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Morphology, structure and dynamics of modules of Cryptomeria japonica saplings

in canopy gaps and in closed canopy
Michinori SakiMoT0* and Kimiko HIRAyAMA™

AF - FELEBEROMEY v v 7T EHBEMRE TICBUI2AXFEROLFEL (EV2—) ORI, LFEHY
oY) DBRERK, EORE, YEROMEMR, EREHAL. AERETICBIT 2 UEROR IS/ IZIERS A TH
S72H5, WEF Y v 7T TCRRVWUEBPAROSAEICEALGME o Tz, BEKYH ORESISHEMRET
Q48 LD LMEXFy v 7T GOE) THEESZho/. HEROBMRI YN OHERE VEROBM RS L
DOESIIHBEMRE T OHBERIN S o725, BIHTHHECHEEIREF v v 7 TOHPEEIIE o7z,
YEROMEMEIE 3 » AiTR L RHICRY, HWEX Y v 7 FIEHSEME FO16fEL ko Tz, TNSDMRENS
HEFENZ L CHSENRE T OAFERNISIEOEERIMEIZ L > TN R FELEED D ORELITH) —FH T, HEW
FOWHEMEICE 32 ) BRREIDLVEL TROLBEERZMIET I LICL > THEOHME X TWAZ L0 L2
ol FRERGHABEMKET TERICE P 272205, ThEBEEADOHIBIE ) BEAOEERRHIEEORFMLIC
Lo THB) L L THEHERIN.
F—T—FRREAF, WERMARRE, BE, 7x/0Y—, Wk

Morphology, structure and dynamics of current-year shoots (modules) of Cryptomeria japonica saplings were
studied in canopy gaps and in closed canopy of a natural conifer-hardwood forest. Shoot length distribution was
normal in closed canopy while the distribution skewed positively in canopy gaps. The number of growing points per
shoot in closed canopy (1.4) was significantly lower than that in canopy gaps (3.0). The number of needles per shoot
length and the shoot weight per shoot length were significantly lower in closed canopy although the open angle of
needle along shoot was significantly lower in canopy gaps. The periods of shoot elongation (> 3 months) in canopy
gaps was 1.6 times longer than that in closed canopy. These results clarified that C. japonica saplings adjust needle
morphology to achieve efficient photosynthesis through avoiding mutual shading among needles and reduce the
increment of crown by producing shorter and lighter shoots with lower number of growing points in the light
limited condition of closed canopy. In addition, needle longevity was significantly higher in closed canopy, suggesting
that C. japonica saplings compensate the reduced amount of needles by prolonging needle longevity in closed canopy.
Key words: Natural growing sugi-cedar, Current-year shoot population, Morphology, Phenology, Plasticity
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BOWTEEREHERT 5272012, 529, TEEE VI3

BRI, BE, KEERIEZE)ETBERD
EIBEREM (EV2—NEWVD) OESKELEST
W% (HARPER 1977). #hw z, #Eix, Hi4L, LT,
KRIBERTEV 22— VORKELLELZHZLATE
5H BRIZARONBEV 2 - VORREIILHELEHKTH S
ZEhn, BEIOMITE, BAROEEEMAS LTHA
RIEMERE LTSNS, T, BRI -RICEEEE
WO R EET LA, ZOBRBMEIREE{LOBEL LI
Mg s, 2L Edhs, BAE, BrzBREC

MERFEXETWAE, COWBEMEE, V12—V,
BE, 14X, BELLEEEIELZLIZL-TEHR
ENhab. LicdioT, EHaBlsT5EY 2 — LT[
WHZBEOMCT ST EiE, 4 OBEOEM 2 HO
JERIZE & F 57, KK - L CoBEMIC L B
BT kA,

—7%, BHROWERIKADF X v FHEHF 1L 7 RK%
ZRLTBY, ZNUHFHERTRBIZBIT 2 EEBEOZEMBA
Bk, FEZRMOMRE, S5 OER - MiFEs
FICEELRZEHZELTVWAI LIRALHOATETY

* RAERRFE R B R SR BRI L

* Laboratory of Silviculture, Graduate School of Agriculture, Kyoto University
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5. Lo T, WEFY v FIiER L THAROHENE
RN A2 LiE, NRETHEMALZTTIERL 20N
KERD L HFMROBEBIZHLBENDLZ LIRS,

RS ERTH B A X, HRBHOZEHHIZH
B AF - BEILEMKICBOTE LN LBED—D
Thb. AFIZOWTIE, IhFT, A¥X - BELES
R E IS, EEOHEREAR (Bl - £H1986, &
N H11993), K& (TABUCHI et al 1986), #itEE
(FFH - REE1990), REEHOE (F1994), HHFr
AFAEBEENHEEOEbLD (Tara et al. 1995,
MORIGUCHI et al. 2001) 7 EIZDOWTHIFFEI R ST
ETWa, $72, BEIRICoOWTIX, ANLHZHLIZ,
EEARENBELOER R COBRNLENHE & X
NTETBY (EHEL1973), ML %) BEOHE
RHEBEOEADFANSLNTE TS (HasuMoTO 1991,
A - £R1995). LA L%As, AFORBER% H4E
A (EV2—) OBGFELEAZL, €V a2 —-VOBE,
R, ENRER RIS O, AXFORKSAH I
B RSN HREBAE Vo IR 2B R T, &4
BHh7-57% 0.

ZIT, AWRTIE, REREOBENIINTIEIAFOR
BEBIBT H72012, AX - HEILEBROKEF v v
TTEH#KBT TRZNICERT LTV D AFEROM
HEBETHEY 22— VOWRE, Wi BELLE - F
L7z, Z2LTC, AXOERERICBIT 2BEOTHE
BEEEFOI=Z— 7 X EHLMICTEIEEHEMEL
7.

2. AT ETE

RPN, FAFALERICH 2 A REF A FEE MO
EWBAF - EELEMK BEEH800m) 2BV TT
b/, AZ—wiE, AFzRLHELT, T, 3
AFTG, ANIFITHLF R EFMEELTW .

AXORERDOENEY . BRERTHLIAY
DOEEIIRICEVEEZ L-ENHEZ DL, e Os3E
PEEICEE L CBERICEBINAZ L s, §HEE
BB OBEITHBTH D, LFFEL ho 28 EIEE
L72BFEEZHET S O\ 1964). T2 Lhs, HF,
LERIF OB I ONTHEORSIVREIIRELS LS
BRI, $IEORESMIEFALE R LEBL KR4,
FRFIL, HEORSIMEAIZE R BRBELAZ,
BEOMEERIBL V) T EEBERVET. ZOK
R, REORE D IRBERIZSIEE 21T B B O REEE
WERL, RIIHEROBEZ2EER Lz L) BRI
%5 (Fig. ). AFOIH L-FHICL- T, ti#Eo
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ERAEEDSTTRRE R 5.

RENEKRIL, BRBICAEBLTVWIBERN 2mOE
RERABFEMET EMRETX ¥ v T ThHENRENS KT
BOW L7, BREZHBTAW (4 H) 12, Z2eho
fERD Zfl % & B _ LSO —ER 5 RIZS XV ENT
7otk SHIZTNVEMT—EHR EOBRES S (4
EREERDSMEIRAL) CFEB2FEST. FLTC, 5
A»H10HEFTOM, 1 88»S 1 HOEBTS 2D
BERE)MELSLEROBREMRELEE L.
T/, BEBOBEN Ry BIRBT 572012, BKEL,
HEMRET EMBEF Y v 7TOER (B54) 256, £
NEN L AROFES (FEmEr 5O S 250mDE, LIk,
Fhr oAy - LR Yy, KEEWS TAY —
RV TWALETOSERIIOVWTES EREROHE
BRI, SOITHEREHEOREN LY EIERT S
722, Y0 -HEKET EREF v v 7 TOER
DETHE T T A5 —5 6 BERZEBORTOWIL, &
EoRS, BT L8EORE, YEHOHMNES
W70 O EH, UEHOBMES UV OES (i
#H) RMELZ. E#WHE koI, EERAFYBER
DRBHIFH TR FEET H 2 B, AL T,
EEMIC, REOFHEL NI TV BEHEIRERM O D &
LEEERHE LTHW., ZOEBIZOWTIE, iy

In canopy gaps

Fig. 1 Morphology of modules for Cryptomeria japonica
saplings in canopy gaps and in closed canopy.
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FAY—RBRBMLI-bDE N, MEF Y v 7T EH
BEHE T2 OBERZIORTOH TV, F@RiZiT%
PUE N VAN

AXFEROE EONERE M LEFREE) 3, &
BE Yy 7 T2540+£78%TH Y, HHENRETFH46=
15%TH 7.

3. HWREER

3. 1. YEROEHRAEIE
AFEROBEHOMERGIL, BHENET, AEx
Yy 7TTFEBICS R TH-2DIH LT, MEEL
EHSEMOE T2 7 A TH, Exv vy 7 T29 A RaE
%y (Fig. 2, Tablel), AFHETHELEZIAD S
7z (p<0.001, t test). #ERMIZ, HAROMMERM I,
FSHME TA32 » Hil, MEF v v 7054 r HEgE £
o Tz (p<0.001, t test) (Table 1). ThHEOMER
i, AFERTEBFTRONRIRIEICED Y 7  BEHOMH
2 EIRICHIBT 525 BREEIZFRICKE(RES
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Fig. 2 Seasonal course of shoot elongation (mean *S.E) for C.
Jjaponica saplings in canopy gaps (open circle) and in closed
canopy (solid circle).

Table 1 Phenological traits (mean=S.D.) of modules (current-
year shoots) for C. japonica saplings in canopy gaps and in
closed canopy.

In canopy gaps In closed canopy

Flushing day ! 19.5£2.6 19.5+2.6 0s
Ceasing day ! 120.9+6.6 83.0£3.3%*
Elongation periods (days) 101.7+78 63.64.1**

! Days after May 1st
Significance level: *p<0.001, ™ p>0.05 by t test
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NBZLERLTWA. /2, AFXEROMEMIZA
FHOWEREIC L > TRELENTE DD, 2~3 4
BUEIZOREDPLY)RVDDERSTWAIZ EERL
TW5h,

INETIS, STEBOLER DM REGH MR LIH
WHET A RIIEES L ENTE TS (FOWELLS
1941, MITCHELL 1965, CANNELL et al. 1976, ZOBEL 1983,
Harry 1987). Z®OHT, MitcHELL (1965) &% H D
HEBOZLFOT A X BEROMHEYEE OMbY %
AN, LEIVNE, HLWIEFLFERRLIEIEHEY
MITRL ZAEIED A EAEH LTS, AFITH
(o IS EDBICEE LBF LR T 05, YV E,
EIR, FILBLVSI YRR EDLF IR L
NS, AFELTEGLEWERE 2>TwAE. 29
L2 &b, AFOUEKROMBLM IIEr B L2k
DES Lo TWw2bDLiERINS. £/, - RHE
(1994) IFFEEBHEFICBVTL ) FEROBER EoM
By =V ERN, BMEMEIZ4~5 7 AOERMICES
ZEERELTWS, v/ FoMmERBIcERE EZF
DENZEL o TWVEY, LFEE{TRLEVE S
FIZHRL EAFINE VLD ORFERET AL
PHMEMEORK ZZITRT <L), v/ F LD b
REIBEC 2o T0A I 2 XBL T3 b D LHEE
INs.

3. 2. YFEROIEE
BEMORXOBEES I, BAEAET, HEF v v
FPTEHICRE3~4dny FRAIZE— FE2L>—1U5H
ElpoTwiz, oL, MEXy v 7T EHEKRET T
EVAFED SN, HEARET CIRERSMZRLAEZDIC
LT, MEF ¥ v 7T TRAEBEITKE W (FAYFEHK
F=285cm), EICEALZSHzxR L7 (Fig 3). 0
R, YERROFHIE, HEX v v 7 TH54£37cm,
FASEAME TH41x16em& 2 Y, HWEX Y v 7 FOHT

03

In canopy gaps In closed canopy
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Fig. 3 Relative frequency distribution of module (current-year
shoot) length for C. japonica saplings in canopy gaps and in
closed canopy.
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AEICKE L o TWw7z (p<0.0001, MANN-WHITNEY'S
U test) (Table 2). BEEDPZ L VEGHTICEBLT
WABARDBERDOT A4 IHNEFINHEERETOLOK
RTNELL B2 2 kg, b Py (570M01992),
¥7¥Y (Kato and YAMAMOTO 2002), *+4 5 €Y
(KAaTO and YAMAMOTO 2002) 7% ECTHEIN TV 5.
70 - RHE (1993) X" AMOTRBICATL WAL
FAFEIANI IYNY Y VENRICYEKOT O —
Ya Ry =R, YERREYERLTDOER
(F) LHEHE (C) ol (C/FH) & OMiIz—REMR
TR ENDLEEIRIT A2 L2 HmEL TS, ZL
T, BEFEFZLOERGTICBWTHEMENEL L5
HEE LT, ZOEMWEROBIIE N SGERIZER
MEIL:) OEFERTLILEODH LEFMLBENE
BVNELBBZEREBERLTHBEIEDNS, HBEIRD
ZLOWEATIRBWTIZEWYERO I YER OHER
DETHEMCRDLEIZHLILEREHL TS, AFXD
BERKIE, TRENOSEIFEE LS TRELZELTY
52 EPLEMLSRE LIEFILFEIXG LR E 2
2 TWBA, RENIBICIERBOREEILTRD O R,
C/Fl & BEBREDOMIZ—REMR THFE S L5 BRI
HHNz (p<0.001, F test). Zhwp z, FASHMLTIC
BOWTAFERODYEHDIFE NS DOTHE I N TR
oW TiE, Fot - BRI (1993) 298 L 7-FE0HEH
WCESWTWnEHDEEZ LS.
AFEROEE Y 5 A5 —47- ) OLEREIT,
¥y v TTH244 684, HEME TA211 £ 11K L 420D,
WEX v v T TORTELSE MERPEA LN, FE
ZIEXBO LN o7 (p=0.917, MANN-WHITNEY'S U
test) (Table 2). L2 KBEETICEFTHHALY
SUCBERBEAD DL w, RN o B4E
¥eEE AL DIiCid, BonNsER and AARSSEN (1994)
Table 2 Demographical traits (mean+S.D.) of modules

(current-year shoots) for C. japonica saplings in canopy gaps
and in closed canopy.

In canopy gaps  In closed canopy

Number of shoots per cluster ! 244+68 2111108
Shoot length 2 (cm) 54%37 4.1%1.6+
(20.9£9.2) (2.5+0.8*)

Total shoot length per cluster ! (cm) 1314£309 856+ 6808

3.0£7.0 14%1.1+

Number of growing points per shoot

! Main stem with 50 cm long from the terminal (N=5 sampled
in each site)

2 Shoot length of terminal leader was shown in the parenthesis
(N=5 sampled in each site). Significance level: *p<0.002,
*p<0.0001, ™ p>0.05 by Mann-Whitney's U test
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WEAELZANBETICBITAYT MY A T ORIEND
0, YEMBIIHASERETOFPEREIIS LW L 2K
HLTWA, F-HAEE Y ) OMLFERBERE 2 A
723 DIZiZCaNEAM (1988) (2 X AL KROMEF v v 7
T EBSME FICcBIF A7 L9 b T OMZEND
D, WINLAERE TOHMENZ L 2 HE LT 5.
KD AFXFEROEE, 7)) v FER LRz
TwbIZ ePps, —BIZEBETER2, LiL, dLX
FEARBFNMTH S L TE, AFEROLERED
BESMPEENTREGFTICBWTIEICEALZ AR
Z% o TVl E BB MR  BEBHANTIZE
ULThol-HrEBTHILIZEoT, AFERIZITY
FRONY 7B DOPHFELEENEHTICBNT
WEZONY 7 O—% R MIET &0 BB Lt in ik
EREIETVDLILERLTNELHEZLILNT
&5,

—%, AXEROTEZ 527 —%720) DLEROE
SOEEHE, WEF v v 7T (1314309 cm) & PASHAK
T (85668 cm) THRYVDENRH 722D bbb
3, BEEBZEDLN LD o7 (p=0.251, MANN-
WHITNEY'S U test) (Table 2). AFEROERMIZ,
¥ Y v TTA24+05F, PASHME TA42+£044F & %
D, REFEIFZLVHSERE FICBWTHBICKRE(R
2Tz (p<0.0001, MANN-WIHITNEY'S U test) (Table
3). AFXDEE, HELEMOXINIEEL WEEIIL-
TWAIEDS, HMENETIIEEDETIZOLRMS.
BREEHTIBVWTEDOEMPRS LT LI L AL
hTBh, ThETZHEINTETDE (kk
1990). 79 AF =R OBEERLRIVICHEET S
72T, 7IAY—Yh) OMERE L ERBORE KD
LHE, MEF ¥ v 7 TH3162.2cm yr, HEMKET A
36334cmyr& %D, HABMETOHIPKREL Lo T
7o, AR R RREICHET A BRI, AR RN
EREBTLULENDL. LHL, INsoERIE,
AXEROEHPHAFEME T ICBVTAHEILE > T
WeDiE, AE TR D> b 0OBMKETICBWT
MENEOGHIHEE Yy 7TO 6 EIRETTERTL
TV LIlE-»CHERIENDIEEEOBIICL D
LONERERBEDEKT2EOEGFERLTHILICL

Table 3 Maximum age of shoot with green needles (mean=*
S.D.) of main stem for C. japonica saplings in canopy gaps and
in closed canopy.

In canopy gaps In closed canopy

Shoot age (yr) 24%05 4240.4%*

Significance level: *p<0.001 by Mann-Whitney's U test
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S>THIB) ELATEIZ KB L TV E050 0 L.
AFEARTHONIZLBERROE T ERMBIIB VT
ELL, MEX v v 7T T5209+9.2cm, BHSHME T2
25x08cm& %2 Y (p<0.001, MANN-WHITNEY'S U test),
L EDENRD SNz (Table 2). T/ YER Y/
DDOREHEOBIBKEF v v 7 TH3.0£7.0MH, BIsEH
T4 1LUMEE 2D, HEX v v T TOHEPAEEI
K&E»o7 (p<0.002, MANN-WHITNEY'S U test)
(Table 2). Z ORI, KE»ICITBEROBEIEERD
BWERBLTWEEEDbNS., SLICAFEADLE
B BB OB L BEKOE S OBKRIE, MEX v
v 7T, FASMET & DI BERORE S LT
My a@EmERL, WL BEBEKICI--TEES L
7z (p<001, F test). L EBEEOMDHIZDONT
L <MoNTwE, CRSDORBERIZ, AFERVESF
WL U T LHEROMERRL B ERERY K&
CEZBT LWL THIERE BFEICEZME - BHEL
TWwBIEERLTNS,

3. 3. HERKDRHE

AFXFEROSEL ECLRERDOERIZE, WEF v v
TTLHSRET TEVARD NIz (Table 4). X4
BROBMNRIRL-VOHERI, KEX v v 7 TH
10.3= 1.0K/cm, BASHAME T 258720748/ em& % 1, #F
FXy vy T TOHFTERILEL ) o7 (p<0.002, MANN-
WHITNEY'S U test). F72, SEFOBIINTHEED
FEE, MEX Y v 7 T05204=468, PASHMET A
241438 LD, AEMRETOR THRIIKRE o7
(p<0.001, MANN-WHITNEY'S U test). & 512, BEX
L) OBREFROELE, KEX Y v 7 To24.2+
44mg/cm, FASAME T 28128+ 15mg/em& %2V, Hig¥x
Y T TR THEIZEDN > 72 (p<0.0001, MANN-
WHITNEY'S U test). ThHO#ERIE, #EICHLT,
AFERITEIT A P OBEREMIT—FHT, $HEOR
BEHEEHEOHBELZRESTAILICL > THOHKE

Table 4 Morphological traits (mean=S.D.) of modules
(current-year shoots) for C. japonica saplings in canopy gaps
and in closed canopy.

In canopy gaps In closed canopy
Needle number density (/cm) 103*1.0 8.710.7**
Needle length (mm) 11.9+0.8 13.520.7%*
Open angle of needle (degree) 204+46 24.1+43*
Shoot weight density (mg/cm) 242444 12.8£1.5%*

Significance level: *p<0.005, *p<0.001 by Mann-Whitney's U
test
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AT 5LV ) FERENRZELTWLILERLT
Wa, —F, SHEORSEMAREF v v T TH11.9+08
mm, PASHME F25135+07 mm& %Y, HSMRETOH
THEEIZED -7 (p<0.001, MANN-WHITNEY'S U test).
ZLCHUNREI YY) OHERELH4EROEL KD S
L, REFXF v v I TFH122.6mn/cm, BASEMIE T AH117.5mm
/em& B DIRIEFELTHo7z. 29 LERIE, #HE
LD Lo THEHEELZTIFALLBIEIX DT 2
—FERMIZTZEICL o TAELLEEREORDIL, 13
BERBOPELTHILIZESTHD L) AEIEHED
RBELTWLIERZRLTWAS, HREIZH LT, BAD
RECTEHEWVEKIZA MOELZRERTHILIIELEDS
NLZBRTH L. AFXOLERKTRD b BREALIE,
Feoho F 0 I8 EF WIEIRICEE T 5 A FOREREH
FRBL, METALNLZLDLE—BEDL - 2R
WINETHL I L% ) dbE5b,

3. 4, BV -IEMEZOR[EBES, S A - X FOEY

FFFRORTEFX ¥ v 7T L HBHRETICBT 5 AXHE
RKOEY 2— N (UERK) OFE, L, HRBOMITIC
EoT, AFEROBEEBRT 5 EY 2 — VMIZITEE
MO LCTHERLWEBENEEL TV DT EPHL2IC
Nz, Thbb, FMBREY KEELZTWAETE
o THIDNRZDE, BEIELED LN EELBE
O M FE (O'CoNNELL and KELTY 1994) &\ o7
ERTEEIE TR, T3 2 — VOB, SO A
W ENHEIHTT % 418 o0 EHE R & 20 2 22 M F)
FAOFELRESIE TN 72, HETTOEY 22—
NVONRGIZE B % ) BERAIZEREESTHI LI
LToTHI EVIFELFESE T, B, BE
IREBICBV BB REICAS NS RWHEIH
(KikuzAwA 1983, SFILI - #761999) & ZN & BHIEICE X
S5NB L) BEMTEEOREIR, KEFY v 7K
I X AAEBTHOREZILICAIE TR LIEEREZ A
MAHTAZEIWRICTAEEZONS., Zhid, <
VHOEIBR MY LELREOBBICIZFRER NG
BMTHs.

AXE, BRBHOLEME LN SAY - FEILE
BHICBITAELSETHS. THET, AXENSEHH
DAF - FEILEBRICBOWTESTAHHLLT, %
EWICBISHERETHE VI EF VAT L2 EELT
WAHZEIERLTWSZ EXEHENTE I,
FEEFEWICHRRERE BRI TELHIEIAY - BEILE
BAHIC BT A OB SN2 SARICIEA SN VWER Y
AT ALTHY, BEBREOMERICERE TV HIEE
ETERV, L2L, AARIIBITAAFERDEY 2
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—VORRE, i, BROMITICL > THLMISIN:
A3, AF - BELEBHKICBOWTCATSRELSEE L
TEBTETVIERICE, REEF LI AR LER
VAFLEEBLTWAZLIZMAT, BELERT 5
EV 2 VRBIEICB W TR T R RESE
TWBTF, IXFT, ANy FIALFE VS LD
BEEICIASNE Y (BF - %X RERT-%),
EV2— VORBMBYTTENEEFEZIETVL I LICHHE
H2SHhBI EE2RLTVRAEDNS Ltk

# O

RfFe A D B ITH2 ), FEHRFHEFEBERO AR
XIIIEEE 3o THEW . ¥4, BAOKXHRE
ZIIFER T A FEEV. ZZICRLT, ML
HLEFET.
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