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Response Patterns to Shade Stress in the Saplings
of Three Evergreen Coniferous Species
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BREAREDED N ICDOWTER A, REIICIZIBREEROLEKEHTIEL - T
(BHEEZLNS, LYPLXZORIHREL L TOEBENFRICIIELZ L L~ LN T 7 a—F
PURTHDE, TDUPTLHERLER T 2E OMICER L THELEDH L 2 & i3, Ko
BERLHIIBRE L V5 RG22 BBT 2 L TEOTEETH L, 22 CEAFRTIILEBED
REMRICBIToRRLBEMETH B + P~ (Ables sachalinensis), *./'27 (Picea
Jezoensis), T % /'Y (Picea glehnii) # 3% & LT, IhbNBNEBREORET 21T
Zkizl7,

LEEZHENEE MHFHEICOWTIR, TNETICY, BALBR T INTEL, 373,
INLHBTEIR, F7EBRYFBLICIHEROEREMBICESHL T3 (FLORIN,
1963 ; fREk, 1987) Zi»bH, IhLH3EILLHROBEE 2N, —FH, ThbizWThiE
WM R R TR E E L o N T b, 22056 SENEELHOB IOV T, #58
(1985) »*t PV idMliill L B L T3 2 2%, BHRDOLER» ELT 2HERIC
LEBAEBLTWBDIIML T, =V oV HBREROBIRL, TL2THV vzt
FBROIREEIN TV BRI LD LBEFHOBATELVWERLBBICHETE 2L L Tt
RO 2 R L T3 ThHAHH 2 & 2L

L»L, BlEn & 5 2 ERSEHOLEE - S IcBb 2 BEARHERLIZ W TR
RRLBES DU TWI LI TH B, 2 21T, ERsESOmEY @A) 27T
FHE S 2 22OV T LRSI REIN TV 5, 8%, X L AT 2 EKL <L ToREE,
Avoidance (H#) & Tolerance (&) it &N TH N (LEVITT, 1972 ; JONES et al., 1988
X)), TORFREIHEER PV AL TLAERE V25, T4bb, #EX L RICk->TE
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LaE@EM "F2 (Strain) | ZRESTHRISNLZ LiIKkH L, BEZX ML 22T 2
MIEERIIERET TLHLEET TREL KT 5 MERM (Stress avoidance) BY7% G &,
VT APEL, REFBECHHINATY, 20L& LREICH 2 2 EMZ (Stress
tolerance) ML IFICKFEND Z LiCh B, L 25, ERHEHOMENZEZNELS &
Roa»izonTiR, RBICL>TRBILTLL-HKLTwiv, ¥4 bbb, KoHvyaMA
(1980) <erptf - /% (1982) 5i%, Fbohrvil, FNERERBICKOT V245, B
A (1984, 1988) ik (1990) 13, $IEMORTEEL N TOBWENIGER % HBHZ
NELTED, ZEDELLEZWBE I L > THEIDOFHEI»RE > T %, P Feovizye
v Otk (8- BEY) 2o ¢ MM (1932-a, b) &H4 (1932-a, b) DHVHED
BIZh, T LRMBLEbL S 2RBREMBEIBREN TS, 2, INLDERHER
DEWIRERL T (T, 1985) FEBNEBTNFLHRETIHES L4 %<, ERHERD
EFHFEOIEEICOWTY, LTFLIBHBELEIN T2 3w ikv, T4bb, ki
D& ) AHEBEEBRT D011, BRT TCOBKERBERD & ) #8720 8EM T itk
e, TOMERBOBRS L LT T o—F L b BERIILBEELILNS,

ZZTAMRTIZL FoV i & SEOFENGEHRRNBUSHEBS2HALMITEI L
zHEE LT, MOBHICBT 28R T CoBRER, WEEEBROBN 21T -7, ZL
T3IBMHDBWENICRR MR L R (BEEL TW3 &2 L b, #ERUADZ b L RITHT
LIEIGHE, BICEORE L E2BLT, ERLAL ) 2 3BHOEFTIHOZRNHBALRA
720

FHRDEITICH72 > T, LIBERERETEMRERED L+ BERKE» 5 BT 2@
BH, HEE 2w, dBEERTHRRALEROERE, FICRBOIMIBE GRigE
HTRR), ILRERERBIELX DOERICIIEROTARICH 2> TERLBEEZII» > T2
Wi EBLYIRT A ENRERENERY HIZBENHELBL TECHOREEE 2 5N,
F oRERloKERR A, R, ERENFH2p L IRNE, NE REENSCH->TEHEL
TR/, T2 L5BRHET S,

B, FMREDOEFIZEE (1991) &> ThAKRBEHEERL L L THIZEHLNT
B, FARN—WIIOVWTUINERKRXTL-> T3 (BHE - #A, 1990),

II. W - RHTHRE & UBE

1) WEd

ZIREORMAEE L LD & RIC TEREHLBMHE, StEEHE, oy - 2=y
W, Tray ", ~AevBE LR EESMERT (FEIZ», 1979), FBEIZZDOTHEE
BRHFICAET 2R EHBEEARED 1125 - 1126 B L U 129 MM THE = % - 7, Fklh
DALE % Fig. 1 ISR T, AEMIL, WL ZBEEERKNICAEL, 20 b ARERR
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Fig.1. Study area.
A, B and C indicate investigated sites.

BRI 43 E 2 RE I N HEBRKAICAET 32 2V ALK TH 5, B, CHAERIZIEF 50
EHRI N ERKICE TN, WERL F Fey, VoY, I XFIENEET AR T,
T4 X ALT, FFhe KRS, THIY =Y OKERL SREET S, TR
Fe hefT 72 b AL T v B SHERER TS b. BERISE R 51 3 EFHREE +7.0C,
FRARIL 1507 mm Th 5o 3 72 BRE LRI A 5 KR —1 KB L B4, $0
RO XIEENC k> THRE s ALERETH ), FWSES T2 88 LS EM
RV, BERES AL TV B, T A BHESENBRIFCH D, BREL THI LB
R o T (LEEEEHE, 1988),
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2) WX EHE

FEL L UBITHE OREUZ 1990 4 8 Axa» 5 10 AMAIZ LT TEI & 72,

7, B, CEAHREXICEE T 5 RAREOHILE 66 kL, AREX DV =V iEHA (1B
146 EHER), CHERMICFIRKICHERZI N T2 b P v iEAR (BBH 50 £HE8) s T7H =
Ve WK (BRAD 54 EAERD), B 45 MK, AR 111 B2 R E LT, £0WE, KT,
BITER EHTER WMEOENBESZAELZ. INSBATORENRE 7 - 2K
OEE% Table 1 12T, 72, LEROKRREMMDEN S B, KETICEFTT 5 40 BRI

Table 1. Sample trees for analyses on tree construction indicated in Fig.3 to Fig. 6.

Tree height (m) Basal diameter (cm)

Speies Sample size Mean (Max-Min) Mean (Max-Min)
Abies sachalinensis (NR) 24 0.58 (1.04-0.26) 1.27 (2.43-0.43)
P) 10 1.55 (3.70-0.86) 2.79 (5.45-1.91)
Picea jezoensis (NR) 21 0.54 (0.91-0.24) 1.45 (3.10-0.68)
P) 22 2.22 (3.64-1.04) 392 (5.84-1.92)
Picea glehnii (NR) 21 0.55 (1.21-0.25) 1.17 (3.38-0.26)
(P) 13 1.55 (2.86-0.98) 3.23 (4.65-2.22)

Notes: NR and P indicate natumal regenerated saplings and planted ones, respectively.

exRedtz, AR TIE, BEHT0.2~1.0m, Bl 5 ~60 £ 2 ML & A% L, £ 72 5RH (1954)
D T20% Ll E2 S I KN BEOELT A X L5, & 75 RABICHEY, HENRE 20% KD
Btk % W ERE & 27 L7, 72470l OOHATA and SHIDEI (1971) 2févy, RAZAW
THEL 2.

Rb=(EN —Npax)/(EN—N,)

22T NIBHEDB R & R T 5 RO, SNIE N, +N+ - +Naax TH 1, 8
7 Horton Mk% (i, 1981) k i2 51T 33 A Nuit N, 2B RO 2B &I RIRED & %
AHARTH L, AHEFBEL 2HELDEHT T~ T Horton DEBEKRKEHZLUETH -2, £DT2
5, BEROED 545 &, ZHR TV S HMhi & i3, Horton DBAKEA 3 U LIch 22K
123 THRDIEA & - 12K E L TW B Z LIz % 2,

372 B, CHARAER O RKERTEB/EDOHES MO 5 B + F=r 9EEK, =V~ THEIE T
BTV Y TEEEBT,» LB, ERECELR-2, FOBES Table2 ioRT, Zh
LNV TIERE, BoOBRE (LEE, 2-548, 6-104%, LUT54£2L), Horton
DWRBANICELBE & ERLBEICHT, 95C T 48 BFMER L 22%%, ThFhnEREZFRL
72o EWUCOWVTIZFEIOEATIIC & VARTEAL L ERTRUOEM IR 2B L, V77 =
P 77—=2 )= FCRick > THAELE, SRELAES FMOEERER 2 XF
SAMSH 2 F W TR AR - 72,
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Table 2. Suppressed” sample saplings® for analyses on matter production patterns indicated in Fig. 7, 8,
9 and 11.

. Aboveground
. . Tree age (yr) Tree height (m) ;
Species Sample size M iy dry weight (g)
Mean (Max-Min) Mean (Max-Min) Mean (Max-Min)
Abies sachalinensis 9 31.6 (61-12) 0.57 (0.82-0.26) 92.0 (198-18.0)
Picea jezoensis 7 17.9 (33- 9) 0.38 (0.49-0.30) 26.6 (44.1-14.7)
Picea glehnii 7 15.6 (48- 6) 0.47 (0.85-0.25) 57.2 (207-4.17)

Notes: 1) Relative light intensities are below 20%. 2) Tree height, 0.2 to 1.0 m ; age, approximately
5 to 60 years old.

LU N ERRE L BBRBTOBRLBACTA X)) 2R (KH, 1965) 2&FICL2

BEBT 2 RA 72 MO RE DB E BB L L0 L A2BEOHRICHL T 5 L DA RGR
(Relative Growth Rate ; #XtEEE) THY), KATEREINS,
RGR-_—(l/W) . (dW/dt) .................. (1)

ZZTWIRMEKECTH S, RGR YA XD % - MAGFEEMORERDKEICEH L
BREREE V25, ~HEEREIIEWELSB TR L(ELZTTHE LREL, EEF) S22
DR ERILERE 2 KD 72055 NAR (Net Assimilation Rate ; #RE{LE) TH D, KATE
Ins,

NAR=(1/F) « (AW /dE) «oeereeeerecres 2)

CZTCFIREETH S, NAR L, AP TORAREEISENLNTH Y, WEEEDHEE
BREE &Y,

3 P EEEOEENRAIE % £ T LWR (Leaf weight Ratio; ZEEH) %,

LWR:F/W ....................................... (3)
K-> TEHRTSE, (1)~(3) LN KRAHRIELT 5,
RGR=NAR * LWR erererereceanercnnioceen. (4)

ZOBFERDE HW - WREEBRORF A X ) ARRERTOERTH S5, —RIC
14E4EALNE L LT GHMNELED 5, RGR % EORERBED KD LN S Z &A%,
— iz ToRicE N#EESI NS,
RGR= (InW,—InW,)/(t,—t,)
NAR={(W,~W,) - (InF,—InF,) }/{(t,—t,) + (F,—F))}
27L, Wit ticBIT2REE, Wil LIcBIT2REE, FillticBIT2ERE, Fi
ticBITHEEE,
BARD L S % SEEMEWNBE L, ULnHERZ2H - TEBFHICBIT5®&ARGR & ¥
HERDLN T2 (GRIME et al,, 1988), L7 LEARDERBITTHRLNS & ) L RAMNE
{tEH» 5, FRN2-OoHORLEN RGR L 2K &, WRHIRILL &v UNEFSF, 1989) &\
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S T2 PEAEDEL, WIS RV REERLLNDEL D, O, BBEH»I2IERGR 2
AW/ Witk > TETZ &HTE (HoGETSU ¢f al.,, 1960), ¥ 7:BIENRHLBERAIYEN(T
MBZ2L726FTELREL TH, FHUIETEAETIE VDT, LTFoORIZLY) RGR & #H#xE
THA»BIEEZ LN, ZOFRICE S L LD BIALT 2, &> THRRITIIUTOH
EREFRVWLZ EICL 7,

RGR= (W,—W,)/W,

NAR= (W,—W,)/F,

LWR=F,/W,
272L, 2T WIBIFENREE, WL FORKE, FIIMENEKE, F34F0%
BEX3Y,

FRARLTIR, HEBOAZBINRE L2,

%72 LRORERTIC AW 22BN TNTHOLEEKN C/F I (2 TI3 F I3 REE)
2KHIz, B 5i2, KIMURA (1963) % KoHYAMA (1980) #*H /- icfEv, T s ofitk
POMEICREE I TLY TN T, FOEBETIEONBEERE» SBFINENE

FEPEHL
ABIFE TR 2 BHE &S ER v AR OWMEE # Fig. 2 IR L 72, ZBHEELIZLEICHL TUT
DB E RV,

As, } F=2 (Abies sachalinensis)
Pj, =V (Picea jezoensis)

Pg, 7H vV (Picea glehnii)

{st-order branch
Terminal leader—
Current year branch
g — annual shoots
I-yeor-old bronch 4/\ _____———//<~r_"_
Main stem

Fig.2. Terminology
1st-order branch, 11ki%; current year branch, $L4FE44K, 1-year-old
branch, —#E4#% ; annual shoot, 244154 ; Terminal leader, E#h%F
#B ; main stem, ¥



218 EEE R RFMEEHRFRRE B48% $25 ‘

Il & R ¢ & %

1) #EEEA

a. ¥#EHNOEE

ERERNRE L B 5 FMOBERREOME % Fig. 3 12R L 72, ERETOMEGKIL Y
BERREI/NE holz, —MICERSERL, UEoL ) LERT CORMBRENETICHE
>, bR R LRT L 2% 5 (R#EE-2/, 1975; Konyama, 1980 ; #E%, 1984,
1985 7% &) A%, RICZ D & D HMEER IS HHOBEN B LOF®R Iz OWTRET 2725, EF
Bk & IR & AN BRI 2 BT,
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Fig.3. Relative light intensity and elongation growth increment of main stem
during 5 years. Solid circles, Abies sachalinensis ; open circles, Picea
Jezoensis ; solid triangles, Picea glehnii.

Fig 4 XN LEMER L AANFERL 0BG LR L, S CHNBERK: 13
BOLEMRBICHT 2 LFEE—KEOEHHERLZ VI, WTNOBETL L4845k
1450 ONEEEIIFHOBEREIKE VI L ZOEINE o7, 202 L IIBER
ROBAERTIIHUE~NDORES R EISANEICB 222 L 2 B®R L TH), KETT
UMY 22 LB L 2BHEEE2 5, LoL, BNERERE FMLSEHIcHT 2%
FERBEORMERNLTA 2L, Fig 5 0@, FERICL 215251352 L onTHoMmy
DR NLDTLANGHMERINIZ 1 AL ) THRZBESITEAELEITRL T s o7,
EWAREY 1 cm R e Vo7, BEICNEWLDEBRWTE L2 &, Fig 4 loREN LS
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Fig.4. Terminal leader length and mean  Fig.5. Teminal leader length and total
elongation growth ratio. Mean elongation growth ratio.
elongation grwth ratio = (Mean Total shoot elongation growth ratio =

elongation growth increment of 1-order
current year branch) / (Terminal leader
length).

(Total extention growth increment of 1-
order current year branch) / (Terminal
leader length).

RIS 2 ), oY TREBMOMFICEL L FIIZ—%E, TAHZ V=Y Tiddic
INBL e 2AEEH RS S LD, Fig. 613 1 FA—KRBOLERBMER L ZN0 L N L BRI
BTO2EMICEET 2 LERRMREBOENEREBRELTL20DTHE, WThOBETY
FHMOLEROMER & ITEBFRIC, HIT—FENEELRL T, Dok ) 2EEIL, BE
TicB2NThH, — KK 1AL ) TRAFNORERYVAENEICAE 255, FRERHCLEE
—KREDFEHI BT 5 72 OMUHNDOEEERITERILT 5 b1 Tl WITREME 2 TR L T
32, VR E, INLERSEROSUBMTLII LH~OREISIH SN TR ~DRE
PHERIZLBBRRENVI LN Y, FFo Vil oW THEA (1984) 23l Twa ko, #HiE
TFTCTLTEHXAE (apical control; BROWN et al., 1967) »EEZELMBEE RN, L AEH
DEFETIER L TRBSENRELIET T2 L \vol, BRSED LERDORRIIFHIE
LHREEZ LN D,
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10r As Table 3 Ic#B FIcEEL Tz

N 0—.._-_;[..* . R RGO S M % BRI 2 &

O{é c % iz, WA (1988) I3 HKREHEMDS

§ g 01 , L . Iz o e T C b AR < Moon [ 2EMY

£ v BB L TOEELRTE LT

§§ ol o 5% Table 31372 L% 3OS
o T K HOFRIEI, “FHOBEE (1988)
235 It R, A PWELRIZFT, 45X HLT,

& 87 S R EOREROMEI KN TH

§so ' — I BEBETHoR, C0L Sl
5% TTLE SRS Lo
©%oF | Pg ARSI — M A TERER & v 2
caa_att s Citey Bo —RUCER I RO L8

1+ s s EHODEEEIARE N L, Thb

4 LRMZEIEETH L L 2 FHRT

o1, 0 00 1000 B (WA, 1985), Zorr-siRetEEnt

Total length of annual shoots  3EABERNL LD & 5 % 8wk
onl-yr-old main stem(cm) iy 5 it oo HELE

Fig. 6. Total length of annual shoots on 1-yr-old main SELRERE-N, ERL2LES i
stem and total elongation growth ratio on 1-yr

-old Ist-order branch. Total elongation BHRE AR BEHHIH & 1L 5 1S &R

growth ratio on 1-yr-old Ist-order branch = LTWATEEME W 2 2R LT
(Total length of all the annual shoots on 1-yr-
old Ist-order branch) / (Total length of annual W,

shoots on 1-yr-old main stem).

Table3. Bifurcation ratio (Rb) of suppressed saplings

Bifurcation ratio

Species Sample size Mean + SD

Abies sachalinensis 16 4.46 + 0.69
 Picea jezoensis 13 534 + 0.70
Picea glehnii 11 4.40 + 0.60

2) WREERK
a. BEMRT
FVREBITORNRE L 2AIFENER, ERLSEROHEELIT -2 A 7ET AR
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Fig.7. Square of diameter at the lowest raw Fig.8. Relation between volume and dry weight

branch and dry weight of leaves. Solid of non-photosynthetic organs. Solid
circles, Abies sachalinensis; open circles, Abies sachalinensis ; open
circles, Picea jezoensis ; solid triangles, circles, Picea jezoensis ; solid triangles,
Picea glehnii. Regression equation, log Picea glehnii. Regression equation, log
(F) = 1.427+1.089 - log (Dr?); r=0.971 (C) =—0.033+0.937 - log (V); r=0.984

B LBEARNER (F) ZEKTERE Dr) nBEFRCHHAL (FR, 1965 £F 5, 1982), F
foth ERROFERMLBEEE (V) (3 LERERLBEER (C) & ABIMRICH Y (KE, 1971),
o— FANERET NVCENTE 5 (B, 1990), &Y > 7' Wl ko Dr2e FoBfg, Ve C
NBRIZ Fig. 7, 8 D& 524 ), Wi LHEBHRE () »&<, BED LISEWERBEGD
KHLNlz, EDRHINERERNMEE ZHCTHIFENEER, HERFRLEEERZ#
EL, EDRREAWTEY > 7 EHEND RGR, NAR, LWR %3k 7z,

Fig. 9 icil & T b DRBRE L DBEEZRL 20 + F=V T3 61 FOMEEKT
L LWRIEM 0.3 &, KREBWELZRL T, V=, THZV2VICELTL b Fe
v ERROEMAEED bz, BAE - KEH (1981) 2L 2WEARNTARICEITS, 6144+
Fov tRAREUENMEMERLFESOM I AT, L+ /%, I X+ T4 EDEERD
LWRIZ, 1Z2AE0.1KRBTHY, 0.3REBHTHENEL V22, -7, 2hbH IMIVT
NLERTTLWR DET 2B EEAMEE2R L TWb EEZ L5,

Fig. 10 [3#&F T RGR, NAR, LWR O&RHIEILE R -BeRTH 2, HEX b
VAR L TRBIZ MR RE L WBRIIADL S LHBERT L EZLNS, 2B/ S
T, T T3, LWR #RREICBEIET ¥ 5 720, BUER» X2 2T % 5 2R
{LBRERHVEREYCHEMT 5, FDZHEEADESF ) NAR »HEEEICET L, MEOK
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Fig.9. Age and 3 growth indices (NAR, .
RGR and LWR). Solid circles, Zeickd, ZTNIMLT, Bk, #&
Abies sachalinensis ; open circles, s pray R
Picea jezoensis ; solid triangles, FEAT#iz 5\ T NAR % B###) (autonomic) i2

Picea glehnii. Regression lines on  {K<#I2 3 Z & A*T&NUF, IEEMLBZEOHM

e ina AR are for &bes L, roRLEMOANS ETTIERL

7 EOMERICE L, LWR OET £ B 30H &

#72h, M EROLERE SRR 2 LTEELER L FORROREL XIi2, KFICHAT
BIEDTREE u B 728, WEMMELELEBS THEM L 45 L#BING, LNk L& HiC
> THROGT2HEDD L, F F=VTIZRGR, NAR» W& t LIC T2 BEIZIBH LN
T, GLAWK RAEPNRRTH 722 b hibhr b, TN LR, F F=oVnBEelt, KE
DY BHENIC NAR 2805245 29, Fig 0D BIZ/RL 72 & ) BB L R/L Tw
22 X 28R T 2. BB, BICHBEED I EENICE Y NAR 2 RLTw/h &2 5
ZEeLTERY, BIETHENLL ) %, HEMOBRREK HIH & B NEE EEED £ 72
RLTWBEEZLNBLZ (DL, DL ) TEZHICIIEEIN DS, 272 NARR® RGR 05
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E%b, TITFIRIFNER, a & i f N THBEAERYL ) ONAKE LIER, C 38
FERAMENERLBER, rddZnBNERY) OMIER, DIz —EHOMKIE - BERLZET
B, INEFTHRBTIID 2EFRICNLTwiWw, Tbh, D/W, R D/Fi 2B i
CBEICKEITIUE, BEn S ) LHERISRO L2 % %d, DE2FEAL, ok L 8
KL EHANCTET LBV D 555, HOEEKIIEHAECHOMENEH S, FERkeE
BOBAICIE, EROEIHRRET 2EMIBHLNL DT, THL 5 LI LW E
Wz 5,

Rz =y, THZVS2YDBHIZHO>WTEZLE, P Fevandl) c@@izBH60
3, HWEERICHENEICE Y NAR, RGROEZ RTL0r@BH ol 2N hb, Z0D
2HNEAIE, b Feval ) LREMRICBENIC NAR #30HlT 202 Rt -
TWwBELTY, Z0EIIZF F2 I3 YBELLNEIZELZT, GLA Fig. 10 ) A 2RV
F—2ERLTWwBELEZ NG, £ &L NARRRGR NENEE) 7 — 2 2B\ HF
BHLNDZ L2, BREEOEENCIATLLDBASIHIEZEERBELTEY), T—9%%
B L BREVTIRTH b,

b. %Ftko C/F i

¥R % Table4 o Rl 72, C/F HIZWREEROBE X LR T 2IENV EOTH 347,

Table4. C/F ratio for annual shoots of suppressed saplings

Species Sample size  Geometric mean of C/F ratio
Abies sachalinensis 161 0.210>®
Picea jezoensis 122 0.293®
Picea glehnii 127 0.312°

Notes: Values by the same letters a and b are significantly different
(p<0.001).

HARBRDEICHN LT, LWR & D322 IcBURIcHE L TEILT 22 &6, BENRERE
TRT 29 2TiE, LWRULICHEEL#EELEZ b3 (BK - #5E, 1981),

Fig. 912/ RL 72 & 91, MRV~ it 3H M) LWR ICEHBE 0 22138060 5 N b » 7257,
wELEREFNC/FRTIL, P Fovdzy =y, THZY 2V LN EEICEVEZRL Tz,
DT e, FFeVIR, DUl EOBEDLVLTIE, Mo 28 L ) HED L vEEHD
BN (EEMEN L VEAERE) 2RLTwdZEich b, UEnd S LiEEL -~
TOREBENEB 2 5EZT, P FoV3BENERTCLRILBE~ORES2%(T52
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Sof-

Thotz, WHEENBEY» LA, BEH

TTHOERE (BRE) sz, —EBOX

ERBENREFES L Li2H ) (Monsi, o) L
100y

1960), BENHEET Tiz, EOEEFLEH
E0Y, ANETRBMLAREMST S Pi

K& o TEEBE L RENICHEOI L0ITS igb.

7, BETCORMERILIEO%H S L E2 bl S

TV (HR, 1986, T0k3EFLFCHS o

X, BLEORGIRVEELLNLT ALY ‘nbg ' '

2V, WET CERFO £ ERE ¥ eI R Pg

OB LINICEZRIBMEFILCRL TWBH I &I

%5, Lirl, BEREZZOBICE > THRER Sor

BEHICEN D), ERILE & LIS EDRENHIE

T2 (H% - thak, 1987) = 2E8T2 o A ,

L, BETTLECEOEEI S} Fov iy o 5 lo 15

EDFHD, BIF &3V LR EET T R Age of needles(yr)

HEVWEERNERTI LN TEL W) E

LEELEECTHD, Fig. 11. Survival curves of needles.
V. ¥ & % %

SROBIFHERZRRICLT, F Fov, 2V=, ThHVVofoBiiics a8
BT THOEERIXNVBLUSCHEES, 35102 N LD OEBER, Fic3EEIZEZH LN
5, MHER ENIES, HEREOBEICOWT, BRIFNEZLMZ 5,

FTHBEEIICONWTEET S, MUREBEBERAOBEI2 S5, Zho 3BIVWTNLKETT
LIHERXE 2 BF IR L e s ke ko R £ 0% & ¢ 5, #HEMZ (Shade tolerance) kY
TXHEEERL XAV TRLTWB Z bbb -2, RN Z & I3BEIC, A (1984, 1985) »°
FiZ b FeviconT, £ (1990) »F FeovizveviconwtiEL T, 20k
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Vo BB ELNAERL TWEbITTRE V., HEL LRI VRN IZ EBARILL
B2 WIEBAR (Noncompetitive ; B, 1985) A TH2 2 & 4 &k, Grime (1977)
DHEFEICHE-> TEZ B 2, HAMYE (Competitive strategy) Tlx % {, Z } L X ZHHES

(Stress tolerant strategy) #2MW->TWa I & 2HERL T3, S22 L, ERHEROM
BEEOREIX, BETICH) L6 NIZITEBRILTE 2D LT - 2 BAPHELIIHT 2
BEALTHEIRBEONRE L LMBETIX 2V, BEENICE, FORENERICSNSITER
Mtz 550 eV ) HETHY), HEZ LV 2T 2EWEI MO R F L 2o 584
LB > TnBILE2EZDbEDL L, ORIV RIIHT 2BREN LIS REONSR L %
SR EV25, ERICH, HERRE~ORILEYNSELZBAEES 2, BHEVEERED
MR & 52613, BE, K, TRBEGLENFBETHD Lol L RISHL T,
HOBRETITHEMICHELBILDLHEEINS, B A (1985) 13, WERMBRLNGOHR
FHEEZ LN ZTHESXAHSHE LT (Excurrent tree form, 2T oFIc LY,
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EOHADHBIRENWEEZ LN 23, ZORESlrERREREL ~LT L BER Rt
WERLTEY, ZOATL P FoVoREIBICEIT2MEIR2ZIENEEZ LN,

FUUSHL T, THZYV =Y OBBERKD C/F KX ERERIL, 2ok, 3EE2EL
TRHLNS L5 %, BV~ THREICH L TR BRSBTS 5,99 — > 2 BEERSED
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VOBEREDOER L RFEE (REE) RBRIBONGE, THZY VOB EOTHEE L E
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DT FeVEUTEY, BERD C/F HRENRG L ELERICANS &, ZoOBEIZ L F
> ETh ey oRMicfiiE LB, \
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HEMo Tbet, * "W OMRIEBURRE 25, 2T, TTICHMNZAN b FeY
DIRL T B L ~)LRIE CORE BB 2 MG I REN AR EL#HL Z & 2BL
T &I EMEZREZVLNL), HEMBICIBWT, L VBELHKREICHZ2Z &4°
k2 LEBING, BN C/F /b 2fEid, KRR TIIBFTONRA & Lzd, Wik
b ENTyint 5 ZHEERETHOEEKL L) C/FIED/NE 2278 LTE), 20
FOLBBICB T BELEBRIINTIMELES TH W L HEEINS, LrLZnd ) Xt
EEERIE, &0 2 DRILERORSPLETHE L rrbbT, MBT 21/~ T, B
HERY ) OIERILBREOMRRICIR ) BT 21U % b 2 WRILEWES ML T 2720, %
NUANDEHLEDORTBRYWE Z Ltk b, ZOHER, BEFOEEREOHFHROED
RN AT RS Ry, L EERENTIM~OESR, LLIREOTmMENIrRLZ LICh
50T, FFoV0BARHEAIRECERIETLEVFE 2> TwabneEL L,
N3, HEVHICEERICHR LIRS MEHRA LIS 2 i3, FRICERBICZNLH
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Vot onTid, FNERPREERL AL TONGHI TEFRBL LN TH 220, Wk
HRMENICELTL P FevEThn /=0 lBME,»S52 s L0 EBbN s,
SEBLNLT =T TIIMETE LV, IS, BOFHI PPV EREEL P22
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ERT LY, HHREEZ TCEMIILNLI LIS D, KR (1932-a, b) & &F (1932-a, b)
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C&B b FeviayeVnBBICETIRFOESNV EOIF, BRI S N B IR,
ZOWMBENMETTHELTYH, FEFevoziy, £% (1919) 7B E %5 &iEHL 7213
EFRBICETT2LD0E )LV IBICh-EER b, ZOAICEL T, HitrHERL
TVB LIS, W STBEMETLTL F FoY /BB Th s LicEb ) 3w LT,
EAICIIENORBOFHBEL o722 b,

PEn k- z 35, ¥ict Fov e 7hrzv=VHEMOBEEMNGEREL, F0
FNNDVHEREFRICEbL- T2 LEZ LN, FTFFevdhEE L TREHE IS
LTvw3 (&L, 1985) Nid, RELEMOEOREBEIHEROFNIZHNTARE (M
Bp-tk 2R, 1987), BELEBIK ROV FoVdiBRT 2D THILELHK) 019 H¢t
ERMRLD LBHLIWHIZ, P FeVoREL N TORER#BONCERVETICE >TH
MIAERT AL LEZLND, FHUIIHL T, THZV = VvDERHEERL ~NWVIcESL $
THRUE L TR LG 2R/ — 2, REROMEBERICE 2#EUANDZ b L izRL
T, FCERICEB L EZ LN B, 7ok ZITHENEICE W C/F KRELXB W ERE 2 RT 2
LIZHBELHELZ R THZL2BRLTE), AR ML AL THEVWEEERTEEZS

Table 5. Comparison of response patterns to stress, especially shade stess, in 3 coniferous species

A. sachalinensis P. jezoensis P. glehnii
Basic response patterns
Overall tree growth inhibition Recognized! Recognized* Recognized*
Bifurcation ratio (apical control) High* Hight Hight
LWR of old suppressed saplings Hight Hight Hight
Response to shade stress Tolerance Tolerance Tolerance
at the stem level
Autonomic response with decreases Clear® Not clear Not clear
in NAR and RGR
C/F ratio of annual shoots Relatively low® High* Hight
Leaf longevity Relatively short® Relatively short® Long'
Leaf form Linear (Fasciate)® Linear (Fasciate)® Aciculart
Response to shade stress Avoidance to some Intermediate (?) Tolerance
at leaf or shoot levels extent
Ability of shade tolerance
Potential at early sapling stage High Relatively low Relatively low

Duration

Habitat requirements
Sedentarity to mixed forests
Tolerace to nonshade stresses

Relatively short

Relatively high
Relatively low

Intermediate (?)

Intermediate (?)
Intermediate (?)

Long

Relatively low
High

Notes: t, tolerancelike characteristics ; a, avoidancelike characterintics.

growth inhibition that is regarded as ‘strain’ caused by shade stress.

In this paper, it is the
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Summary

Investigations of shaded sapling growth patterns were carried out on 3 boreal evergreen
conifers (Abies sachalinensis, Picea jezoensis and P. glehnii), especially, on tree construction and
matter production. The summary is as follows.

(1) Similar growth patterns were recognized in the 3 species. The elogation growth
increments of the main stems declined with decreases in the relative light intensity (Fig.3). The
mean elongation growth ratio of current-year Ist-order branches to terminal leaders increased
with decreases in terminal leader length (Fig. 4). However, such a tendency diminished in relation
to the ratio of total elongation growth of Ist-order branches to terminal leader length (Fig. 5).
Moreover, the total elongation growth ratio for all the annual shoots on l-year-old Ist-order
branches was approximately equal independently of total growth of the main stem (Fig.6).
These findings suggest that the 3 species possess similar branching patterns and tree architecture,
characterized by overall growth inhibition under strong apical control. Such a response pattern
is interpreted as an indicator of ‘stress tolerance’ at the stem level.

(2) The shaded saplings of the 3 species showed high Rb (bifurcation ratio) values (Table 3).
Since high Rb values result from branching growth inhibition at more proximal regions, such high
values perhaps reflect the overall growth inhibition mentioned above.

(3) In general, NAR and RGR decrease with age under suppressed conditions (Fig. 10-A).
But the older shade-suppressed A. sachalinensis saplings showed higher values of NAR and RGR
(Fig.9). This suggests that younger shade-suppressed saplings inhibit NAR and RGR
autonomically to some extent and then consume the remaining pruducts of assimilation in the
maintenance and reconstruction of their productive structures. Such a response may be
accommodative to severe shade stress at the early sapling period.
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(4) The C/F ratio for teminal shoots of A. sachalinensis was significantly lower than for
those of the two Picea species (Table 4). This finding suggests that Abies sachalinensis possesses
a shoot structure effective for assimilation in shade and can therefore avoid shade stress at the
shoot level to some extent.

(5) It was demonstrated that leaf longevity in P. glehnii was higher than both in A.
sachalinensis and P. jezoensis from an examination of the number of intact needles and of scars
of the fallen ones on the different aged branches (Fig. 11). This suggests that P. glehnii exhibits
plainly stress tol-grant response pattern which may be the common response pattern at the stem
level in boreal evergreen conifers.

(6) Finally, similarities and differences in response patterns to shade stress in the 3 coniferous
species are discussed and summarized, with special attention to the relation between response patterns
and habitat requirements (Table 5).



