HML /7 NH,NO; ORic & 2B
BEBEZRLSL, €7 F CBERMICE 5% KETHRENED S,

Table 23. ¥ <F T YANZDY a— FEREE V2 — P REKICKITTEHMERE €7 F Y BED
R

Effects of medium composition and concentration of zeatin on shoot formation rates and
numbers of shoots per callus in yamanarashi (Populus sieboldii)

B oM WS- WS-f N WS-£ N
Medium WS-standard WS-median N WS-abundant N
Y7 F RE .
Concentration 1 (3.16 |10 31.6f 1 {3.16|10 {31.6f{ 1 [316]10 |31.6

of Zeatin (uM)

va— MERE (%) 0.0 [16.7 |41.7 |75.0| 8.3 {16.7 [50.0 [66.7 | 0.0 | 0.0 {41.7 (50.0
Shoot formation
Ry —vE/ANMR 0 20| 12| 48|10 10| 2.72| 70| © 0 3.6 6,2
No. of shoots/callus
#ifH Range — |1~3j1~2|1~9] 1 1 |1~5|1~13 — | — |1~8 [1~12

SHEIE D RS Table 21 ER Lo T RTOEMIC0.1 4 M O NAA ZHM,

Compositions of differentiation media were same as Table 21. All media were supplemented with 0.1 4 M
of NAA.
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LAV ZAY e DY 2 — P AR, WS-hNOE7F v 3L 6uM BHIT1 A rz2Yiz 1~
134 (FH7.04), KT, WS-ENOX¥TF O 31.6 uM EHTE 1~124 (F56.24),
WS-EHEOETF D 316 M BEHITS 1~9 & (FH4.8K) TH -1, HEMNCIE, WS B
MA 7 NH,NO; OB 3BEREL, €7F % 3.6 M MA LB ETEL Oy a2 — b EHENML
XgBIEMTEL,

2) ¥vFo

i MHEEHE

FHL ¥ v Fo (Populus alba) # 2%, [BBED BAP LHBED NAA, 2,4-D 2mMA
o MS I THRERBLALLIA, ANV ROBRHEEIBH THEETH - £IT, MS Hitio
NHNO; OB Z# 5> L7 MS-BN (NHNO; % 620 mg/1), MS—/DN (NH,NO, %* 165 mg/l) &
MS-#Z# (NH,NO; # 1650 mg/1) @ 3 @¥ic BAP, NAA, 2,4-D %inA f:3Ehic 500 HRIREF
BELLFYFooAvZERAVE,

i, #EY <S5 v OMERBRO L T ATHW, WS-HERE, WS-hBN KU WS-EN D 3
BEOEMEL, va— Mo ESRELT, €7F % 3.16 uM KU 10 M © 2 KETMR
o BHRRBEC 15ml $THEL, BRI -TIMFEHEL, #» AV RIZIEE 150mg HTHEL
foo EELRAEG, WEEE2000 vy 7 AOEKATRIAT, BRE 168/, 25°C ofER & L1,

i HEREEE

SHEEHICHERE L T2 » ARBERO v 2 — MERR (v a2 — MERW L R/ v R < 100%)
% Table 24 ISk Ulzo 10 2 DRKRIEE ISV 1ISHIORD 555 &, MSHEEETRE LA VR
PHOYa2— PEREBEBSEVWKIICEDLDN A, MS-HIN KU MS-DN OZh EHARTESREDED

Table 24. 500 BREEBELAF Y FOohvAD Y2~ PERE (¥ a— MERY LV AB/H#RL VZAEE)
Shoot formation rates from calli which were subcultured for 500 days in Populus alba

S v a2 — FER#E Shoot formation rates(%)

Diiferentiation medium WS- fEiite WS-th N WS-£ZN
WS-Standard WS-median N WS-abundant N

T F VBE

Concentration of Zeatin

(M) 3.16 10 3.16 10 3.16 10
BRI B
Subculture medium

MS-1&#E 16.7 50.0 50.0 33.3 16.7 33.3
MS-standard(NH,NQO3 1650 mg/D)
MS-hN 50.0 62,5 62.5 62,5 50.0 2.0
MS-median N(NH/NOj3; 620 mg/1)
MS—DN 66.7 6.7 50.0 66.7 66,7 50.0

MS-less N(NHNO3165 mg/1)

SHMEEEH OB Table 21 KA U SMEEHICI3 0.1 4 M © NAA %M.
Compositions of differentiation media were same as Table 21, and were supplemented with 0.1 #M of NAA.
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Bt £k, HMEEHMOML SABE&ICE, WS-THIN BV THAEOERRERL TV S
LI AON DY, WSHEERY WS-ENIKBLWTH 316 M 0¥ T F v AMA L TE VML
BERLIS

Z DA%, MostELLER and Yourz (1961) OX TEHESR L THRBMMT LRI, R
BicHW o BER, HMLASHOBER, RUTheMALET F Y BEROVWTFhId, §8
LD SN ot fofE, BRERHEHOBVICX ST, SHMEEEHE LTO WS-hN TPPH
WAMERER L2 EHM S, 500 HEOMABEBTRELLX VY FuohvrDva— o bicid, WS-
PN 3.16 M 413 10puM €7 F v AMA RN EL TV EEZ Shi,

3) AFFvRESS

i ANVROHEREOIHOMRBTEDICAShcy a— 5L

A MEEHHE

h+F vy R8T 5 (Populus canadensis) ®# NV R%, BAP # 0.316 uM A - kT, 2,4-D
& NAA 220®n 0, 0.01, 0.1, 1 uM ©4KETMA I MS T 2 KB OMARBEEET - 72,
EFDEEI, FYU—VvREY IPYa— b OMLEZI-DT, 2DH N REETH~N,

Wiz, SRHHARTRITBVT, 2,4-D & NAA 22N Fh 0.1 RU 1M 0 2 kLA ADE
kAR O MSEHITHER L v2E, 4EITKE, 0.316 M @ BAP #mx /2L, 2,4-D %
0.0, 0.1 % T 1uM @ 37k, NAA % 0.1 kU 1 uM O 2 KETHA DY 6 BEO MS it
THELL, TOHEAS, 2,4-D 0BRBESM LT, HRCYa—-1rE23LLOTEOA LV 2EE
E:labs

Ao ORI, VThLHEREIC 0ml HTHELT, Bk > TNMEHBEL 72 ¥
MR, BE 1000V 7 AQHERIAT, HE16 KM, 25°C OfERE Lo

B #RIEE

2RRHOBIEEE 60 BRIFT - AW VZB 0BS5S, Y a— rESHMELIH VRO %, Table 25
iR L1z, Table 25 O¥fi% MosTeLLER and Yourz (1961) ORTEMERL 05, SHHUMTL
FEER, 2,4-D OBERICDS 0.1% KETHFEUESED SN, ZOHSRIITI.T% ERED - 120,
NAA OEERIcREEE ED o>, 2,4-D O 0 REERE (0.0l gM) OEH ET£L
DHNZIPEY a— FEHMEL TN, BESSCKICONT, Ya—bEMET 370 20KEIRY,
1uM TREL va— b 2HELEMh o7, T/, NAA OFIRI2BohiEd -1,

wiz, 2,4-D & NAA 2Fn®0 0.1, 1uM OBETHASDOE 4BHEHO MS B L TiT- %
SIRHOMIIEELE LAV ZEAL, 2,4-D & NAA 2MlAEbEINA 7 6 EHO MS T4 1R
AoE&s L, 208R, va— bEKEA IV AEE Table 26 ISR Lz, SRKEEEEMM S
A5&, 2,4-D OBEN0.1uM TR, 1M kb bva— bEBRLILIAVIOEMNEV, 7, 4
REEEEMA 5L 2L, NAAOHRIRES B -cDicL T2 4-D OEHAKEL, 0.01
UM TREBLAHVAD I0~100% 22— bEMELED, 0.1, 1uM TRV a—-FE2REEAL
SHE L7 d - 12 (Photo. 28),



- 92 — B ETIAFPIARE 83605

Table 25. #FFYvRETF I HN2D 2REBRERICB T

2= FEMELIANVZE (v 10 E%S729)
Numbers of shoot formed calli on 2nd subculture in P. ca-
nadensis (per 10 calli)

Va—bESMELIZA VR

9, 4D No. of shoot forming calli
NAA («M) it
Total
(«M) 0 0.01 0.1 1.0 o
0 9 10 9 7 35
0.01 8 9 10 4 31
0.1 3 1 4 1 9

1 0 0 0

it Total 20 20 23 12 75

T RTOHEMIT 0.316 u M D BAP % &1,
All media were supplemented with 0.316 u M of BAP.

Table 26. HF+F v 2XT7FHNZO 4 RERAEBFIT Y o — boMELIZ AV ZE
(A 10 E47120)

Numbers of calli which formed shoots in 4th subculture in P. canadensis

(per 10 calli)

& e 28 g 4 REAERGIC ML LA V2B

?gﬁmg?ﬁifi? (3RED No. of shoot forming calli in 4th subculture
0.1* 1*

2, 4-D(uM) NAA(eM) 0.01** 0.1% 1 | 0.01% 0.1% 1%
0.1 0.1 10 1 0 10 0 0
1 0.1 8 0 0 3 0 0
0.1 1 10 0 ¢} 10 0 4]
1 1 7 0 0 4 0 [¢]

FIRKE R, MARIEREEM & $ 120,316 uM O BAP £,
Both preculture and subculture media were supplemented with 0.316 uM of BAP.
* . NAA B8 Concentration of NAA («uM) **:2, 4-D ME Concentration of 2, 4-D (aM)

I 5 D5LEEZE MosteLLER and Yourz (1961) ORTEMEHRL, BT LI, ZOEE,
JKREHOA—F v v (2,4-D &£ NAA) DHlAGHLELEEICR, 1.0% KETHEEMNED Sz,
T ORERIZ464% LE,r oD L, 4RESMO 2,4-D #BETIR0.1% KETHEELED S
h, 20FL5RIL82.61% LFEFEICED - 1.

i 500 HRIkRIERB LAV ZIHSDY 2 — Forb

A MEEHE

AFFVYARTIOH VAR, MS BREMTHAERLABECIBOTROKEERLI %
T, ¥y rolEBID MS Ao iEsic, NHNO, DBEZ 2 - MS-IN & MS—/DN 55ih
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2,4-D
0.1xM

NAA
0.tuM

2,4-D
tuM

[ NAA

0.1uM

x{ 2,4-D
B! 0.1uM
NAA

| uM

2,4-D
1uM
NAA
luM
in preculture
medium (MS)

2,4-D 0.01 0.1 [ 0.01 0.1 | (M)
in subcuiture
medium (MS)

NAA 0.1 | (uM)

Photo. 28. A+ F Vv YARTSOANZARBMAIERICE T Z Y 2 — FHEDRE
(MS 3D

Shoot formation during 4th subculture of callus tissues in Populus canadensis.

2MZ, LT, BOEOOKEMIZIZ 0.1 M © BAP, 0.316 uM © NAA R 3.16 M D 2,4-D
EMA I, Th o ORMT6~8 REOMRITEEZTL, M EBALLSK 500 HRIER L /2A V2 %45}
(LB BRE L 1o

A, BEY <5 v LRI WS-BED I »ic, NHNO, DB%ZFEA /- WS-thN &
WS-£N ¥ L, £h£hic NAA 2 0.1yM MA, &5, Ya—-tMLos|&EsheEl T, ¥
TFVE316M & 10 M @ 2KETHEML #2,
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B EMIFREIC I0ml HTHEL, FERCL - TNEREE U 7o BERER, BE 2000 v
v 7 ZDHEATRET, HE 16 Bfd, 25°C ofEl|E Lt

B #R:ER

HEMEE OBHICBIZAILILLDY 2 — b DERER (¥ a— MERD VKRS V2
x100%) % Table 27 IZ/R L1z, AR EHLIEHIOMD 552 &, WS-thN T 91. 7~100. 0% %7K
L, IRWT, WS-£N T 75.0~100.0% &EB\h-t, ThicHL, WS-HEHETIE, 33.3~75.0% &%
PE, o, £h, ¥T7TF VOBENcALBA, WSTEN TR, 3.16uM & 10uM Loz
DA LN - fohs, WSHEHEE, WS-EN Wi, 3.16uM £ b b 10 uM TOERPHED -
Foo EHIC, BHAEBEMOMD S A 1IBEOTRBER, KELROHBRDSNED -1,

¥ 2 — MR #E% MosteLLER and Yourz (1961) DR TEBER L THEANTL 2. SM{LEIEEH
RICi3 0.1% KHET, 1, €7 F VBEMICE 5% KETHERESED S chs, SHAEERER
EEEESED S hEh 5k,

4.3 NI XOBRIEEICE L IEERREU DI AOEEERFEITRAN LS

REFS LRGN

TR, A¥, so=y, RUEZSEED, H 1 OMIEERICET 2R L fY+ L E
DEE, HMASHEIRSVTEERL, &, B2 7532 hLELARTSEHDO AN AR RITTHE
Pt E y ORFEBEICDVTRITL, Soic, BMREBCXZMVAORETHERKEERI VR
0o DIREHEMUE 2T AHRE E L0,

Table 27. 500 HFEEB LIz A+ F Vv RABTIHNADY 2 — FERE (v 2 — VERD VRB/#R
NNAEB) '

Shoot formation rates from calli which were subcultured for 500 days in Populus canaden-

Sis

S v a— MESRR Shoot formation rates (%)
Differentiation medium
WS—E# WS-thN WS-£N
WS-standard WS-median N WS-abundant N
T F EE
Concentration of Zeatin

(M) 3.16 10 3.16 10 3.16 10
AR E B
Subculture medium
MS-{ErE 80.0 66.7 100,0 91.7 75.0 83.4
MS-standard(NHNO; 1650mg/1)
MS-tHN 58.4 75.0 91.7 100.0 9l1.7 100.0
MS-median N (NH4NOj; 620 mg/1)
MS-' N 33.3 66,7 100.0 100.0 83.4 100.0
MS-less N (NH4NO3 165 mg/1)

SHLEEHIE Table 21 10 Lo AMEIEHNCIZ 0.1 M @ NAA %R0,
Compsitions of differentiation media were same as Table 21, and were supplented with 0.1 #M of NAA.
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4.3.1 =¥
1) #EEHE

i NAA & BAP #M0Z7:%ZE WS kU MS it coMR1gE
HEAEBA BROH L 22 HL, %E WS RU MS e, NAA % 3ER (0.316, 1, 3.16 uM)
L, BAP 4B (0, 1, 3.16, 10xM) OEE THASOE TMA 1-F-—HoEHc A RO,
10ml OFEMAERBEICHEL, FHRiCIOMERE L, HEELL 2, HBEEHE, BES0 VY
ZOHFATIEIAT, AE 148, 25°C OEERE L7,

MATBOMAMEIFC BT 24 V2 DRERBOFMIE, BRHEICL - TROL I KHRETA
: HBRENOERMEORASLU LS LR TEbIIIES
D EBRMEOD 1/2~1/4 A VA TRbI B
BNVADED BEEHERMED 1/4 Lo/ hs s
D BCRE LV, BRELES
BRI, B L oFASHEARBERTRL AL, £EFREFR4E 2& 1 ofEER
L BRER s AR BRER R L EaRTE LT,

HE, BBOr oy EBEE 7SO NVABEROTAEICS COFRER - 1,

ii c-AMP KU dib. c-AMP %H1Z 7 WS 1T OMMRILE

6 ARIOKXBEFREOH V2 %AW, BAP ORb Vi c-AMP & dib. ¢c-AMP % 0.01~10
M OBETINA - WS E TR B L, -3 v v ELTRTNTORHIC NAA %0.1
M OBETMA I,

REOFERUCEHRFIHEFC & L,

BE, HHERBFEBROTETEL

i B 2DORREBEIC L 5ERHRE

LR OHFESLRES S, Table 30 K RLA2& 512 c-AMP, BAP RU NAA % L BRXRTERE
BEx#HiAAbEMA - WS EHA2EBREICHNL, 2¥rr2%2 6l LSO THRAEES
Biiffoo BEEEMR, BEE2000 vy 7 2QBRATEEAT, HE 16850, 25°C OfERE L1,

(2) #HREEZ

i NAA & BAP £MA 72&E WS KU MS i co#fUE#

WA WS B TR L 7z 2 VR3PS compact THBEOIX LT, MS TP friable &
HVAEBEREL f2, 1 EROBEIEE% Table 28 ic/RL 7o MS B THE& L 7o b 0 X IBHYIO
BREMRL, #uzE@LSEBENEN, 3SHBCERBAKESUETHF, LiL, EhTbH 4
DRCECHABWERE WS B O VAOREERIIKE» -, BAAR, 5HERRRISE
LiBfd, BAP OEBEREM TOARERISC, SBEICNZ W TEC A7, NAA K, 1
2316 uM OBESHEER TS - 7.

Sarro (1979) &, WS i b L LT, N, PRU K ORZ2EALEBHTIFHIVIEEEL
7452, NH,NO, OEEEEMTEI A NVADBREST 3 L0800 > 1, TONHNO;, ORid, T

(== B -
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Table 28. MEMIEEICE B X FH VR OBHEKREEK (WL WS RU MS i)
Growth index of subcultured callus in sugi (Cryptomeria japonica) (modified WS and MS)
HRERRRIEE Growth index
MR - ”
Grwoth regulators X WS ity MS #zith
Modified WOLTER and MURASHIGE and SKOOG’s
SKOOG’s medium medium
NAA(M) BAP(uM) 1st 2nd 3rd 1st 2nd 3rd 4th
0 1.19 1,98 3.19 0.7 1.68 1.23 1.855
0.316 1 1.14 2,04 2.26 0.83 1.62 1.48 1.80
3.16 1,58 2,01 2.86 0.43 1.06 1.41 1.67
10 1.06 2.10 2.56 0.51 1.00 1,00 0.60
0 1.64 1.89 3.25 1.36 1.92 1,94 2,58
1 1 1.14 2.10 3.09 1.05 2.14 2,35 2.84
3.16 1.16 2,35 2,65 1.02 2.36 2.48 2,58
10 1.10 1.69 2,658 0.53 1.67 1.88 1.88
0 1.60 2,03 2.80 1,57 2.48 2,42 2,98
3.16 1 1.e8 2,23 3.31 1.64 2.9 2.72 3.08
3.16 1.20 2.14 3.12 0.91 2,59 2.60 2,32
10 1.00 2,02 3.15 0.61 2.19 2.26 1.74
&AW (A 4 4 4 3 3 3 3
Period of subculture (months)

WRBEEERII LV ZORERES 4, 2, 1 /R0 0 THALEZSOEEH L 14,

Growth index was mean of score (4, 2, 1, and 0) of callus growth rate.

THOWINE WS EfOFRICE»P -1, F1, AFHI LV 2OBMEICE W BAP & NAA DEEA,
AMECHVEBELY BEVE XA VAP L CRE LK (Sarro, 1980 a),

COMEMD, REH VAL, NAA % 1~3.16uM, BAP 2L (0) b (EBETMA 730
WS A H W, 4 b A TEOBAME TRIMMREESHE L Enh -1,

ii  c-AMP KU dib. c-AMP %12 12 WS i cOBREESE

BAP offb iz, 44 + A4 = VEEWMETH 5c-AMP & dib. c-AMP %, WS EMUcHML T
AFANZERRIEEL, 6 RHE TOEFRE M EIEE % Table 29 1II/R L2, c-AMP, dib.
c-AMP #MA L BHMOEFR EREREE, HBRXICENTHVEERL L, 2L, SRETH
ZBaIiE, HRRICEWEERL 7, SMELTZER and JoHNsON (1977) OFEEIC Xhud, H#uc
52z 7 ¢-AMP 13, Pinus taeda ®H VZOHEERBOBIMICHREZ#D I,

BAP 2#MA M TOREF ANV ZOBMARIEER, dLH L ICHIABETILEND - 12M, o
AMP #7213 dib. ccAMP 2MA 238813, 6~THh AL OMARE T, REREREREZE
{TBHIEMTEBLIENGMh T,

i H R OBREEERIC & B RRE

Table 30 QYR ERGME ML b ERHE b, HAMEL T4~5LAMBA V2D



Table 29.

A FH N ZDRERICKRIZT c~-AMP KU dib. c-AMP OFR (WS £
Effects of ccAMP and dib. ¢c-AMP in WS-medium on callus growth in sugi, Cryptomeria japonica

BAIEE Subculture

TR A E 1423180 H) 2 (227 B) 3@z @) 4483181 B) 548188 A) 68231 B)
Growth regulators 1st(180 days) 2nd (227 days) 3rd(212 days) 4th(181 days) 5th (188 days) the (231 days)
HER | REER | £ER | MRER | 2R  REEHE | 26 | REER | 45 | KEEH | £5ER | REEH
Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth
vival index vival index vival index vival index vival index vival index
(M) (%) (%) (%) (%) (%) (%)
i Control 70.0 3.8 67.7 3.8 78.9 2.3 93.3 2,7 92.9 3.7 71.4 2.8
c-AMP 0.01 100.0 3.9 68.2 3.3 85.0 3.1 93.3 3.3 100.0 3.7 92.9 3.6
0.1 89.5 4.0 68.4 3.3 84,2 3.0 100.0 3.0 100.0 3.6 80.9 3.7
0.316 30.0 3.5 64.7 3.6 84,2 3.0 100.0 2.7 100.0 3.7 80.0 3.1
1 90.0 3.6 62.5 3.6 84,2 3.0 100.0 2,9 100,0 3.5 82.4 3.2
10 95.0 3.7 6l.1 3.4 83.3 3.1 100.0 2.7 88.8 3.5 85,7 3.4
dib. 0.01 95.0 3.8 70.0 3.4 73.3 2.2 90.9 3.1 100.0 3.6 71.4 3.1
c-AMP 0.1 95.0 3.6 78.6 3.1 71.7 2.9 100.0 3.1 100.0 3.7 85.7 3.4
0.316 70.0 3.6 53.8 3.4 88.2 3.4 100.0 3.5 100.0 3.9 80.0 3.3
1 70.0 3.6 52.9 3.4 76.5 3.4 100.0 3.4 100.0 3.9 78.6 3.6
10 70.0 3.9 57.1 2.8 62.3 2.6 100.0 2.8 90.0 3.5 69,2 3.4

BEERREI IV AOBREERES. 4, 2, 1, RU 0 LFHALL DETHLIH. TRTOEHMI0.14M D NAA ZHM,

Growth index was mean of score (4, 2, 1, 0) of callus growth rate. All media were supplemented with 0.1 uM of NAA.

(H%) XN EOREH LK - BROYH
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Table 30. R FH 2 ORAILEICHE L /- BEHUEH R,

Suitable medium composition for sugi (Cryptomeria japonica) callus

subculture
HEYIRERATME Growth regulators H WV ADRE
NAAGM) | c-AMPGM) | BAP(uM) Growth of callus
1 1 0.1 B, Good
1 1 1 8, Good
1 3.16 0.1 PPAR, Poor a little
1 3.16 1 H, Good
3.16 1 0.1 B, Good
3.16 1 1 PP AR, Poor a little
3.16 3.16 0.1 B, Good
3.16 3.16 1 B, Good

Zizspohd, 5HAXBETHLOoONVAKAICDTDLICEELE Uk, —RMOBMTRIVAOKE
WELEZODEH -1, BEAZOEMTRIFSA4OREERL, £ LT, MBI 18
Fol, 6PATLOBAMETITL > TRETE 7,

18 ERj oML EDI., O EDH VA LBEOBOBES L - EZEMDS L, 17,
BBAINVZRELTF VEMAL WS EHICBIELTY 2 — OMEERA 05 HEMEOTER 2
B HNITH o1z,

4.3.2 7ua=v

(1) #EEHk

i 207y ANRDEELRECRIET L-TAF¥F= v EREZOHR

RihERO 7 o<y AV 2B, SSSEMOEHE N OBFMSBE2REHI, L-TArF=v g
100~800mg/1 DHEH T, F/-, KFE% 50~400mg/l ORETENE N 4 BETIA 2, KU1
10puM O NAA & 1puM © BAP #MZ, EURSOEHTRIUA VI EBHREEL o D V2D
REERAFAVATHWAFHAKREFCE L, #U1 RE#ER 1008, 2, 3REIR 70 BTHA~
Foo BRRIEHIZZA ¥ LERRICHADOFESME L, HERIT 1 REOBEBZIH L ARERIcHd 2 &1t
ROFL0ERLBREOBARTEL I

B3 ABREICK 10m]l HTHEL, HHECI->TIEKEL, BEREI, BEI1004y 720
HAITHE, BEI6MH, 25C oERE L,

i Z7eaevhLZOMRIERICKIEST NAA & BAP OoHER

HREBCBI YT LVE Y OEBRMEBAB A9, 400mg/l ® L-7A¥=v&2N4 1 SSS
BT, 7oy BB RO L 2AOBMNKERET -7, NAA %£3.16, 10K%kT31.6u4M &, BAP
20, 0.1, 1R 0uM 0 128D DHlAaEbE L L, BHREL, BOoBOOR—HsE&bROR
TR L, REIERBHIELFECL, 28R, SRV R S 2oRBRER I
A4 L2 LI BRLAEARBRESHBOGSRTER L,



BARDRE « 7V 2EROEBRNHZ (L) — 99 —

BBREHRAIEEIFACIL, $2hA &AM,

2 HRIER

i 7Y I NADAERLREICRIET L-TAr¥= v EREOSE

v X DEREIER EFERE Fig. 4 1ci8f i, SRUSE 1REO» L 2 OREERIZ S ot
W& ote, 2REL SRADA L RDEER, L-7 A¥ =% 100~400 mg/l MNX M TEAT
Wi, 800 mg/l MA B TIRPPLARARENLYD, BET B EMBBh 1, T2, 200mg/l DRE
EMA TG TENEEE L, 2~3RARL B HONTREEEDSE -1,

IR, L-7vF=v2MA BRI b, REEMAEHTEL, B, RES 400 mg/l
WA 735 T3 75% & &b - Fe,

BrowN and Lawrence (1968) (&, Pinus palustris ® A )V 2 ORIEET, MS E#tims 7y o
YERE, TANIF EMA, JAA ORDLDIC2,4-D 2FMLAE S L WEERE B, RN o
E DAV AKEETIE, STEINHART et al. (1961) I3, SSS E#ucii L-7 ¥ =% 400 mg/l, [R¥E%
200 mg/l BRNT 20K BERE L TWE, EEWVIT-17 02y HVAORRIEETS, L-7TA¥=y
400 mg/1, R 200 mg/1sEBTH - 12,

i 72y bl ZORKRIERICRIET NAA & BAP ohE

NAA & BAP 2#laAb€MA 2 SSS iz, 7 o<y 4 L 20HREELTYL, SHROLEE
REMRIGEE Table 31 KR L7, 1REOEFERIPPED - 7248, 2RELIBBIZE 8512, 2~

) %) (25) (15)
0—0 (5) 0 o/o\(-,s)

3r > (o)/ (o}
— (5)
6<m“%N@ ()
L)

3 ® e
£ \
z 2f (75)
1] (s)
® (0) 3
oy ey, .
g (0) (5) (5)\(5) \ /
' (I5) X
(75)

*—= X B Ist generation
o— @ 2{¢ B 2nd generation
O— O 3fX B 3rd generation

. s, - )

L L L A
100 200 400 800 50 100 200 400
L-arginine (mg/1) Urea (mg/1)

Fig. 4. L-7A¥ =y EREMHI o2 h L IOREEHBEICRETSHE
Effects of L-arginien and urea on callus growth and motality of Japanese black
pine (Pinus thunbergii).

() - BEF 3R,
Accumulated motality, in succesive generation.
BREKIANVZAOEERES 4, 2, 1RUF0EFALLbOEFHL{E,

Growth index is mean of score (4, 2, 1, 0) of callus growth rate.



Table 31. Z o= ﬁlll/xo)ﬁiﬁitﬂdi"?‘ SSS-#Elic A HEMA - NAA & BAP 0%%
Effects of concentration of NAA and BAP in SSS-medium on callus growth in Japanese black pine (Pinus thnbergii)

— 00T —

YRR BYE BERIEE Subculture
Growth regulators
£ 1R 1st 2R 2nd 3 3rd 48 4th 5% 5th 648 6th
NAA BAP HEER | REER | £ER | REER | A5 | REER | £AFEE | REEH | £ER | REER | £4FR | RERK
Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth | Sur- Growth
vival index vival index vival index vival index vival index vival index
(«M) (uM) (%) (%) (%) (%) (%) (%)
0 66.7 1.3 100.0 2.2 100.0 2.3 100.0 2,2 86.7 2.6 92.5 2.5
3.16 0.1 75.0 1.2 100.0 1.6 100.0 2.4 87.7 2,2 86.7 2,2 91.7 2.2
1 71.8 1.6 87.5 1.9 100,0 2.2 80.0 2.8 83.3 2,5 100.0 2.9
10 87.5 1.7 100.0 2.6 100.0 2.7 81,3 2.7 86.7 2,6 77.8 2.3
0 88.9 2.3 100.0 2.4 87.5 2.6 83.3 2.9 100.,0 2.9 100.0 2.7
10 0.1 87.5 1.7 100.0 2.0 9%5.0 2.0 100.0 2.3 100.0 2.4 100.0 2.3
1 88.9 2.1 100.0 2.4 95,0 2.0 100.0 2.3 94,1 2.3 100.0 2,6
10 88.9 2.5 100.0 3.3 85.0 2.7 94,1 2.0 8l.3 2.0 84.6 1.9
0 77.8 1.7 85,9 1.8 95,0 2,1 89.5 2,2 88.2 2.2 100.0 1.1
3l.6 0.1 100.0 2.2 80.0 2.5 93.8 2.1 94,7 2.6 100.0 2.3 94.1 1.4
1 88.9 2.6 87.5 2.4 94,7 2.7 88.9 2.4 100.0 1.9 88.2 1.3
10 88.9 2.3 100.0 2.7 9.0 2.4 85,0 2,2 88.2 1.8 83.3 1.3

REEBRIAVZORERE. 4, 2, 1, RU 0 LFALLbOEFE L.

Grwoth index was mean of score (4, 2, 1, 0) of callus growth rate.

SEME O WY

£ 09 &
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SREBOREREREISZVEFHLONLOY, 6 HDO NAA % 31.6 uM IIA BEHITIZ, AR
DRENOTMICHB LI, $7/:, NAA, BAP L bicHBEOE LIt 5 5~6 KRB L 2D
B ET L o

7wy il AORNRERICLIEMREER, NAA 2 10pM &, BAP 2 {K#E £ - 3ERMO
SSS KM bT, 2T EHARCCLICEDEIRETH B Z Enh - T,

4.3.3 £738

(1) HREY<FS>vOoALVAMEIKRIZT BAP &4 —F v vOR

i MR EHE

RZSEANVAOEMICIE WS Bl & MS BB L TWAB I b1, £CT, HEY
<+ I v hLR%E MSHH (2,4-D % 1uM & BAP % 0.1xM HID T54 (3270 B) #REE
LA NRERY, RO=Z-S>DEREIT -7,

@ BAP oFBF®EHH N 2 DHEEICRIZTHE

A4 bAAL = LT BAP ML QM) &x&, 0.316 M OBETIMAILLEZDA N
ZMBEICEZ A3RICOVT, 0D I VX THE L,

@ A—FvyOFEESHNVAOREMICKITTIR

NAA, 2,4-D RU JAA OHES ANV ZADEREIZGAZHRICHO>VWT, 12@OA VX TH T,

@ F—FVUOBENHLAOERIIRITTEIR

NAA, 24D KU IAA 0BEAF0hF00.1, 1M 0 2BREOBE THASLYE, 1THOA L
ZEBWTH N ROWRIZ T 2B E T~

HVADHEDOHLARIAXDEBALEICEL, AV 2OKE [B] d54 & 2 257 L RBREKT,
7, [RR, W) 3FS1 & 02 R LRSS L,

IhoOEBRE, Ly BEXFIEO M citEios 2R/ L, S8EIC10m] HThaEL,
BHEICIOMEREL 72, B4R, BE1000V ., 7 ROFITRIEAT, 1685 EE, 25°C off
Bl

i HREEE

@ BAP OFBEMH LV ZADHBEICRIETHER

ANZORE (Bl & THRR, W] oRBREHE, Table 32 @ ikxli, 25, BAP 2MA
BWEHE L D &, 0,316 uM OB TMAZEHTON VIORE (B O¥ME <, BAP niEY
R+ VDOHNADEBEEERHNTVE LMD,

FEHEOERIE, BAP OFEOMIC 1% KETHETH Y, TOFERIL8K TH -1,

@ F-Fv ORESHNVRAOEBEICKRITIIR

MS HeHbic 0.316 kM @ BAP 2MA, #hic NAA, 2,4 D RUIAA 22 2h 0 RU 1uM
OBETHAEDEMAT, WV RORERS I MBLFNIEER%E, Table 32 @ iBiF 1, 2,4-
D 2MA - BEHTOI VZORESFES L, ROT NAA ZMALBHTLPLLL, TAA BN
DB EL Eh 5 1,
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Table 32.

dentata)

HHR ST ARS

@ MR ORKEIKRITT BAP DR
Effects of BAP on callus growth in aspen hybrid

#3605

¥Ev <+ 5 vV ROERICRIFTHYBEEFEHMEOHR

Effects of plant growth regulators on callus growth in aspen hybrid (Populus sieboldiix P. grandi-

Y4 bHA=Y A —#% ¥V auxins v 2Dk Growth of callus
ATV NAA 2, 4D IBA B KB, HE
(uM) («M) (uM) (M) Good Poor or dead
0 0.1 0.1 0.1 2 18
0 0.1 1 1 15 5
0 1 0.1 1 7 13
0 1 1 0.1 16 4
0.316 0.1 0.1 0.1 6 14
0.316 0.1 1 1 18 2
0.316 1 0.1 1 12 8
0.316 1 1 0.1 18 2

@ HMWADHRERRIETA -+ v OBBEOYR

Effects of kinds of auxin on callus growth in aspen hybrid

A PAAL=Y A—#* v Auxins A RO EKE Growth of callus
Cytokinin NAA 2, 4-D IAA B RE, R
(eM) (M) (uM) (uM) Good Poor or dead

0.316 Q 0 0 0 12

0. 316 4] 0 1 0 12

0.316 0 1 o] 11 1

0.316 [¢] 1 1 10 2

0.316 1 4] 0 3 9

0.316 1 0 1 4 8

0.316 1 1 0 12 0

0.316 1 1 1 12 o)

@ HLROKERRIETE -+ VEOREOHER

Effects of concentration of auxins on callus growth in aspen hybrid

H4 A= A —% ¥ ¥ Auxins A2 Dpk$ Growth of callus
Cytokinin
BAP NAA 2, 4-D IAA B AR, 5
(M) (M) (eM) (M) Good Poor or dead

0.316 0.1 0.1 0.1 4 13

0.316 0.1 0.1 1 5 12

0.316 0.1 1 0.1 13 4

0.316 0.1 1 1 15 2

0,316 1 0.1 0.1 8 9

0.316 1 0.1 1 6 11

0.316 1 1 0.1 15 2

0.316 1 1 1 17 0

HADEE TR @3FA 4 20RRERLEAVZAORBEY,

2 DOHRBEH,

Growth of callus : “Good” indicated numbers of test tubes scored as 4 and 2, and “Poor or dead”

indicated numbers of test tubes scored as 1 and 0.

[RB, ] 3FS1, 0DREERLILANV
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HAHMEBEIT>7cL 25, 2,4-D & NAA OEHRIZE BIC0. 1% KETHERDGRD SN, HE
DREMEHS 5% KETHETH »12, £ LT, HF5RIE NAA #5% #icHL T, 2.4-D 3 75%
DEEERLI,

@ F-—FvUBEENHLIOEMEICRIETHR

BAP % 0.316 M fMZ, NAA, 2,4-D RU IAA 2&h€h 0.1 & 1uM O 2 KERFETHAS
beMmAsc MSEBHTEZELL AV Z2OREKEERR, Tabled2®@ 0 L0 TH 3, 2,4-D 20.1
oM MAZZEEHE D &, 1uM A LB L A V2 ARES €, & 512 NAA % 1 4M A 734
TREDOB&EETRL 1,

DNBAREIT > R, 24D 1 0.1% KET, NAA 35% KETHEETHY, F5REzhe
Nn75.7 1.41% THY, 2,4-D O 1M BMOMBEHTRE Nz,

(2) AFFrvyRAEFIANLZAOHRIEBICRIETA -F v VY EHOHR

i MR

BAP (0.316 uM), NAA (0.1 /13 1pM) & 2,4-D (0.1 £ 1 M) 24 a8bEMA 2 MS
T, 1REOMRIBEEELALAFF 22750 A 025, 2REDH VZOMBREILS
A5 24D & NAA OHREF~/, $7bb, 0.316 M © BAP £imA # MS Bz, 2,4-D
ENAA 2F0ZFN0, 0.0], 0.1 %0 1uM @ 4 KEOBELHASOERML 72 16 BoOKH% H
EHL, REMICH100me DAL REBRL T 60 BREIEEL 72,

wic, SKREMNRERICBVT, BAP %0.316 uM OBE THRML 72 MS #ic, 2,4-D & NAA
FENEFNOLIRUG I M OBECHAOGDEMA: ABEOEHTERE LI VASER L, C
DA NR%E BAP 2 0.316 gM &4, 2,4-D 0.0, 0.1, 1M, NAA %20.1, 1M O#ETH
HEDE 6REED MS Hilic, ¥100mg FoBHL, 60 BREEEL 7,

L~ ZooERIC I, EHAERREC 5ml $THEL, FECX- TIMEREL THVW .
BBEMAE, BE1000 vy 7 ROBGEITREAT, B 16 K, 25°C ofdid & L1,

i AEREEE

NAA L 24D 2 zhZh 4 KEOBETHA DY MS 2RV, BB BEICET S
WA DEFEROFE - ERRFES Fig. S KR Lo P VADEEIR2,4-D OBEH0.1, 1uM D
gEHicEh, 0.0luM EUEHITREREE Y, BRNOBEH TR SKEKESE -1, THDLB,
AN ZOEERIR 2 4-D OBRMBOMMC>( T, FIZEEMNICHEINL 2, NAA OBEIIEELE
A otie TR 5D H N ZOFEKI% Photo. 29 iTiRL o

ANZROEBEREHEINE L R, NAA oXIREIFEE®EREY, 2,4-D 0ERI0.1%
KETHBELLD, 2OF5RIT6.8% LFEHICEL -2, RIZ, 2,4D & NAA 2HlaAbYE L
AEHOEMTIREORRIEZERE LI VRE, 2,4-D & NAA 248 E 1 6 BHEOEEH
WTAREBOMIREEE L1, BB HROH NV ZAEEBROPIME T EHRRFE X% Fig. 6 128 L1,
CITH2L4DOBESKEEEBESA, SREHD2,4-D & NAA 220 % 0.1 M MA K
EMTEELI- AV 2EERR, 2BIC4RBolotiTte/hah o, L, 4REEMOD 2,4-
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+H$ﬁ?§ Standard deviation

{8 Mean+ + + + .4
T.++ ++ ++ ++

0

2,4-D 0 0.0 0.1 ¥ 0 0.01 0.1 | 0 0.001 0.1 | 0 0.00 0.1 | (uM)
NAA 0 0.0l 0.1 | (M)

AL A4ER
Fresh weight of calius(g)

Fig. 5. #FF vy RAR750HVADBREICKIZT 2,4-D & NAA O0BEOHE (MS
D

Effects of the concentration of 2,4-D and NAA on callus growth in Populus

canadensis (MS medium).

TNTOEMIC 0.316 M @ BAP 288,

All media were supplemented with 0.316 zM of BAP.

DOBEOREETZT, 2,4-D OBEAMT I ONTEEN I VAOEERSM LS, 7, 3
REOEMIZ 2,4-D & NAA 22nEh 1puM A, 4REEMIZ2,4-D 20.1uM & 1uM O
BCMATEELIE OV ZEEROBEVIRIZEA LD -1,

Bonfe AV ZAOAEROMBEL SN LAER, 4REEMOD 2,4-D 0FXHRE0.1% KETH
BThy, T0oRFE5RITI% LEL, £k, SREZMOEYN T L E OB EGbEOMICS 0.1%
KETHETH - 1245, HERR 0% L/habh -1,

8) RFSEH N 2OMRERIT L Z2REFTHEEY

i HRE B

FUL RSSO AL 2% MS i BAP, 2,4-D kU NAA 2#FMLTRIZ60H &4
HREECRAERET 7o CORE 1+ 7V 2E7SPE Y FoRERBH TENLEKREERL
LEICERAR Y VRONINVRERRT B Ebd ok, £IT, HREBICL I V2OEEESLH
e, RO 18BHOBMERYL 2, $1bB,

EEHuRR 3 X BAP # 1 X NAA B 2%2,4-D #E 3=18 B oM

B AR 3, MS-#E# (NH,NO; 1650 mg/D) @ iE»ic, NHNO; OBZ® 5 L/ MS-$N
(NH,NO; 620 mg/1) & MS—b> N (NH,NO; 165 mg/l) 2 A L, £/, It L eV ELT
BAP % 0.1uM, NAA 2 0.316 RTU 1M @ 2 BifE, 2,4-D % 0.1, 0.316 RV 1M @ 3 BEEED
BETHIADEMAT, BBYr~F+ 5 E3H8EOXR TS HL2ESREOERS,S, BIE60BT
L zhZhRl—OEMICHEI RO THRABELZITE s, ZLTHALRDEREMNEL, d30RH NV
ZADOEBEL B EHRROROBBICBFALEVILEL, 7S IBTNThOALZDRE
BICE L B EEERE I L > TR L2,
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NAA (uM)

2,4D O 0.0l 0.1 ! (M)

Photo. 29. #F+F v Y XRE7IOANVRBEERRIETA -+ v vEEOYHR (MS 5E#)
Effects of concentration of auxins on callus growth in Populus canadensis (MS
medium).

FTRTOEMI 0.316 uM © BAP 258,
All media were supplemented with 0.316 y M of BAP.
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ak
2,8-D 0. 1uM
NAA 0.1uM

at ‘
+ + 2,8-D 1uM
3k + + NAA 0.1uM

C

w

2

= 2p

o

2 r + BRI
w0 in preculture medium
£ (MS medium)
= MEE# Standard deviation

Li'i il +3Fi‘3 Mean +

: 3b + 2,4-D 0. 14M.

# + NAA |uM

X

ES

R

R X S 3 S

NAA |uM
2} + +
'-
0 1 i i - L. Il
2,4D 0.001 0.1 | 0.00 0.1 1 (uM) dfEeestisgeiey
in subculture medium
NAA 0.1 | (uM)  (MS medium)

Fig. 6. A+ F Uy 2ART75O0ANVARERLRETA—F ¥ v BEOSHE
Effects of the concentration of auxins on callus growth in Populus canadensis.
FTNTOREMIC 0.316 uM D BAP 288,

All media were supplemented with 0.316 4 M of BAP.
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B BRE I 15m]l dTHEL, BHRICIOMEHEL 7z, BERMEE, BE300LVy 7 ROH
JEATHEAT, HE 168AH, 25C ofEl & L/,

i HREEE

BEHOEMEPEAMTOMEHEL, HERKL>THEZS L XO/REEEICHE L - BHE 5
FUIFER%E, Table 33 i3 & o7,

B E A3 L, #7SBHROHMIcE T 22 L 2OKRIBBICHL /2 MS E1ic& 3 h 3 NH,
NO; o & &2, Miffic3—FoEEREL -1, BOTWAE, Tachamahaca BicBT % 2D
75 Populus simonii & P. maximowiczii &, N BRGWDEL TEHVZAMEET 5T %R0
foo £72, NAA £ 24D OBEEORIcb TR LOBEVRED SQLL -, LifoK75 28
i, BRED2,4-D ML, £, NAA $PPEVBENIL- Lk, TOMORT ST, ANR
OHMRIZBICHEAL NAA £ 2,4D OBBICRBELALEREL 1,

IDEHE, MEERI-TIBEORT >V THREBCEL LR Ut v E VHIROBRE%:
FTORHS, BIFE0HTLIcRIEEL/2& 25, Table 33 OEAWMCIBT AR ORI, ¢
bbb, #F5HAV2131300H GO5HE) 529008 (WEE) oEEbl~TRETEC LN
T&E o,

Table 33. #7502 OEEAEERITHE L 7o 5 AR & SRS B E R H K
Suitable composition of medium for subculturing and possible total subculturing days in
calli of various poplar species

R RICHE L 750 A—FvrORE MAEEEE
B OB Suitable medium in Conc. of growth regulators | H 54
Species subculture Numbers of
p NAA 2, 4-D subcultured
days
(uM) (M) @
Populus sieboldii . MS-standard N 0.316 0.316 1500
P. alba MS-standard N 0.316 1 1300
P. sieboldiix MS-median N 0.316 0.316 or 1 2900
P. grandidentata
P. simonii MS-median N 0.316 1 2200
1 1
MS-less N 1 1
P. maximouwiczit MS-less N 0.316 1 1300
1 1
P. deltoides MS-standard N 0.316 0.316 1300
P. canadensis MS-standard N 0.316 0.316 or 1 1800
P. euroamericana MS-standard N or 0.316 0.316 2100
1-214 MS-median N
P. euroamericana MS-less N 0.316 0.316 or 1 1300
1-45/51

TANTOEMIC 0.1 uM © BAP %%M,
All media were supplemented with 0.1 #M of BAP.



— 108 — HBRBAVIFARPIAHRE %3605

1) BREBICL - TREL A V2 OWYHETARE 1R

i MEE A

BB T~ TR RO A A 2 ICo VT, BH, WMEHEEEEIEREA L, Buioa g
i3 WS-#E# (NH,NO, 50 mg/1), WS-h N (NHNO, 676 mg/1) & U0 WS-£N (NH,NO; 1673
mg/l) D3FEEL, BAP £ RBET7TF v 2MATER L, Big, #EYr <5 YIToW TN
R 1400 BLIRICHEc b > TET F v EE L OBSIcB VT, MEBEERNEH NS

BEHERREIC 5ml $THEL, FERCIOMEREL 72, BBEHE, BEI000 vy 7 ROH
FATHIAT, HE 16B5R, 25°C DfEEE L1,

i fERIER

AR - THEBEAMV R - By <+ 5 v OB L RIZH>WT, 3EHE (WS-Ei,
WS-tHN R WS-£N) ofHiic ¥ 7 F v % 4 BEEOBE TMA 72 12 BH OB v TlEYER
HREN RS L, ZOFRIZ, Table M4 0&BHTH 5,

HEY<F 513766 HETIE MSHEMEREH FoE L o L RIS WTHEMIE BRI EREL,
£ NLUE ORPHATAERE S X MS-hN B TRMUS R L 2 L 2 2 H O TRIE L 7oo {EiSHic WS-
ERREME OB 423 HEOEBA V20 SEMEEMLL DS T, T EOEEAROA
WATRELHMELE P 57, Thic LT WS-hN kU WS-£N stz abfitic v 5483,
995 RSB L i A L 2 SO SEYMIAEE L, LoL, 20K 1400 B THELLSI LR
D5 R EDHBOET L2 EYSHEEL UM 1, COER, #REr<F5>0h 1231000 B
HEGH~1400 4 F50) HoOBEBETHEMERERENEZKD L8BDohTs,

ST EE, HAEYELET AL, RAEREORH VS N HVRTH, SREELS~IFRTY

Table 34. #Ev¥~F 7 v H V2 OYREEE DKL EMEFEERS & OBEK
The relation between the numbers of subcultured days and ability of shoot formation in
aspen hybrid, Populus steboldii X P. grandidentata

e FEPIATABES] Ability of shoot formation (%)
Differentiation -
medium WS-{ZHE WS-t N WS- N
WS-standard WS-median N WS-abundant N
ETF VB

Conc. of
Zeatin (uM)

HASEE 113.16| 10 |31.6|1 {3.16| 10 |31.6 |1 [3.16| 10 |3l.6

H%k

No. of

subcultured days(d)
78 0.0131.3112,5} 6.3 [0.0|68,8|56.3] 6.3|0.0{12,58] 6.3| 6.3
423 0.0/12.5(37.5| 0.0 128/ 12.5|75.0|62.5(0.0]/12.5|37.5|25.9
766 0.0 0.0l 0,0| 0.0 j0.0/10.0|25.0| 5.0|0.0| 5.0| 5.0| 0.0
960 0.0 0.0| 0.0 0.0 {0.0{ 3.3{33.3(13.3(0.0{ 3.3({13.3{16.7
95 0.0/ 0.0| 0.0} 0.0 |0.0] 3.3|13.3] 6.7|0.0] 0.0 6.7| 3.3

1400 0.0y 0,0| 0,0} 0.0 |0.0{ 0.0| 0.0/ 0.0;0.0| 0.0 0.0] 0.0
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Table 35. H7 5 H VX DKMRIEEBAKSE >~ 2— bMER

Subcultur days and rate of shoot formation in poplar species

B fE va— bR (EEHED SMEREH %K - B
Species Rates of shoot formation The days, after which the
(Culture days) ability of shoot formation
was lost
% (d) (d)
Populus sieboldit - —
P. alba 36.4 (760) 960
P. sieboldiix P. grandiden- 13.3 (995) 1400
tata
P. simonii — —
P. maximowiczii — —
P. deltoides 50.0 (760) 960
P. canadensis 100.0 (760) . 1800
P. euroamericana 1-214 — —
P. euroamericana 1-45/51 71.4 (760) 960

a— FAMERBETL, FIBENS 1. 5FETEbN (MurasHiGE and NAkaNo, 1965), F71, +
PR EDOANRE, 1P TLICHRIERLLGS, SHOATHMUENERSI bDOHY, 24N L
Kbt >T70%LIEDHLEEN S b > TWWA AL RXbH -1 (CHEN, et al., 1988), X 5iZ, Syono
(1965) B=v v v 6 RO I VA2 EAMRKEEL, BHORE, FoRELXFEAILLIA, AR
DRI &> T8 LALS 120 BTHORERENMEDNL, INSIHENT, BEY<F5 0N
VA BHEBRHE VM, 2EREEEFLTVIDEELONS,

wic, HREBICL-THNADRETHRETELIBORTSILOWT, Ya— MHLEHERTE
ABEHE N, ¥5%, Table 35 ISR L1z, 760 HORKRIRE N v X E{LiSHucBER L TH VR
BTy 2 MHMEREFRIEH, HFFr v XETIH10%, ROT, 1) -—HBESS 1-
45/51 23 71%, E£t, FALAFARTIHE0% DY a— bHERERLE, LHL, 3EHEOKS
SANZIZ 60 HEIEEL LBETY 2 — MMUEENERY, LB EBY 5T
1400 HIEHE L A THS BEEEEN SR s, 2L, BFFYYRRTIHTEERLUER
SEVEMEELAEIEHEL T, MRERCL - THLVADRETRERBETH -2 1800 H
(HI54) BIt, va—rOMEEENLHERETE

5 ¥ & &

AR, MSEBICLS s 0 Y REEEAHEOMAICEAL, BENEBRUIVAERIZEST
YA AL HEERT Lo X¥, YA v, v+ 1473, JXRFOBRERBLBVTE, @
BMERFESHLFEZOMRK - BELAEGRE LTEELLIBES, @ 77 2BATEE L - YEME
OB AE ARG E LBE, ROT, @ BRAOYEEROMEE > EMESNEEKE LIRS0,
Va— PRI OWTRI LT, £1, RF, oy, RFSHEOANVAKERICBVTR, BED



—110— HRHRETIAFBIZESE %360 5

Lz, @AV 2AFERICHEL ARE O BB R CEYRERTYE oMK 0%, © &Y
V2 OREMIEBERENICE 2 2 EOMR - EYRERTNEOBE, BEoladby, BUi®
v A OFRERICET AR &, BIOERIC X A EMEORYRE &R0 V2 OEYRTEEHE
NOREPRORE % L, BonkBRIROLEBDTH S,

1. R¥FHLEZDOI-OEE, THLL, FE KM $FRIEHVT WS Bitic X a8 # i &
S THIIEREHETE oo FE v a— FOMEBEMEL LR, YIEFEHSH SBERE T, Thichiih
DBIRE, FEMOREDTH o7, £LTHEPY 2 — + OHMLITIE BAP B0ETH » 24, NAA D
PHBRASHTHD >, YT VE YRRV WS EHICHA DT HFEP Y2 -5, ERLA

2. 7 RFER,OEFEMEL L LHR#MEAREEL LT BTM BHITHEE L L E, BREOBE
B SDBFE« v a— b OML REESF, TOFK GE va— B % 30~50 ARG THER
EBEL, TOMEY 2 -+ 2MHEL, 600 HOEEGMPICNEL v - — P, BRIFEYZY
OTFEABKIC L TA0ATH - tco WNHLIYa— I3, 1£4i33.16uM @ IBA £0.316 uM O
NAA %2MA 72 1/2 ¥ 0 WPM iR >3 T, BORERCEROMEMEE G,

3. YIAVARKOSEAREERY, KK MS BEEHOCHEEEOEBEEITY, BEOLAE
FHiREB:, COYEMEOEREAMEKL L EBcEVT, BRAREOERICKIET IS Hito
Fe-EDTA O#EBEE#HET L7, 32. 1mg/l £7213, 58.6mg/l £MA 72 IS HHTHVHEREOR
RBBLE SN, ZOHRIEV0.1mM © 42, 1mg/l PEFBLEEES NI, TORD Fe-EDTA
A 7 IS BT BAP & 1AA OHMEERF LAER, 1 KOoSEME» S HFEL 2 1 ERoEE
Wtk -T, B GII45004, FiA 533500, 58000 KROFBH LM EE2 I L1
Bl

4. Y F IHF 7 5 OMADOFRL SRIL 1o EMEAKEE WS I cHRL -8R, EER
BELTHml 0=877523%2H0EAE, 18SmmX180mm OHBRELAVAL L XL M
Ya— P AEBE, -, T, BAP L LOKMTIIS va— b 3EES, 14133 16pM O
BAP #MA B0 Y 2 — M EEEDE D - 12,

5 NEE7 2¥oiVYHFOYEAR O >EZHHENEELL, BFrFPY2—+OS
b EARAEE, BTM kU WPM T & < lEEsBIEME L 72, 5|&hha s LToO BAP
DOBREIZ1E£-3316uM BEBETH -7, AKBICLIEZ Y2 - rOMHEICH-T, BTM &
WPM ook % &> BW Btz vicd, FRoOAFRIIHRAEE 1EHTERL, 28FHT
30%, 3HEET0% FTETF L.

RRO & D, MRBBCB L/ RFBFEY 2 -3, 7oo v 228 LTHET 3 HFERHMNE L,
IHREH S, BW BEHIOBERS O—BERE L CHEBRLILETA, K80, 05.3mM OBET
ruo v ADREEKCIENTELY, Ca DHEERU Mg & Fe ORBREIIRDS D -1,

6. AX¥DOANAFHIEOBR T ERBETEA KL LTS b A=V EA—F v v EMAL
WE WS HEHITHEETE, RE¥ANVAH S BAP & NAA 2h~ZBETNA HE WS BT
BELLEIA, FNERLZIBREL:, £72, 0.01~10 M © c-AMP % 721 dib. c-AMP %10
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ZME WSKEHTHVZE62H T Ic#RBELLL &I, s REOKREBETHVRERER

L7

7w 2 ORIEE T BAP & NAA 2ALKE WS BT 4pA L OBAMESLETSH
- 55, BAP O D IZ c-AMP %7213 dib. c-AMP %A EMTR, 6~THA T L DHEARK
FT&LS, 2~30HOPRER S L THRAIEBNTEL, 51, AFANVRIE, NAA (1&£3.16
gM), c-AMP (1 & 3.16 M) KU BAP (0.1 & 1uM) 24adbe/ WSHEHET6RETE
ARV T, 18FERGRETE T,

7. sa<yOH LR, HIEER EAEEE LT, NAA £ 2,4-D 2MNA-KZE WS Eftithe
MICHERTE, Chicdl T, FEAORMYIF2/AMEE L, NAA £7132,4-D #NA /- SSS
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Basic Studies of Organ and Callus Culture
in Woody Plants

Sato, Toru™

Summary

In this study, attempts have been made to use tissue culture technology to develop
organ culture and callus culture of various species in woody plants such as Cryptomeria
japonica, Pinus thunbergii, Betula platyphylla var. japonica, Prunus pseudo-cerasus,
Quercus acutissima, Populus sieboldii, P. alba, P. sieboldii X P. grandidentata, P.
simonii, P. maximowiczii, P. deltoides, P. canadensis, P. euramericana 1-214 and P.
euramericana 1-45/51.

In the organ culture, methods for shoot differentiation by the culture of different
tissues of plantlets raised aseptically from tissues or organs of germinated seedlings in
glass vessels, and of stem segments with axillary buds obtained from newly elongated
branches in the open were investigated.

In the callus culture, (1) the relationship between different types of explant and
culture medium components, and kinds and concentrations of added plant hormones
suitable to callus induction from each species, (2) relationship between culture medium
components and kinds or concentrations of added plant hormones for organ regenera-
tions from callus cultures, (3) the relationship between culture medium components and
kinds or concentrations of added plant hormones suitable to establish subculture from
induced callus were studied, and the investigations on long-term storage of callus by
repeated subculture of callus and on the preservation period of callus with a capacity for
plant regeneration were made.

The results obtained are summarized as follows:

1. Plantlets were regenerated by the culture of seedling tissues in Cryptomeria
japonica. The acquired ratio and the number of regenerated plantlets was the highest
from hypocotyl segments with a bud, medium from hypocotyl, and the lowest in
cotyledon. Existence of BAP was essential for plantlet regeneration, but the effects of
NAA were unclear. Cultures from hypocotyl segments with a bud, plantlets with roots
and shoots were produced in hormone free WS medium.

2. When epicotyl segments sprouted from the acorn of Quercus acutissima and were
cultured in BTM medium, buds and shoots were regenerated from latent buds at the
bases of scaly leaves. These bud stumps (buds, shoots) were subcultured at an interval
of 30-50 days. And, at the time of their subculturing elongated shoots were harvested for
rooting. The total number of shoots harvested in 600 days was on average 400 per acorn.
The harvested shoots cultured in a half-strength medium of WPM supplemented with 1 or
3.16 uM of IBA and 0.316 uM of NAA showed very good rooting, and many plantlets were

Received March 30, 1990
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obtained.

3. The optimum amount of Fe-EDTA to be supplemented to IS medium for shoot
primordium formation from the petiole culture of plantlets of Betula platyphylia var.
Jjaponica was investigated. A higher ratio of shoot primordium formation was observed
in cultures of IS medium supplemented with 32.1 mg/l or 58.6 mg/l of Fe-EDTA. These
results showed that the median of the two concentrations, namely, 42.1 mg/1 of Fe-EDTA
was the optimum for shoot primordium formation.

Based on investigation of effects of BAP and IAA concentrations in IS medium
supplemented with 42.1 mg/l of Fe-EDTA, the best combination of their concentrations
was determined, and by applying this combination more than 8000 plantlets in total
(4500 from petioles and 3500 from stems) were propagated from only one initial plantlet
in one year of culturing.

4. The nodal stem sections obtained from newly sprouted twigs of Prunus pseudo-
serasus were cultured in WS medium. More shoots were obtained from the culture in
50 ml Erlenmeyer flasks than that of the culture in test tubes of 18 mm * 180 mm size. In
cultures with BAP free medium, proliferation of shoots was not observed. Shoot
proliferation was better in culture media supplemented with 1 or 3.16 uM of BAP.

5. The nodal stem segments with axillary buds obtained from newly elongated twigs
of Quercus acutissima were cultured. The development of axillary buds was remarkable
on BTM and WPM media. BAP concentrations of 1 and 3.16 yM were suitable for
development of axillary buds. In propagation of shoots by subculture, the survival ratio
of these buds decreased to half at 6 generations of subculture, namely one year, and to
three tenth at 2 years.

As mentioned above, shoots obtained from axillary bud culture mostly showed
chlorosis and died. Experiments were made to find an effective combination of inorganic
elements in BW [1/2 (BTM + WPM)] medium for the purpose of suppressing chlorosis.
Results showed that the increase in Ky,SO, in medium was effective and that the increase
of Ca and a decrease in Fe and Mg, however, was not.

6. Scales removed from male flowers or immature seeds of Cryptomeria japonica
were cultured in modified WS medium supplemented with cytokinin and auxin, and well
developed calli were induced on the explants. Calli were preserved by repeated subculture
at an interval of about 4 months in modified WS medium supplemented with BAP and
NAA. Calli cultured in modified WS medium supplemented with ¢c-AMP or dib. c-AMP
instead of BAP and NAA were preserved by repeated subculture at an interval of 6-7
months.

Only adventitious roots were regenerated from subcultured calli of Cryptomeria
japonica in modified WS medium supplemented with 0.01-10 yM of c-AMP or dib.
c-AMP. The best differentiation of adventitious roots was obtained from calli after the
5th subculture. The calli of Cryptomeria japonica was preserved for 18 years by
subculturing at the intervals of the 6 months on WS medium supplemented with a
combination of NAA (1 or 3.16 uM), c-AMP (1 or 3.16 uM) and BAP (0.1 or 1 uM).

7. The callus formation of Pinus thunbergii was induced with low frequency by
culture of scales of male strobili in modified WS medium supplemented with NAA or
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2,4-D. However, well developed calli were induced by culture of hypocotyl segments on
SSS medium supplemented with NAA or 2,4-D. Moreover, it was recognized that SSS
medium supplemented with 400 mg/l of L-arginine or 200 mg/l of urea as N resources
was more suitable for preservation of calli from Pinus thunbergii.

8. In Populus sieboldii X P, grandidentata, calli was induced more easily by culture
of branch segments of the newly elongated twigs on WS medium than on MS medium. In
the other 8 species of Populus, calli were induced from the cortical layer of branch
segments obtained from the newly elongated twigs on WS medium. The preservation of
calli by MS medium with BAP was better than that of WS medium with BAP. Moreover,
for the preservation of calli, MS medium supplemented with 2,4-D was more effective
than MS medium supplemented with NAA.

Mdrphogenesis in Populus was very active when WS medium was supplemented with
676 mg/1 or 1637mg/l of NHNO; than 30 mg/l of NHNO;. The shoot formation of
aspen hybrid (Populus sieboldii X P. grandidentata) from calli of the 3-4th generations of
subculture was induced on WS medium supplemented with 3.16 or 10 uM of zeatin and
676 mg/l of NH,NO,;. Although no shoot formation of aspen hybrid from the 8th
generation of subculture was observed on WS medium containing BAP, the shoot
formation was considerably induced by culture on WS medium supplemented with 3.16 or
10 uM of zeatin.

In Populus sieboldii and P. alba, morphogenesis was observed by callus culture on
the medium supplemented with a high content of zeatin. In Populus canadensis,
morphogenesis, by the subculture of callus, was observed only when the subculture
medium was changed to MS medium supplemented with a low level of 2,4-D. Morpho-
genesis from calli cultured on WS medium supplemented with 676 mg/l or 1637 mg/1 of
NH,NO; was very easy. ]

In 9 species of Populus, the induced calli was preserved for 3.5-7.9 years by
subculture in MS medium supplemented with 1650 mg/1 (basic), 620 mg/1 and 165 mg/1 of
NH,NO;. Morphogenesis in the 9 species of Populus was lost after 2.7 years culture.

However, the calli of Populus canadensis showed morphogeneic ability for 4.9 years.



