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Morphology, structure and dynamics of modules of Cryptomeria japonica saplings

in canopy gaps and in closed canopy
Michinori SakiMoTO™ and Kimiko HIRAYAMA™
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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.
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BIARORBIEIE, BE, BESRIEEED BT REKD
L) BERBA (EV2—-NEw)) DEERKEL ST
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5. L7235 T, HWEF v v FI2iEE L TBAROHENE
RENIT AL, NRETHBARIZT TR L ZOR
KEWD L HFMROBBIZHBENDLZ LIRS,

HRRMES ER TH B A X E, HRBHOZZHH 25
B AF - BEILREHKICBOTE LW LEED—D
Thb. AFIZO2WTIE, TNET, AF - BELEH
KM E IS, EEOERAR (Bl - £H1986, =
R Ai1993), HA L (TaBucHI et al. 1986), HhitEs
(FFH - RER1990), IREEHFOE (F1994), HHF
AT LEBEHEEOMDY (Tara et al. 1995,
MORIGUCHI et al. 2001) 7 EIZDOWTHOHFEI R ST
ETwW5h, T, BESHICOWTIE, ANTHAE LI,
EEAREZNBEAOOERE LR EOBRNLIENEL 2 X
NTETEBY (E#EL1973), MHEIZE b %) RO E
RREEDOEALD RSN TETW S (Hasavoro 1991,
A - EH1995). LaLAds, AFOBTRE B4E
B (ETa—N) OFGFEHRLALZL, €YV 22— VORE,
Bk, BERFABFICHENLZLOE, AFORKMiL T
B C ROND BARMEH L o 2R E Mz T, &<
Rz 57uw.,

ZZT, AT, BREOBEVIINTEAFOK
IBERIEET L0, AX - BELAEBHKROREF v v
TTEHEMRE T ZENFNIZAET LTS AXEROE
AR 5TV 2 —VORRE, Wk BIEZHE - @
L7, 2LTC, AFXOBEKRERICBT LEEHOTH
BMREEZOI— 7 ZZWELPIZTLIEZHERNEL
7z.

2. HEMETE

RIRAEE, TS B RS R EE RO E
R A X - ERILEEK (BEEH800m) B WTT
bh/:. #AZ—iE, AFzi2LvelT, 74, 3
XF G, ANy FIILFTREFELE LTV,

AXFDLEROTLEIEY . ERSIERTHIAY
DT RCERE LoENEZ LS, Be 053
DFEENCE S L CIREERICIEBE I A2 &5, $HEEE
REIOBESRHEECTH ), LFIIEL R o EPES
L7-BFEZHRT S N 1964). ST Enb, FE,
BERDPMOEBIIONTHEORIVPREIIREL LS
BRE?D, $HEOEXNFIFEFFAC L 2 BB 2R,
KB, HEORIIELAICHE R EREAZ,
BEDHMELZRABLEV) T EZEBERVET. 0K
R, HEORE D IIRFERIC S E A AT BT RN R
RERL, BIIHEROBMZRER LA L) 2 BEIC
%% (Fig. 1). AFOIH) LBMIZL-T, K#o
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In canopy gaps

In closed canopy

Fig. 1 Morphology of modules for Cryptomeria japonica
saplings in canopy gaps and in closed canopy.
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FSAY—2RBMLAbDEEIHN, KEXY vy 7T EH
BERE T2 OERZIORTOH TV, F@giiig%
SR,

AFXFEAROE EONERE A CEFREE) &, &
BX Yy 7TH540+78%TH Y, HEMETH46=
15%Tdh - 7-.

3. BRREER

3. 1. YEROFHINERE
AFEROBEROMERGIX, HEAET, AEx
Yy T TFEBII5 ARPHTH DR LT, HREL
HASEMETAY7 A TR, MEX vy TTH9 A LGE
%Y (Fig. 2, Tablel), AFHHETHELENVRD S
h7z (p<0.001, t test). #RMIZ, BHROMEIRM L,
FASHMTE FA%2 » A, MEX Y v T T4 r AL R
o Tz (p<0.001, t test) (Table 1). ZTh o ORER
X, AFERTEFTRORREICED ) 2 { BEKOM
E2FRICEBT 575, BRELEZZRICRE (EES
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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 0
Ceasing day ! 120.9+6.6 83.0£3.3%*
Elongation periods (days) 101.7+7.8 63.64.1*+*

! Days after May 1st
Significance level: *p<0.001, ™ p>0.05 by t test
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hoZEZRLTWA, T2, AFEROMELRIZE
HFHIOWRBEIZ L o TRESEMLTHHDOD, 2~3 7
AUEZHDREDPZYRVDIDERSTVWHI L ZRL
TW5.,

IHRE T, $TEMOLFEROMRFRBE M RLH
WHETAMBEREEL ZENTETWS (FOWELLS
1941, MITCHELL 1965, CANNELL et al. 1976, ZOBEL 1983,
Harry 1987). O T, MrrcHeLL (1965) W& H»
SIEBMOLF OV 4 XL BEROMREYBE OMbY %
FAR, ZFEIVNE W, HDLVEEAFERZREIZEHER
MR 2AEPEH LI L EEHL NS, AFRHE
KB 728 ENFICEE LIBFEL TR T 50, <V E,
EIR, MILBEVSLT YRR EDOAFIILNRS L
NS, ZFELTRSLBWERER->TWE. 29
L7z &hn, AFOLEROMEBRIIE, AL 2%
DELS o> TwzbDLHEREINS. T/, FL - KH
(1994) I HEBHEBIZBVTE ) FEROEEFEOMH
By — VxR, MEHEIZ4~5 7 AORMIZES
ZEEHELTCVS, ¢/ FoMEMBIICHRL EZF
DZFNIFFEL o T 52, LFE2EFERLEVE
FIZHRBEAFINZ VLV L OBFEERET AL
POMEMHOHPEZITIRTRY, /7RI LM
BRHMPEL 2o TWAZ LERBLTWAD DL HEE
aha.

3. 2. YEROEE

AR OR S OEESIZ, B#EARET, HWEF v v
TTEBICRE 3 ~4mZ 5 RIZE—=FELO—IIGHK
EoTwiz, Lo L, EX v v 7T &HEMET T
EWHPROON, HENRE T CRERSHZRLZDIC
LT, MEF v v 7T TRAEIKE W (BALEHK
K =285m), EICEAXGHEZRL) (Fig. 3). 20
MR, YERROFEHIE, WEX v v 7 TH54+37cm,
BISAME TH41x16em& 2 ), MEF » v 7 TFTDOHT
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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> Tw7 (p<0.0001, MANN-WHITNEY'S
U test) (Table 2). KEEDPZLVEETIZEBTLT
WABARDYERLDOT A ANFEENIZHERTOH DI
HRTPAEL B E0) 2 EiE, b FY (FTk1992),
¥ I ¥V (KATO and YAMAMOTO 2002), *+4 T 5¥ Y
(KaTo and YAMAMOTO 2002) % ETHEIN TV 5.
76 - KHE (1993) R KHKOTRIZAFTEL TS
FAFLIANI IINY Y DV EMRICLHEROT O —
Ya vy —YEHRN, YERRE $EHL)OEE
(F) LYEHE (C) ol (C/FH) & oMic—REM
THEFINLERPRILT LI EEHEL TS, FL
T, BEFEPZLVEGETIIBWTHEMRENEL L5
HEHELT, COBERMBEROBOLIZE YERIZEE
MEILYOEIHERTHILEDOD 5EFHFEENE
SPNELBBZERERLTHB I ENG, HBERA
ZLVEHTIZBVTIREWEERDO TP BEROMER
DLETHEMCRLEIIHHIL2EHLTVS, AFD
LRI, TRENOHENEE LETREZELTY
LI oEALERE L IEFRILEFEFPRG LEEVEBREL 2
5> TW505, BENESIIIREORENLTRD SN,
C/Fl b BEBREOMIZ—REMR THIE S N5 BRI
BbHhz (p<0.001, F test). Thwz, PASHME TIZ
BOWTAFEROYFERDIE NS DOTHEIN TR
oW TiE, Wit - I (1993) 238 L 7- Mo #EH
WZEISWTWEHDEEZLNS.
AFXFEROEM S 7 A5 —472 ) OLEREIT, KT
F v TTIH244 =684, PASHME TA211 114K L %0,
WEX v v T TORFTES S ERPEA LN, FE
ZiIRDO LN dr o7 (p=0.917, MANN-WHITNEY'S U
test) (Table 2). B2 NERETICEFTT H2HEALN
SUICBERBERAD DL, 4720 o B4
¥ & R~ DiZid, Bonser 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 ! 244168 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
Number of growing points per shoot 3.0x£7.0 14x1.1¢

! 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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WEARRANBETIIBI A by h TFOHELH
h, UERBIIFEKETOFPEEIA LN L 2]
HFLTWA., FARNEREYH OLERBFE LR
72b DIZikCanaAM (1988) 2 X BALROMEF v v 7
TEHEMETICBIT L 7T LY b h T FOWEND
D, WINLBAERETOHMENZ L 2HE L TV 5.
RIFFEDAXEROE A, TN v TEND 2 Rl o
TwbZEPpL, —MIIHETE2W, LAL, LA
FERWFINKTH D ETUE, AFEROLEHKED
BEESMPEENTHEHTICBVWTIEICEALZ AR
WC%o TVl EEFFMICER R  GEREANTIZE
UTHholzlxERTHILICL-T, AFEKRIZIEY
ERDONY 7B DOPHFELETN LB TIIBNT
ZZONY 7 O—E% K ARIET &) RN % 6 is
AREIETCVDLILERLTVALELEZLILHNT
5.

—F, AFEROFHZ 525 —%7:) OLEROE
SOAFHE, MEF ¥ v 7F (1314£309 cm) & PASKA
T (85668 cm) THR D DENDH-2IZd0hbb
¥, AEEZZOONL D o572 (p=0.251, MANN-
WHiTNEY's U test) (Table 2). AFERDOIERIZ,
¥ ¥ v T TA24£05, PASME TH42£044E L 2%
D, REFEIFZLVHERETICBVWTAHARICKRE(:
2Tz (p<0.0001, MANN-WHITNEY'S U test) (Table
3). AXDLGE, SHELBEHOXB 2 H L WEREICE 5
TVHIZENL, HHMEVETIIEEDKTIZORNS.
BREEHTICBWTEDEMPRS 25T LT L AL
NTBBH, ThETICIHEINRTETS (KB
1990). 7 9 RAY =Y hOFERERINIHET S
T2, 79 AF =470 OLFEHE L EROEE KD
LY, MEX+ v 7 T43162.2 cm yr, FASHMKT TH
36334 cemyr& 2D, HSMKETOFVIKEL Lo T
7o. AR ERCEICHET AR, ARTNE R R
ERERTHLENDHL. LIL, ThboERE,
AXEROERAPPHBEME T ICBVWTHEEILB - T
Wk, AETCEEDP-7b0DOBRERETIZRNVT
YENBEOGEHAIHEF Y vy 7 TO6ERETITETL
TV eI THERISNAEFEERBOBIICED
LIONEREEBEDKT2EOEMEELTAHILIZL

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+05 424£0.4%*

Significance level: *p<0.001 by Mann-Whitney's U test
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STHB) ELLTHZ XML TWEO0h Lk,
AXFERTH LN BERROECITEREICB N T
EFLL, MEF v v 7 T520.9+9.2cm, FHEEAE T A
25+08cm& 2 Y (p<0.001, MANN-WHITNEY'S U test),
SHELL EDEDRD bz (Table 2). FBFEM Y7
DOXREEORIIEREF v v FFH3.0:7.0MH, BHMK
TWTA1L4+x1LVEE LY, WEFX Y v 7 TOHEIFIFEIZ
K&H» o7 (p<0.002, MANN-WHITNEY'S U test)
(Table 2). T ORI, KT ITIEBERHOBETEED
BEVWERBLTWAEEbRA, ELIZAFEARADYLE
B REROM L BEBOR S ORI, HEx v
v 7T, BSMET & b ICHEROR SHIM LT
My a@EmERL, WIRLBEBEKICI-TEES R
7z (p<001, F test). L#lfk & BER OB HIZONWT
E<moncTws, ChSDERIE, AFERNVER
HDIEEMIIS U C L EROBHERPHERREEL KE
CEZAZ LI THIERE BEICE MR - BREL
TWBIZLERLTWA,

3. 3. HEKDWEE

AXEROFEY EOCLEROBREICIE, HEF ¥ v
TTEHERET TEVPRD bz (Table 4). H4E
MOBMRI L) OHERIEZ, MEF v v 7 TH
103+ 10K /cm, PASHMTEETH8.7+07K/m& %20, #
BX Yy T TFTOHTERICE -7 (p<0.002, MANN-
WHITNEY'S U test). 72, BEMOEIIH T L4 ED
B, WEX v v I T2204x468, HBEAMNET
241243 LR, AEMKBTOR THREICKRE o 2
(p<0.001, MANN-WHITNEY'S U test). & 51iZ, BEX
L) OBEHKOESIE, KEF Yy v S TA24.2+
44mg/cm, BABIME T A128+15mg/ecnt %2 Y, HEF
Yy I TFOHTHEEIZEDN -7 (p<0.0001, MANN-
WHITNEY'S U test). T HOfFERIE, HEIIHL T,
AFERIZEIA FOLBEREZMTT AT, SHEOR
BEHREEHEOHELZRESTHIILICL > THCHKE

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) 103x1.0 8.710.7%*
Needle length (mm) 11.9+0.8 13.5£0.7%*
Open angle of needle (degree) 204+46 24.1+43*
Shoot weight density (mg/cm) 242+44 12.8+1.5%+

Significance level: *p<0.005, *p<0.001 by Mann-Whitney's U
test
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T 5 &) REEEIREL TWSE I L ERLT
Wz, —F, #EO0ESRIHEF ¥ v 7511908
mm, PASHME FA%135+07 mm& %2 Y, BSME T Ol
THEILE, -7 (p<0.001, MANN-WHITNEY'S U test).
ZLTCHMNRS YD OHERLHERIEL KD S
L, MEF v v 7 FH%1226mm/cm, FASEMIE TA%117.5mm
/emE D IFIIEREICTH o7, 29 LRI, #HEl
LD Lo THEREELTIFALLEDIEIXA MDY 2
— PRI TZLICE o TELLEERORDIE, $13E
BERBODPELTHI LI oTHY L) FHiED
BELTWAIEERLTWA, HREIIH LT, BRY
RELTHWRKIZ MOELZRERTHZLIBARDS
NBBRTH L. AFDOLBERTRD L NERBELII,
Koo B 0 832 BIEIRICEE T 2 A FORENEY
FRBLL., METALNLLDLIZ—RED - PR
METHLI %) hbesh,

3. 4. EV21-IEMEZTORBYED S KX XD

FFFRORTEX v v 7F L HSHRE TICBIT 22X
ROEY 22—V (SR OFRE, HiE, BROMHTIC
LoT, AFEROBMTEEZHENT 5E Y 2 — VIZITEHE
MRFO L CTHEALRTEENFEL TV I LALLM
Ehiz. Thbb, FEMHFRELZAKE(EL TV E
WCEoTHINNZE, BBIOECEDONLEELRBE
DO EMEFE (O'ConNELL and KELTY 1994) &\» o7z
ZERH R T I ES, Y 2 — VOTSEERAT D S HT &
W E NI B SO B EE & BRI 72 22 B F)
HAoFBLBESETCW. T, HBETTOEY 2—
VONERIZE D %) EERDVEERERCTAHI L
Lo THILVIRABIEEZ T T, 51T, HE
JREBICBW IR 2 EBICA SN L RV R
(Kikuzawa 1983, il - #761999) & Fh % BfEICE X
bNB LWV RRBWTMEEOTRZEIR, KEF Y v 7K
I 2 ABHORBEE(LICRIEICHIS LIERREE A
BAMATAHIEDARRICTAEEZONDL. ThiE, <
YHOEIRBRL MY LEREOBBIIIFRE RO W
BHTh 5.

AXIL, HARBROLEME NS AY - FEILE
BHRICBITAESHETHS., ChEIT, AFVLEEHF
DAF - FELEBKRICIBWTESTABEHE LT, %
EWICBEIEHWLERFERFE CIEFH VAT L EERLT
WBZEIERLTWAZ LA EHENTE 2 LI,
KEZFENICHBWEARL MR TELHIEIAY - BELE
BB OB LML EAEIZIZA LN R VER Y
AT ALTHY, BEROHEFIZAREH TV HIEE
ETEZWV, L L, FHACBITLAFERDEY 2
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—IVORE, i, BBOMITICE > THLMIZ SN
A3, AF - BELERKICBOW AT SRE LKL L
TEBETETVLIHERICE, REEFLVIENLER
VAFLEEBLTWAZ EICMAT, BEEERT 5
EYV 2 VRBIEICE W TR B2 TR RE S
TWBTF, IXFF, anyFIHIFE Vo 722hD
BEEICIALLEY (EfE - B RBERT—75),
BV 2 VORHNITBEELRESETCNLILICHE
HEHBHZ EEZRLTWADNL L,

# OB

A% #D B2 472 ), FEREHAFRIROA R
BIEAEZ I THW ., ¥, BLOERES
ZAZIZER LI A Y FEEVE., ZZWELT, @iLE
BLEFES.
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