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Shoot Growth and Winter Bud Formation
in Abies sachalinensis MAST.*

By

Saburo FuNAKOsHI**
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REREENREDISCHREL, BRETHNLEVIBL, Tihbb, ZHOFEERRMOREE
WOHBENDL Y . — AR LFEOHR EOBEEY R THLEND B,

oGO BENE, LBEOFRROFEBERBETHL L FvYIeonT, Ya— D
REELAFOBHBER L OBELTHEZBALOBUTHE L THB, OB, BEFEEOHL
BHORFIC HEYBWTER L, ¥, = IBEECHEIR TV AEEEHO 3HRSY
B V=Y CERTELNE SR OVWTHERE L,

CORMROERE KECHI - TEIP AF o TTE - R BREEHEBRCELOBEY
FLET, Th, AFHLED, LV FLDBTHIc- TIHKFRBREEE, HRESBAME
FEHE, WERTRE, HEKREREM, WEMAEER AFERABTEARBOA %, 70
FHahb, HEE, HYE, @HHEREE L, CeBDTREHEELETFET,

L B /M %

KHY (1969) iTHAREB T TORRD v 2 — F DEEDREER 3 ODHILF L BT W5,

I#M: 7h~y, Z7axYicl T, FENPLERYHAKRL, BE I TRIRET T2,

TH: =257BEET BrLRCHTC2~3E04EERE E1L Y REci Y ET,

ME: K75, ¥ LT, ELLERYKD, SVERBEBECENMLE S,
KECHRLEDTZLDTH S,

Lz AT, KozLowskt™® (1971) 4 v = — + 2 2O HMBEFRNCEB LT, L5, #
DHMEEXKAD Y 2 — tOHBEHEZERAERHERDLS5KE LD, TRHITHEHBRAM Y -
— I (Preformed Shoot) T& b, EEHLARERCHTTRHETLEORLIF D T T A3 H;
FEEMEIh TS, TEY, #pR UBHERM Y o — + (Recurrently Flushing Shoot) G,
BECEAFNOUMECHR I EREYRBICLE ) L EoMEY—BEILETS, £1
TERCIEROEREL B OFNTE, ThXBUOHETS, 201 7% —£F BN
CHEERYVET 247 ThHDH, METEFER v - — + (Heterophyllous Shoot) Th b, F
3E (early leaf) OEERFIERCHR I T 50, FE»SKCHT CRT 5 EZE (ate leaf)
DREDE L IABTHEPHR IS, Tiobb, EERENSEAOREEIERE LT 50
BiaHo, RFFcIELEOR EH) bHRTH. TOMRE, va— MIKE CHEELTHE
i -

FFZYDYa— b OMERDWTL, BHED (1950) B3EEY AW CEORF L LFEOR
BROBEND, REY (1961) ZERMEVIRALS, FEE - FHR™ (1976) 3EFO 24 7
ST e 5 BT, M - BiE - 410 (1979) URESBIE T ol S hicERicoun X
EDOBIE L W OBAEANLRN, WThORECEWTHXEOE S [BERLTW5,

RAMBOLFEHRLEHOEERBMOBREE W 5B EALLEAT IHEITHIE T
LI I N TN WO DD WEED - Tz 0 B OEMC T HEDOEFRITR L,
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BT, BTHEHOARCELTELOREREEIh TS, T I BER-TE VBT L,
Busse® (1893) 1% 19 t#d K A. alba 04 R H LK LM >WTHEL TV %, Koroby™
(1937) 1. A. concolor TEBEFORELCOVWTHELZOEARBMEIMHIK T LR,
FosTER® (1941) {3 A. venusta OETED MK /& W52 R L7, Parke®™ (1959) 13 A.
concolor TRRBREDEHIECEWTL Fhr#os st Koroby D 3B Z XH L .
PowEeLL2D-2D (1974, 1977) 1. A. balsamea % F\ T HIZF (lateral bud) © R4 & R FE L 2\ T
R, OWENs & MOLDER™® (1977) i} A. amabilis O 5EF L BRE DO RFRC 2T Ui, e
TE3, MEFEZE D R & Femc D\ Tk PoweLL® (1970) 73 A. balsamea % H¥tE L, ¥1c Eis®
(1970) 7% A. lasiocarpa & A. grandis B E LTHE LI, EbHIC PowgeLL® (1977) 1 A.
balsamea DEERE T EICCHEERBR O BBV RIC 2L TORIHEE T,

IHLEOMECIDE® I BOXRBFEHEOEARAMIIMHCK Y ShD, £oRMY
R Ut KoropY DX MEILLTFD L 5 TH %,

1) ki (Rube Phase): KFRELFHcsEbh T T, FISHABKORECD
L ERFES TS, 10 ALALL3ATHETTH S,

2) #14%EH (Die erste Wachstumsphase): #H v = — F2XFEHEOEXPLL D HET
5. TRTCOEXRET S, ABCEFOLRTIRERIIMELI, THICL > TREFOZFIRE
kbhb, SHTU»L7TARHETTH S,

3) 24 EM (Die zweite Wachstumsphase): # v = — PIESCMHELES, &K
SRERCHBL, BEOHELMLTS, TAREAL I A THETHES.

bR~ Y RDOW TR ETED BEHRE B HIED HEE LT 505 FBPEFREDORED
BECRERIARDOR S, HR - &R (1974 oW &EEOBRTIEFCbl»Tikdh
Tientedd, SEBEZIE TR, MY 1979) oB%EL RFFEEOSMUHOH L
ARG END h, BRSO RHESLED S,

KicZ DRECET B AFEBORBLCOVTHRND, FEEERL RABY TIBL LT
WHIKIESERY & QIRAEE Y (BHE-D), L2 AT, XEMLFHYIME SR Y O,
FThbbt, £H EFRE IPROEKB HoBEAGRCHLTHEALHAELF AL TV,
BaLLY (1955) i1 shoot tip & W3 EE VT WA, ¥ 2 — FDERDO I LD B
L5 EHRTH S, STERLING? (1946) {3 embryonic shoot & W HFEXE - T %, EHIY 2
— FEWHERTH DY, RSB EORECKT MUK R BT HED TH D,
FhFHIESOTMY TILI, LA, FEHED (1983) 0 F 9 K 4/REE (primordial shoot)
DFpiods b2\, KozLowskr™® i3 telescoped shoot &9 F@EE VTV 5, ARTFRAK
et ZhE Ry o — b ERE, FREAVHRLITHETHEMORTEE THHI LR ESL
EHE LTS, Lrl, #BUAREXYRHBLLARG. [F 2, BRIECERAETHY,
primordial shoot & telescoped shoot D HFOEREYEATWHDT, ZO/PRITBHTIL
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FHIE LTz ok v,
KICETIEO R G EVERE LD
Fesic s B Bk TH B, FosTERY
O AR R A B LT, TR
R I B (apical initials), YCTH UG RER
B (subterminal “mother cells™), JH
555 B4 8% (the zone of peripheral tis-
sue) Bk 4> 24 4 #% (the central-tissue
LT i,
B9 (1972) (381 2 HhE & TR
(central zone) & LT, &fk# 322X

LT A, OO TIREROK IR 5,

zone or rib meristem) {Z[X %

% 2, PARKE™ (3l Lifc> = — b

X1 el B e a4 AT S 2T i L2 S R
Pith rib meristem (filf 2 24 4 #%) 4 H
WTCW b, FosTERY (L THO 1K 451 %)
LCHWTW 5 Dk L, PARKE (i
Db EEE TO S ik y Aileks L
T, EWwwET, ehizd, BEOY
o — FERCIT C o S e 5 A e A

% FEET HORFERILD, £ I,
HED LW Elofiiad 28 b, TR
HLER &SI HIG UL eV, S Ol
MNEE o8t (future pith) /e b Z &%

BE oz T, it (fp) Lo ERB T L
[FEE @ B (cortex) & i/ LTk

BB (o) & Lic, ZZTuw 3B (crown) |
FECH D, Tods, HHF (pith cavity) L34

JE g Y

7.
XhiT, EIEE WS HIEE

A TH B,

a— FERESF Fe vy X7 1x LTRIEA
TR IIREEDY Y = — P OB ER LTEE LI T E 2\, gk &
3O EDENTEDLZ ERE

Motz LAL,

i, MRl & AUE0 & oD filic

SEEmEAPERE 428 K4

EE 1 1. AFofNTE (197643 H 26 H)
CR: &%, FC: g (fc), FP: & (fp), LP: ZERIK,
P: &, PC: ik, PRC: fifHE, S: %k SA:

Photo. 1. A longitudinal section of a tele-
scoped winter bud collected on
March 26, 1976.

CR: crown, FC: future cortex, FP: future pith,

P: leaf primordia, P: pith, PC: pith cavity,
PRC: procambium, S: scale leaf, SA: shoot
apex.

piii fp ) D I BT L
Tt & AT O & OBl

BT ABIRICEE - T D
LT AL A

oW TR . ko ZEDMcsi L TELRDEH
R Tl R AT B 0 TS & XN 2™, KA O 11

o

FuPHOEARE, WENFERT D LARE

Bk 5, b Ny o
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31 ELBBERO R, 5T, W, wmAEMNFE VI B FeyMBIELL v,
BHEEBFECILSICDODOHGETY 2 — VO FELRETEED, ZOPRTIIEHE EoE
HEELT, ¥ 2 — b ORRMCECIERARCE T 5 B3 % £ IEE (distal axillary bud),
FRUSSOEDE T b OEFRIKEIE (intermediate axillary bud) & L1z,

IL HEEF®

e B ARF AR ERE M (PLWE T, Jbi43 B, W 141 E, ke 15m) KEMLTH
57 8 IFEEDEARTH VI, BT ELETH S,

1EBOREHREUT 1975410 56 AA5 1976 10 H 23 A% T10 B Xic F o 4 5
Mo & 8 — B — kY OTEFE R L, FAAR (7 + 4~V v 5ml, XKEfES5ms, 50% =
FATAa—L OMERERE CTEHEL, TFAT7A2—-ARFC LD 57 4 v TEHAL
foo WRIZ, @R I 70 F—ARR XY B~12x DE X OMEME L BHEOER DR ZER L,
AFGAFZIARCMB LIcDD, y77=v CKH), ~<rt*v ) v 205), 77227
—v 3% TEEREL, AEBIBETH -7 FAREEL, kAT VvAF—bE LI, D
DBIFEFEMBC X - TBA L, 8RB @B X - CHFoBE L EHOE
MEBEE L. —F, RA—BEFHROEAL0 K% EE, ZEOTEF L Lo YEMmER
BHAEL, ¥a-—trOMRBOBERITR ST,

2 B H o RARHREUL, SERBEENLS 197743 A2980 12 A3 HE TS5 AR Xl
ot FHBUEBET CHML, F8, EREOKBEME L1z, i, #iEEF—O K
COHERBEHO 7 v 5~ v RERL, 8HlLi,

EHEOMBAHROBHIIKRDOFELC X 51, 1B HOEEGEBHIDWT, ZFE0 IE s
M EFOmMCER LT 2O TOoREAL, O P 2REL, EAREFOERKESY
EHTHEY, ThIys Efosllagszo s bosRMlilaliyRdlc, REOFFHLI TS
BORYEHL, ThEEEOMBHARKRE Lz, ik, 8L LT bhi-04EM
a2 o R (protophase), F i (metaphase), £} (anaphase), # i (telophase) D EfED 3
DTH B,

L. BRLHER

1. va—troHpER

£, ThbbMREHO > 2~ (telescoped shoot) 12 FEH~1 DEELX LT\ 5, S
 40~60 D EBI VAR, ThbBEINT, XH, 4 (p), #iHEB, KB (o), EFRHE
DETERL LTS, BREERIFEDO Y 2 — b O & ORICITEERAD - T, ZoDHuTdk L
Twicv, Losl, RIERBIIMEOREZ R - T, BWRBE kA TR, MEDOY 2~
LHEH LTS (BE-2),
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FBiclo-T, FcEbh/icEED
FEoOMNCREREXOMEN RS < 7

WUalht5, 3 A FaCiZiEEnc i
feyBlEMmTETWS (BE-3), Tib

B, I EC B I L, RS A
HET S, SHAMIERED LR L D
HicEhT Ao TR, TOERKT
BExhb, ¥, SAGEFOEEL
B E To TR TOEFRIET KT
BlExhs, 2% 0, LFOEFKIL
DFTNTHEAERHET S,

il o> T 25 & Je vl 2 o> (e e i ol &
M-1icmd, EmEoRIT4 AL
AL ERH3mm THDH, 4 HhRicix
WiE A2, L, bR ARUKGE
TRt CRABBTERER T2
(‘FE-4), I (fp) & R (fc)
DOEMBC O BEI B E I R (BHE-
5, WTFhbESHTHD, HhiancHl
BB 2, Hi3p B ik i
LT3 (HE-6, 7)

— Mk 5 ARG 6 AREc
HFCAMcmET A, Thud, HiloO
WHB, # (fp). KB (fo) DMl %

LR L L - TIRRT 50D TH
D, FOWER3mm/day TH S,
Zol, 5AhancFERE e
D, FeE LT L AERIED B X » T
MLEFSH, BERT, £FENH
Hi hE A R AL Y 2 — O
B SEHE~EBITL, 6 AR
Seriic s, Fie, BlivhicidEEER Y
N5 A FHORMIC D Tikd b h
(F2-8), 6 A THIRFEERTINDF] (2~

WEENRERE #4428 HAE

ER—2

nuﬁi)ﬁf@&ﬂ/ﬂil@* DR (1976 5 3 H 26 H)
D T

An unextended shoot is connected with
the cambium (C) of the previous year’s
shoot by procambia (PRC)
on March 26, 1976.

Photo. 2.

Collected

L - '
& "

L 20T % BT
BE3 R oMy 2% (R
(1977 423 4 29 H)

Photo. 3. Cells in LP divide in early spring. An

arrow shows cell division. Collected on
March 29, 1977.
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°lo cm
100 20
/
® Terminal bud o ’
O Distal axillary bud ,’ ’
/ ‘
—— Total length ¢’ ,/
''''' Height growth rate
Q
S
= £
z o
o (=
o 2
£ ©
S 50 110 &
@ =
i
6 16 26 6 7 27 5 1525 5 15 25 4
April May June July Aug.
1976
H—1 »=- lofERELsfHER
Fig. 1. Total height growth and growth rate of the shoot.

i

BE—4 b¥AMKES

o

— AR

(1976 42 4 H 16 1)
PX: —okif, ST: & A RIGHE

FE5

i (fp) & B2 (fe)
(1977 424 1 18 H)

o> #il i 45 24 4% (

D)

Photo. 5. Cell divisions in future pith (FP) and

Photo. 4. Primary xylem (PX) with spiral tracheid

(ST). Collected on April 16, 1976.

future cortex (FC).
divisions.

Arrows show cell

Collected on April 18, 1977,
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BEH-6 Hod, < LiE (1976444 416 H)

A bud extends slightly. Collected on

April 16, 1976.

Photo. 6.

AR CETRELTCNS (HE-I),
M&Emvl—bwﬁm#Bﬁmféﬁ
OB AR L O, 1o O A
Wie ks \LTid, 6 B T HICEREILE Fro e
AR AEBIZE L (B 10, ZHZAHE
TkimﬁﬂiﬂﬁAMMmif&&f
Wb,
LEAT,
B UL E L AR TR S C B B A, R,
B 2 BT, LA RTH

= DO XA I 2 47 24

s mA2% 4B

¥ (1976 4 4 7 26 H)

BHE—7 HWELTV3Y
BRI FoE LHIMIS ¥ 220k TL B,
Photo. 7. A extending bud and the enlargement
of leaf primordia (LP). Pith cavity (PC)
still exists.  Collected on April 26,

1976.
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5 (BE-, $#£-57T, 5 Arhfas 6 Aty
KT TO Y o = DAMIMMRIZET, &
ICHDR BN F O 5 BGEC L 5T F
e e HAENRE LT X B D Tl
Vo AU RER L OBl (fp), BT
&, HJ@ (fe) ofifannziL, METHZE
ko> TERIRD,

Fro, -1 XhuE, ElTEZE e g
FLOBBERTHFETL, LoL, 6 Hkf
iR oMEEIBFES TR LM Licic b,
Db A CEECHE LT 20T, 6 T
TS %E B s, o X sz d A
i Line, 7 B TR &EAMR R
ET 5.

LT, PF=YDYa—FDfER
WTKHOFE S TRTh 5.

T

2. AFORAGER THE-8 Kk A LT 2,
WS 0 Tk (1975 4:5 4 26 11)

y TWC : JEHEA
A Ui : D4 fi
Bk Lichie e & HTH Photo. 8. Thick-walled cells (TWC) appear in the

W, FokESehEHoERED B Kk pith (P. Collected on May 26, 1976.
& (fo) Az, MR ik (16 1) & HF - 7
MM ET D, THIRIERTE H o5y

BHE9 JEeEMfao fEE (1976 426 5 25 1) BEE 10 AHELAF- 72 RAKRE (1976426 A 25 7)
Photo. 9. Development of TWC in the pith pith. BP: fEedl, SX: oAk
Collected on June 25, 1976. Photo. 10. Secondary xylem (SX) with bordered

pits (BP). Collected on June 25, 1976.
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B&E11 %HCBT oMl (1976 44 73 16 A) BHE12 MR 197744 4 23 R)
SE PSS AR B B RME R T, i EMoOEFRIEOBM= R L TV D,
Bk TIREETE o, DABP: JEsEfdt, S: 3fE TB: HF
PM: Fﬁ.mﬁ?‘&ﬁ%’ RM: B b7 244 8, Photo. 12. A primordium of a distal axillary bud
SA: %IH (DABP) initiates at the axill of the up-
Photo. 11. Cell divisions in Shoot Apex (SA). An permost LP. Collected on April 23,
arrow shows a cell division in Periph- 1977.
eral Meristem ‘PM). And no cell divi- TB: terminal bud.

sion is observed in Rib Meristem (RM).
Collected on April 16, 1976.

BE 13 o s ik EigEo RE (197745 A 8 H)
THH & VIR ORI 2, 3 # oo 2REh I AL A 5%
TE B, RVRMIEHEDGEW o sRE R4,

SP: gL

Photo. 13. Development of DAB and uppermost
leaf. A few of Scale primordia (SP) is
observed between TB and DAB. And
the longitudinal figure of the leaf is
recognized as the sickle-shaped. A
thick arrow shows it. Collected on
May 8, 1977.

- BEE 14 R 197745 ] 8 H)
HE-13 L Aok, TABP: fhRIIEIEE I,
Photo. 14. Primordia of intermediate axillary buds

(IABP). Same material used in Photo.
13, Collected on May 8, 1977.
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R 200 e EOwIe AV |
(1976 4E5 A 6 A) BE—-16 RHKF oMM (197645 7 17 H)
SL: WFFEIEAax T\ 52E, 1 oRi¥E EHE x5, PRP: §i%E,
Photo. 15. A cross section of IABP. SL means Photo. 16. A cross section of IAB. Two prophyl-
a subtending leaf. Collected on May lus (PRP) are observed. Collected on
6, 1976. May 17, 1976.

HueBoBELT, KB (o) b RkELEY EAD, 5 A EHCIBFERLcRET S (BA-12,
13, 14, 15), iz LASHEIEUAE BT (X Rvm 2RI L5, ch R S L W v r RS B 2R R e 3 4
td%, 5 B 2D Ri3E (prophyll) & B O HFBEFIE (scale primordia) i 2
(FH-16), Thbiky = — FOHMRCARTHOUFEDYHT CTREORELRT 5.

(FEIHIC R 5 fifa s R0 2L)

FUEF & BRI R 5 L ARV DOT, 2 CREFICOWTHNS, Mgz
RoZlbe M-2wrd. 7, 124 LA, 6 AT, 8 HTAORHENKES FH 17, 18, 19
Y. 3 AT E CREHOMBIMIEHORECS b, SRGTEDBRE, L,
4 A LRI R AR T IS EIEAMN A L, KOk a o cflangegshi, oh
w5y BTN & 2 Ml & Flkr Ut

ZD®, TREHIP - DEFED, 5 AP p BRI 2% vz, 6 A LAt
41% wmlic, ZLC TATARCIAZ KETTALMNE Az » CHOEE D, 9

Yo
10 ;
g 5 ]

Mar IApr\'l | May IJune ’July l Aug ISepr l Oct 'No V.
1976

B—2  REFREF ST M5 AR B
Fig. 2. Changes in cell division rate of the shoot apex of the
vegetative bud.



796 Abde s o A I HCE TS A2 R B4 S

A RKRE6.6% 21T, Fhllg 2SI aMcEL T, 10 H w2 08%, TaIC
11 0% Lt h, DHEBEIESTCBESI R LS,

¥ 7, EHOMMBMBBREOXSBEOSHRIEE LT wiswd, B g R i
SEBITIEEALRSLRT, ROSHEBI RS %, BRI EBBThck <

(ZEHOEILEDHEL, ZOHoFEE)

M-33EHEoES (H) LEOHEE (D) &, HD o FROEETT, s, FORN
B ot BB MR SR L ERENE TolEiey H L, MOORI®DLEL
7. 10 B FaA»B3ATHETO HD¥Yy
282 pTHbh, DOLHILMp THD.
KM Hp 124 ¢, D 23617 o, SRMiEIL
H 7362 0, D73 446 1 T b, BRI & &
KELEBH LTS, ZhIBEHEEICLS,

H3AATaA»SHAcKEL LD, 8H
LA BN 260 # R T, £, 9 AL
WehFcame/hE{ith, 10 B Lk
100 e BEETeB, —FH, DX4ATH?DL
6 A LT eh, 6 AR

bR, LS AER, fo WMo 3o

RAMESBL6 p &Rt TH LR bR RS TE B,
. ; CZ: rhyess PM: A1 244 5%,
TEL 8 R £}
FTHELLAEL D, 8 AT RM: BEitazlE i
656 1t &9, Photo. 17. SA during rest phase.
BhEEREETD DI HDEE ST The tissue of SA is segregated into three
) ) zones. Central zone (CZ), peripheral meristem
trzan, 6AL8ARARRZODY -7 e (PM), rib meristem (RM). Collected on Dece-
mber 7, 1975.

bhtc, 6 BoBEL DN LA T LT

g ¢ B g iy B : % ’ ) SELOD e R xS I

EE18 H14RMPOXIE (197646 A 25 A) BE—19 $2ARMOEHA (1976448 A 24 1)

Photo. 18. SA during the first growth phase. Photo. 19. SA during the second growth phase.
Collected on June 25, 1976. Collectedon August 24, 1976,
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600

400r o Height of the shoot apex 105
O Width of the shoot apex o
- ® Height by width ratio 104 ©
o =
z o
- 103 =
= )
© 200t —
£ 102 &
5 ‘©
L el
101

|Ocr. INov ’Dec_ [.Jun. 'Feb lMor. |ApriI|Moy |June IJuJy ‘Aug. |Sep. IOcr I
1975 1976

B3 REFEHCSTLIESLEL ORI

Fig. 3. Changes of height, width and the height by width ratio in the
shoot apex of the vegetative bud.

Ih, 8HoThT HAK S EAZ &
X3,
CFBI ML o Fe k)
XD 2EHL S A Eab
6 H R Clent s, e, i
SEMABIERCYH L, 5 ARt
Hricte b WIR AR ET D (FH-20),
TR E TR, T 7o il A % it L
PG W L, BN R, R S e e "
BHL O . EORBATIA IO RS SP: gk
TEHTXAERFICHKS ., — R TEHIF Photo. 20. Initiation of scale primordia (SP).
CIL 1348, 845 CERIND b ORE Collected on May 17, 1976.
Ve EORERBY N4 1R Lz, ¥, ToRARKEY FH2L, 22 23, 24 R, H#
G EMNTRET DI/ X 5 TN E I LI S h D, R FoRERoO K Eo il
Jab WAL, WhmcmiETs, Lo, FBEHoMBIRHE LigvoTt6 A Fait
FORCEENIE TS ) » 7REELNTE LMD (HFHE-24),

200
&

;

<.



798 LB ERFRYHEERTRRE $F42% $45

400f
»
[]
300
A
[
o
£ o
< 200p ® Scale primordia of terminal bud
© O Scale primordia of distal axillary bud
(=]
[ m leaf primordia of terminal bud
O Leaf primordia of distal axillary bud
100}
ce,,
QO '}
o

May | June | July I Aug. I Sept. [Oct. I Nov,
1977

Bl—4 e EEEK MM

Fig. 4. Increase in number of scale and leaf primordia.

FBMEENREL T 7 ATE2H 11 A EG ¥ TOHFHE O F#H{#EIL 55 B TH 5 h
B, SOMLLERETCE T A EACRBEALETRNCOFHBOBERET LT3, kk, [
I D — R B D BIRIREF T 30 MO EB BT\ 5,

EFEERELE

TATRHOERCTIIRALS AR LOBEEH L, 5~6Biiic- T\5, HHESC X
> T LIzERROMBETE, A~NEFLHEIR Tl oW ¥ Th s, Thb
b, FBEEPOEFRE~NOREOERTHS (FH-25), RBFcHRIBEBKITHLT,
THH (fp) DML ELRENRS, TOLDEHAES LALLM LETFOh, KA EEETS
EFREIRENCHEMT S5, HN4AcrzoREFBE R L, ¥, TH26 27, 28, 29, 30 i1
TAHRHR5 10 A EFE CORERR LR T,

K-4icXkss, EEOERERIT APErOERMCHEML, 9 B AT 300 54
2%, ZHOMBSHEN 012725 10 A T AL L3 0 RS © F #1347 %
BHELT2E, SR EARIZED 86% R IR T\ 5,



BE—21 ELTV5HFEO Lumik (1976 £5 5 6 H)
Photo. 21. The tip of the elongating shoot. The
bud is still covered with over-wintered

scale leaves (S). Collected on May 6,
1976.

BR—22 W (1976 45 7 17 A)
A LR R E D, BT, L L, XHIZ
FLOCHEERIECL > TL 5Bbh TV 5,
Photo. 22. Scales are torn off and the bud
flushes. SA is already protected by

scale primordia (SP). Collected on
May 17, May 1976.

i 4
BE-23 HEkodkd (197645 H 26 H)
Photo. 23. Buds initiate SP rapidly. Collected

on May 26, 1976.
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BFE24 @A (1976 46 5 26 1) BERE—25 FEREo ARG (1976$7FJ 15 E)

XDy 7TRBEDRTEH o T 5, Photo. 25. Onset of initiation of leaf primordia
Photo. 24. SA nears the end of the initiation (LP). Collected on July 15, 1976.

of SP. Cup shaped structure of
the winter bud is completed. Col-
lected on June 25, 1976.

BE—2T FEFHEoRKE (197648 A4 H)
Photo. 27. Initiation of LP. Collected on
August 4, 1976.

BFE—26 #FEHKoRE (1976475 15 H)
Photo. 26. Initiation of LP. Collected on July
15, 1976.

ERES LA 2 Ko R FIROERF R
o> THRELTW B, F0EHED X o Eficr
BT AL - TRIIBORE T R b, 3
RS Bicn, HE Rl 6 EANA
TR EHO THF & el F o 2t 21413,
I 1348, SR — OB T 3R 21

+13, F7213 1348, LwilsFEix 13+8,
_— BE—28 FEFREORABRM (1976 28 A 24 H)
IfF3. 1348, E7i38+5 TH 2, Photo. 28. Increment of LP numbers. Collected

Fio, EFRZIRBERST R & on August 24, 1976.
TR EHZET LM B L, ¥ LG

1 mm
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BFR—29 FERMERA®RY 1976 49 A 13 H) BE 30 FEFEERAEM (1976F10 54 H)

i (fp) ML I T 5, LHENTEHT 5,

Photo. 29. SA still initiates LP and the crown Photo. 30. SA nears the end of the in itiation
(CR), which is the basal part of the of LP. And winter bud is comple-
future pith (FP), is distinctly obser- tely formed. Collected on October
ved. Collected on September 13, 4, 1976.

1976.

W, o0, BEXLBEEARHATS, f(fp) Preab LTV S EITBBREREN~NEAD
Ag, 8 Az B oERETHIEC LS (BE-31), FHOEFKO REE LI
HoRWETDLDIREREL, REM/NESL D (BHE-30),

o, MY . — L OBEEFOR (fp) LOBERLT A LN TRANHTH DL, B
CIrEio Mk E <, LabNAESA R kb0 LT, & (p) ofifadhs <, HEY
BE S TUATBICThAERECES, I AR EH29CAbhD L5k, HEFOHM
(fp) & ORI R S h s EREMOEE VY THAHMBIC I - TR TORTWS, 10 ATH
I F R AR RE T, £FRERT S,

(ki )

EEHCOSHTEHE TS 10 A THES » CHRIEIICA S, 11 A TRICIIBEE 44
. — OB EOBICHBAETS, LhL, 1 TNtk de, ¥a—F EELFLRAH
BT X > CHM LT 5, BiRBEFENC L ADRATED, £CCRILARAE
THEENED LR, FOK, FHNTRHEKN ESR, FORETHELT D (FHE-32),

TN, BEALEEBcEbhICEED Y - — TR, BEOEF Y- A VIKHKH
. OWEESAH TR R LTCwh, FLTL0 AhacEREORE R KL TXFOH
WARET T 5,
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Hhom . : ;-
EE —31 R w«mm%mﬁeﬁw FEH—32 (KL TV 2%
(19765¥58H 14 H) (1976 12 H 7 H)
Photo. 31. PRC differentiato into LP. Collected Photo. 32. A dormant winter bud collected on

August 14, 1976, December 7, 1975.

o Th F~YDLFEOHE £ A 7 IRIEHKE CTH B

3. EHDOEARRMORK 5

ZHO G HEHOMRLFENHH E B, BIK S & B L b33,

Uk 1k )

WATA»L3ATEHETT, 21l ThH 5,

(1 4R R 3D

EHAG GG T 24 A AL TH EWECThH D, Ml LM DR 72
HE T L BIR A2 T 5.,

(5 2 AR )

TRAHHNAL 10 AR E CTH B, ZHIZ 8 A5 D 9 HIesd CHOE O 5 GBI 2GR
Lieh, MAnHERMrERLE AL L, Bk 258k (fp) & B8 (o) 9kt 5,
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IV. ERLENH

L. Ya—OMRELLFOHRER

R-1wRLicksy, va—rOMEHITIETHYD, YELY 2 — PELEDOTRT
DEENHED ) BB IR T5, Tithb, HEOH2ARPOBRMCIHK S hIcER
EIMRBEOY 2 — PORERBCEEL, BRERCHRIWCERETIY 2 - tOREFOER
B E VO RIGBERPLAFOERELMELE Y 2 — PEELETAHELORICKILT 5,
ZORIIE L ERMOPCRFRELZBE LB L L ThH b, V6ERIE5A6H (B
E-15, 21), 197741124 A 23 B (BE-12) o CHIlEEE LTERXBE L, oM
R 2 ERE Ll LicokoBh X %,

b L, ThMRFIECHRINLCERECHIIE, TORBTHO I BbO WTFhril,
FREB CRLIEREOHREGYBETED, L, L0ERIDAFCXThIREDLRT,
RARMBIN Y Thole, TDOZ LR ERLBFOMENSERRCB Y EAXS-TVWBT LY
RLTCW3, 2o bz oafzERE RV L K TE 3,

RECLHDPEFZERIC X - TR IhEBRFEETH 3T OV TERET S, FHF
BRI L0EFCHK -, ZEOBBWRETS, Tl ZTOMBRIEERETEERAZ-&D
THXOBIIL, EMILs, s ofaBfRrEEO MK 2~3BFEEL, hk
DEMOERL 5~6 @I TEL\, Lrd, FEMNBEITETCHD, ¥, LOEB
DORX2ZFICRATE Y, ThE ERELETHETRECHELT SO, Thic ks
BRLAEV, Thdx, ZOMBEIESREETL R,

BIECHRE N CEBRETL L, BFRCRETHIFRFEETL - oMMz —&M
D, TOETMENILBAOKX E ek 160 2HD, 2HPOMBEL L BEIhS, Mg
BEBC 22 LTWT, FOTHORFIITHRATH B,

LTZAHT, BEY 2~ OBERBERRZLELEFLHFLTH D, TTK, oM
TEERE, FBRETHLILELVBEINI, £, BRLTOBEYHACESHEFRETL
v, #o T, ZoMRBIKFRECHS, £L T, FER OLTHIIEREFRELTHS,

BHEREORBEOWTIIE A BH X h T 5, STERLING® |1 Psenudotsuga tazifolia
DIREHFPERBEERIRD ORIV ERE LTS, T, Hanawa® |2 Pinus densiflora
DEFCIRKRBAICHELIHERELH > LEBEFL LD EBRRTD, ZDX 5K, BHE
EXWOETE I~ VEHORTCLRR L - TR S,

€ IBORFEREDOREOWT EsY 13 A. grandis # BT, 5 BHACE v = — b At
lem SBVWIRMR LI ZRFFENHBTHCLEZEBEL, Thid2, 3KRoORBETEEHO
FHEECU TN BAROE Y XD THD EBRT\B, ¥, PowELL® |3 A. balsa-
mea T, {IZFRE (lateral-bud primordia) (3R BHF OEFEO—AMBITHB 514 HZ A
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Zetk L, BB L BB & LT\ %, OWENs & MoLDER® (1. A. amabilis Cix, 5 B
R, HRLTVCHEREOERC SV OERCHSHER L Eh, W orOfilE X »
TEYERYBRAET, BFEREARETHLEABRTN3,

FFevTCh, A ATHEBEREDOREEZZ DI, Lirl, ThUNMOPYE TIIBET
2, FOREMEIAE2EBRMORETHC Y » CTEREORE LRAKRCHLLTHBDD, £
hELHELARPOERO B (fo) MR ML L CEoBRFEMIE L 25 DOV TIRBEL
PRTERM T,

LZAHT, EFEHEERBFZHROMCENRERENE - L L WHKHE, T7bb,
2O0EEREE LW AT RBbhirok, WThd ZOMRBOENSRTRELR
> TWw% (BE-12, 13), —FK, 5 A THOKKE CixREBEFOETHE 2 KO ME L F#chH
FhTky (BE-16), RBROEMBEREFIEFE, i, BFOEENRELLHF LVFE
BREETHEZ LMD, €T, XFOFERBOEFREOERICLIRBFNE LD TD
D, ZREFOEFRLIE~NLEREETD, X-TC, LFOEFREL Y 2~ 1 OEDOHMRIIZOH
DL LD BRICHIGEERND B,

2. =IBEBORRFZHOFEREAY

FPF=YOXBFEHOELERBMKER F14RH $24RHcXKyEh,
Koropy DB LI 3HEHFE - T\5b, —7F, PARKEY 3 3 X G %500, THBEFEDO—
EMO R ERELATRECIAFTRECR S THOREREOFEROLDTH D, A
Bz & ThbH, Ya—tOEFRILAEL LTERNRGEH THS Z X EBE LT
bl E LT3, A—BAKBCHEG, LFEOFEME, B, LEBE (R,
RE, BE, SEFE TEFOLHMPMERLIFHER), BEESC I > TEORER ST
BBt s L Bbhs,

HESRXENrCABN LSO THLBEROEY THILENTH L, 2T, HED
AERE BEES0MEYEA LT i BT RROMEREY £-1BEL, +F
=y LfpEE AR IR, H2ARPLLKRERANL, KEHLSHELIERP~OBTOH
Wi, ARSHURTIRTUAENE IR I - TS, kL, BERMLEHCES ), #
BEEECEDENC L > T T B, OWENs 28 3 HEFEXLSDH TV HANEZIETD T
T, FORDBTHHCRBES L ThiTtlns, LS reREHoTFRE k& A
concolor (PARKE) 219 H T Th B DIc A. amabilis (OWENs &) 211 A Th 5, Bl 4
RP~AOBTHMIIATOLRVLAALHTHY, HBH—HLTW%, E24HEH~OH
{THE 8. A. concolor (KorRoDY, PARKE) 236 Hrhf b b X v d 1 # HER .,

D XORRESEPO TS B, EofL SHERATS, LT MERLTWS
Ya— b ETEIERMVREAL, BRBOBHNBALKCE 2ERPIETT S, Thb
b, Ya— bOME, REAELFOHBIIAKCET LTV,
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Table 1. The annual growth cycle of the shoot apex of vegetative
buds in 4 species of Abies
Species ‘ Abi
Ltome Abies concolor| Abies concolor|Abies balsamea| Abies amabilis sa?;falinensis
early October| late Sept. October mid Nov. late October
Rest 1 I} 1 l 1
@ late March early April late March early April late March
(2]
E First growth late %\/Iarch earlyl April earlyl April mid {Xpril early April
E phase mid June mid June mid July mid July early July
L
O | Second mid June mid June late July late July mid July
growth 1 l i l l
phase late Sept. September October early Nov. mid October
Age of plants — 6~10-year-old (ttllli; 15 meter 30-year-old 7~9-year-old
Breslauer Sierra Nevada, ! Ne
Place where Botanischen Californizva a B “;1 ick Vancouver, Sapporo,
plants grew Garten, US.A ’ Cntllaflw 4 Canada Japan
Germany " anada
1,200 meters 1,000 meters | 15 meters
Altitude — above sea — above sea above sea
level level level
Investigator KORODY!® | PARKE) PoweLLw | OWENS & | punakosk
Year of
publishing 1937 1959 1973 1977 1985
b b [
ZOPREENT, b=y OBEERY Y . - FOREBEVIELLEE L, ¥,

ERBF ORI ERET S L LT, LFRFMEBRBETHH L0 LD, Th
Wz, ¥Va— PIBRELLHECHTCRARCMHETSL 24 7 Tho LB L, K
K, ¥a— bOMRIBECHFFOHERE, BROBLEBOMBELSHT L L LHR
THLERISTERTEDTH T, Fo LT, ERTCHIEENTHCEO ML EL
BRBZERLBDOTRIEVTEEELLRZ L, ThbirIT, =i BoMELRCHT
52 ik RDBI,

¥, FPFYRBFRTHOFERAMINEE O IB3GLARKIHKE 2> S h
oo BEADE IBIXT FoYOBMNCAEDBH, ThOLORBRFEHOELAERMLZ D3
HeRaIns LR,

UL, MEDY 2 - PROWTIBZE LT, ke, MELTVWSY 2 — FHTO
RBOXE RPBEBLZEFEARANE OBBECOWTORFIAESTH Y, SHEOH
BThs,
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] B

e ERF BT BREM LR ERE N 43, R 41 &, fBikE15m) w&EF
LTW57 8 944D + V< (Abies sachalinensis MAST.) #\TC, ¥ a— rDHER L
RFEOHHRFARE OWELFREFEHOEARAYMORM LV O BN LI, #BHEREX
131975 4 10 B A5 1977 £ 12 Bre v Cfi e » 1=,

RO ERHAL I -1,

L FAAPRCHELEBEDD, FRORROME EFBOERRC KT 5 MlasrHs >
a—= MEROERLTHD, Ya—tixbAFHLL6 ATACHITCELIHBRL, THTH
CixxoRKRBREBECET S, ThYz, Ya—tOmREIAEHOES TH) Th2,

2. RENOTRCOEREIMELLY 2 — FeEE TS, 4 ATHRIIEE
A, BRELTCOAHERXOERCRET S, REBOBOERCIZAMRBEIEL, FEFIzF
R T 5,

HFELBRFOETH IS AdE»0 7 A LB HT CFREELREL, 7T Ahanb 10
FRCHF CIERELXRET S, 7TAFE2513, ZHOMRIZARK L RIS BARK L
LoT, BRoMiEEBENMLINS, VATHCIRHCKI 25 REH LB ETE I
W, £LTC, BERZFEREREINS, #£-C, b+ F+YDLHFE T KozLowskt OF 5 [Hi4E
BB Y 2 — b+ THB, MEBREY 2 -1 Er—20fEREYE - TW5, Th
%, Ya— b NIIHEOERERTS,

3. ¥EFXHOEEERME Korooy 0F 5 SHEES Eh5, KIEH, £14EH,
F2AEEHTHD, KEHMIIOATA»L3IATHECRE, ZHCRT MRS
bhisv, F1ERMI4AALG»L7TALBE TR E, FRMEELZHERIhB, F24REY
X7 AEas 10 AR E CiRE, ERENERIRS,
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Summary

In the present paper the author intends to clarify the relation between the shoot growth

pattern and the formation type of vegetative winter buds, on a viewpoint of the development

of the annual growth cycle of the shoot apex in Abies sachalinensis MAST.
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Plant materials used in this investigation were collected from 7, 8, 9-year—old seedlings
which were planted in the nursery of College Experiment Forests of Hokkaido University,
Sapporo, Japan. It is situated in lat. 43°N. and long. 141°E. and on 15 meters above sea level.
Collections were made from October 1975 to December 1977.

The resuts are as follows.

1. Vegetative winter buds begin to elongate in mid April. Cell divisions at the basal
region of the future pith and cortex in the bud appear as the sign of shoot elongation (Photo.
5). Shoots elongate markedly from mid May to late June and reach the maximum size in
late July (Fig. 1). Accordingly, the shoot growth pattern belongs to “the type I” proposed
by NacaTa™.

2. Each leaf primordium in the bud develops into a mature leaf on extended shoots. In
late April, primordia of axillary buds are initiated at axils of developing leaf primordia (Photo.
12). Primordia of distal axillary buds differentiate at the axil of the uppermost leaf (Photo.
13. and intermediate axillary buds differentiate at the axil of leaves on intermediate zones
of a shoot (Photo. 14).

Shoot apices of terminal buds and distal axillary buds initiate scale primordia from mid
May to early July (Photo. 20, 21, 22, 23, 24, Fig. 4). And they initiate leaf primordia from
mid July to mid October (Photo. 25, 26, 27, 28, 29, 30. Fig. 4). And during latter period,
the future pith and cortex are differentiated by cell divisions in the pith rib meristem and
peripheral meristem of the shoot apex. No cell division in the shoot apex is visible in late
October (Fig. 2). And winter buds are completely formed. So the type of the shoot of A.
sachalinensis is identified as “preformed shoots” classified by KozLowskr'®.

Preformed shoots have a single period of annual shoot elongation. Therefore, the shoot
growth of A. sachalinensis reveals “the type I”.

3. The annual growth cycle of the vegetative bud has 3 growth phases proposed by
Koropy®. The rest phase lasts from late October to late March, and during this period no
cell division is visible in the shoot apex. The first growth phase lasts from early April to
early July, and during this period scale primordia are initiated. The second growth phase lasts
from mid July to mid October, and during this period leaf primordia are initiated.



