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AFIEEROIRFBANDEZ I
FEXT AR RIGR & R U o R

WOHE R R eE R OE—E X OIE Ar*
% &

A FIHARDH T~ OEMSE 2 & 52T 2 72 & 02, KRERUTTE - HLE B3 2480
AR BAR % R TR U e, HUBSORIBWTHI SN & L E SR TR O BiTE i & O BIIR T Z 1
FhB AERERTRanN:, Sh s OROMN R ERILE L o J N LR R
e DI LIGEWEERL, HEHMEMTEHROREENEL VLI LIWREL,

AR D 1A TIRAEARIC O T R EMR- B R B R i s B R 1 ¢
HHHNRRBFPSEIIL 2, Ly L 1IRSGERE & & 2#l5 U iR c ik 2 o BRI
KEIFS D, ZOHEEE UTRHIIEIICEKRE LS WHROFE LB & 5B
WEEBLTCHBIEBEZ N,

AR S & U1 IRELE & U 1 RGEURO AN -BERMR L L3 5 &, HLRE,
HTH L b ehZhE—Reasizah, 4 7EFANEILTwR, ZOZLnolT
HMOBFRIL A T2 TFVEROCHEST S 2 EBHEHETH o 7o df, HTEAOIERE
YNEIR BT 2720 R A PEFATEERTE R WIIROBE: 2 F4bT 5.0
R a e,

oo e 1 HESYHE, FRRERCRBAGR, OR, MUROENE, 04 ST MR

1.1 € &

HERI LY EEINL O~ EBROERBCPLELR I AN F — 2B 5201
FHEROERE LTHVL N, B BEREMET 2%, &, BLlofBBEORERD
IR U2 OMBEPERIZHVSNE, BRORETTAEELLLE, EOBE~NEDL
SVATLENZ MW IBYSROMBEREERETH 5,

SECLix, N7 — 5 b 5RO BB EOREFERILC L - T [HEHOBR] & UTRER
BZEIS 2 L HERETH % (Landsberg, 1986), Z 0 &k 35 RIUHET — 2 2T+ 5 Fik &
U T Huxley (1932) OB 2 1A REERIIERTH 5, HNKEMRREBEORER
BB 2 & S CHRIIT B 2 k25, BAO—MOBERD SEE, H3viho—Eo
WEREHET2FHEL LTHLONT & (KA, 1971) 235, ANEKEBREAVSZ
EWX I VBHFEROMER T T BEL 2 BEORERO LSRR >V TERT 2
Z b T&3% (Santantonio, 1990),

INETHARODREICHET 2WEDS B EHD A 2o 7o ns% L, HTHEZ2ED
Te e CBIRORLRE R ERES R T L 22 flid Dz v, L LEIARO I FERORER LT 20~

* Tetsuou SHIROTA, Koichiro GYOKUSEN and Hisashi YAHATA : Dry Matter Allocation to Root
System in Young Sugi (Cryplomeria japonica D. Don) Tree : Growth Analysis with Allometry.
** Department of Forestry, Faculty of Agriculture, Kyushu University, Fukuoka 812
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50 % &k & < (Karizumi, 1974a ; #fE, 1979), ERBEEREFBEEC IO KREIEHT S

(Karizumi, 1976 ; %i{%, 1979 ; Santantonio, 1990) Z &5, HIFEHADEMSEIORE
AL Z & iE, BARORESBML2ENET 2 L TCARTRTHB LEZONS, T I TR
Tlx 5 FEDAF O EE, MTHORFREREL, AMUEM L RER L OBFAZHE
SRR BIRE AT T 2 2 LI & D HITERAORMSIN ED L S KREZ N TW» 5
M DWTHRE L7z,

2. B & F &k

2.1. BEFE

FUIMARSEREPI A 20 £EE D A FhRS (B 15 m) BB L THERR S M7e 5 EEEA ¥ 4
B (1BA~4ER) 2FBARE Uik, BRRIEZHELAAFTHY, SBEIACTHTDH
%, BUEIORREE 1992 4 6 FIClTo 7z, MBS BRI L o, HMITH AR & D B
Sz, KEHEE BIRROBABOLEEKEEZHCTHEWRL, RRENITERYHTS
BTHa, TORFERMEE CIELACHEEL SBREWMD B 2R 2/D> (HE,
1979).

U 7o BRI A2 R 1 R T, L EE T o w s 1 IR DB A E % JIER,
HERE 0PI L, EIMOAWMERE, EiREL 2 FATHEL:, &5 CBREBICE > TH
B2 & ki & 0 EMEE R Ui L R E LY, 2 CREEME TS Ze» b
BALERIZ &), REDHEIEREEEIERT L2 Uik, ERBICDW TS S 20 cm
Z I U ERIE R 2 AR TCHE L,

Rtk
tree system
M T
top system root system
i B ek B
stem branch root stock branch root
ML FERMEE KAR R
P non-pP coarse root fine root

Fig. 1 Dividing method of each compartment in a material tree.
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AREEHRIC L D BHEERRMTEICOWTIR, 1LIRSEBOMESH, HEEE, SSimE
SRPE LI, R, BERUCHTEHIZSEERB BV LT, Bk 1 RIFHR
WHEIL, 51 1IRGBARE 2 ~ 4 RGBT HEIL ., TOSHEOARLERE, £
ERlEE 2 AAITHIE L., & TOSEARIZIH & I BSHZEL TR E W L Bbh 2
R (M6B) OEEAZHBIL %, EHE2mmUEOKE, 2mm U TORBIZST 7,
DL D RSEL 7R % 85°CT 48 BiflEs R L ER 2R D T,

2.2. [RARAE
M EE R U TR, 1WA, 1A O LRI & £ DRIk 2 BEOBE
BoOBR CUF, KAEHEN-—SFEREBER) 2R EREH O TER L,
IR AR B RAR IR DR RO (X) efio—#F (V) H20EeHe 20—i#fo
MR OB B BRI RIS 5.,
Y=aX* (1)
ORI ODBEORERNEFIBEMRICH S Z L 2EHKLTEBY, FOhAELRE
hTEREE NS,
L dY_,1 dX (2)

Y dt "X dt
QREMO T2 L(EABESN, aBIDL EOMSERTH S, —RIC ¢ BHEREE
B, b RENERERAR R, ENEERERER- S OMETE hOMIIZIZ 1 TH

D, ZOOBEDOKERPEL LI EREINTWS (KHE, 1971).

EEMOET B Tt BE, TR O MR EM—BFRBERE, &/ EEN
DB TIE 1IREL, 1 IRGBURO EHAER M E IR E BB R & (1) O M0 pl
Tk,

BB E 1TIROBIRDERER O KRB LIS o0, EREITIC L > Tl
& 4 ERH OB OHBSAIMIER & SRR OEMALHEMESEH 2EHE L, ORXR0HENEE
MY T,

3. ¥ R

3.1, HEANBELIRODT

#F1EHBEAROMEERRT, #EZ1.27m»5 1.85m THholz, BTEE 3SR
Z0.46m B EEEEICEL, bt bnDnErCni,

TRSBRBEARZ VLD T2 micb R, #OHTHEBHET 2 A FHD & KA HHEIC
WY, BRMOTADINED SN, 20X 5 ERMTLBESEMTbh, TabiH
HEU 22 LIRME»SH SN TB ORROTFIHR GiifE, 1979) LMERLTW3, Le
L, L7 A Y TRPVEDIEAE > TWRHEH ks, 1989) d#lEahT
BY, O LFTHBHRIBECRE, WIRGECERENS EEZ SR T 3 (HifE,
1979).

2 IR OB L HERIL R RT, # L ORFRIITS 76 %, HITFEHO
BRI 24 %C, ¥ T/REIZ 3.27 Th o vz, Karizumi (1974 a) 23% { O A F s
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THRHEL T/RELIZ3~5THD, SEOFHRIF B, H L 76 BOMERIE
B DRSS 41 %, FERALERLS 7 %, #4828 % TH o7z, 7 HITH 24 %D PFRITIRER
212 %, KARDS 8 %, HIMRDS 4 % LARKESS 2 DB B 8, BRSO E LRI L& 2
STV AHIR (Karizumi, 1976 ; 1985) i32&0 5 %t/ 3, T4 std 54
ATH 1T%EN&dol, TO LD REMLEBOR & LEFRICH AN, HTHOEEBEED
FEEHTHAMBOBEFERNNS VI L RELOWFRICLVFEEN TS (Kar-
izumi, 1974b ; Santantonio, 1990).

#1  BEbROBE
Table 1 Outline of material tree.
Tree tree  branch basal crown prirary branch
No. height height area diameter root length
at ground
height Max. Min. Ave. Max. Min.  Ave.
cm cm mm® cm cm
1 185 46 837 124 89 107 232 56 105
2 145 82 339 65 32 41 85 32 45
3 127 20 286 93 " 36 46 98 33 60
4 155 68 421 103 50 87 120 56 87
average 153 54 471 96 52 70 134 44 74

2 BRREEOHERR UBRRL

Table 2 biomass and biomass ratio of each organ.

TREE tree top Stem  branch P* non-P**  root root  branch coarse fine
No. system system  stock root root root

1 0665 **+ 8231 327.2  495.9  417.2 78.7  243.4  107.7  135.7 85.8 49.9
(100.0)**** ( 77.2) ( 30.7) ( 46.5) ( 39.1) ( 7.4) (22,8 ( 10.1) (12.7) ( 8.0 ( 4.7

9 388.3 295.2  106.1 189, 169.4 19.6 93.1 38.4 54.7 40.1 14.6
( 100.0) ( 76.0) ( 27.3) ( 48, 7) (43.6) (5.1 ( 24.00 ( 9.9 ( 141 ( 10.3) ( 3.8

P 341.0 270. 100.2  169.8  139.2 30.5 71.0 28.7 16.0 12.7
( 100.0) (79, 2) (29.4) ( 49.8) ( 40.8) ( 9.00 ( 20. 8) ( 12 4) ( 8.4) ( 470 ( 3.7

4 633.1 463 171.7 281 2562.3 39.6  169.5 104 65.4 41.0 24.4
{ 100.0) ¢ 73. 2) (27.1) ( 46. 1) (39.9) ( 6.2) ( 26.8) ( 16, 4) (10.3) ( 6.5 ( 3.8
97.8  113.2 184.5 . 167.4 27.1 45.7 29.4 16.2

389.8 2 6.4
AVETage ( 100.0) (76.4) ( 29.0) ( 47.3) ( 40.4) ( 7.0) ( 23 6) (119 (1.9 { 7.5 ( 4.2

* photosynthetic organ

b non~-photosynthetic organ
***  weight (g)

¥*¥+ percentage

3.2. {EFROBENRRREE

4 RO HIE AR ER (BAG : Xylem basal area at ground height) & S8E OH#E
B (W) LOBMRER 2 2R, Hﬂ&%ﬂ@ﬁ<@Ab(l%mﬁfﬁﬁm FNFIIR
ATRansz,




motal
W(cp
VI/I‘OO(

RO

=0.819 BAG"Y¥
=(.659 BAG"*®
=0.157 BAG"™®

r=0.975
r=0.983
r=0.932
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Fig. 2 Allometric relation between xylem basal area at
ground height and biomass of each organ among 4
young sugi trees. Symbols showed each organ ([J; tree
system, @; top system, O; root system). Regression lines
were equation (3), (4), (5) in the text, respectively.

B2 EEEORBEAREBTE . S8E OBER & O RERER

3.3, EEAOENARER ‘
FEEBARD 1L, LIREGBHRIZ D v THEALMER (BA) —3&ER (W) BHER

SEARY., ZOBMFEDRCEUTRDREZIARHEEL 0.1 BRETER), RATHE
Ehde, ElFEEZERED SN ho T,

Mrgnch = O . 879 BAL“
I/Vb—rool =(,237 BA*

7=0.966
r=0.933

(6

Db

3.4, B 1 ROBROIEKEE RN REE%

W 4 FEREOBOHBEARIEYIER (BAG) & 1 ROBBOALMERSE (CBA : Com-
posite xylem basal area of primary branch root) & DBEMER K 4 iR T. = OME%Q)
HCHTROLE 2R GHEAL 0.1 %BKETER), kX THEEN:,

CBA  =0.945 BAG"*®

r={.982 (8)

N ERABOMIE 1 L VETNEL, THIGHEARERIERSAS <R3 1coh 1k
BARD AR RS H O M/ S R B 2 LB RLTWV S,
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100
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Biomass (g)

Xylem basal area (mmz)

Fig. 3 Allometric relation between xylem basal area of pri-
mary branch (closed circle and broken line, eq. (6)) and
primary branch root (open circle and solid line, eq. (7))
and biomass.

B3 —kis & U—RMEARD EET MR & B & O ERBMR

(mmz)
S
o
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100+

of primary branch root

—
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T

Composite xylem basal area

70 =00 7600

Xylem basal area at ground height (mm2)

Fig. 4 Allometric relation between xylem basal area at
ground height and composite xylem basal area of pri-
mary branch root. Symbols showed each growth year
(@; 1988, O ; 1989, B ; 1990 and 1992). Broken line was
Y=X, and solid line was equation (9) in the text.

B4 SRS & — R MR O AMRETERES T & OB
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4, # 2

4.1. {EEFEICH T 3ERERMR

BIAROEECEIL T Huxley (1932) OIE Z 7AB LRI T 6 Z e8FI6 N T
Vw3, ENEREERRORTERSN, RERD 2HIORRESLHI TSI 2RLT
w2, (DROENEERE (W) 21 TH IS CRRRERD 2O OREENEL VI L
EERT S, 5L OENREBFREZR LWRTIE AV LIGEMTE S EHRESN TV
({fcFH, 1971 ; Santantonio, 1990), 4 [E DTSR T b HIBSARIETER—REFRERC B
DRI RERESERIL L, ke O S EER, HITERTE i LIGEWEERLL, 202
LidH R M TFEOBRERNE L LI L EERLTWS, IS OHEERERERW 5
& T/REbiRTHRENS,

T/R ratio= VVtop/ I/Vmop: (a ;op/ﬂ root) BA (h top=ht root) (9)

hp=h oot TH DR, T/R I BA B 5 F—ElE (@ wp/@ root) TREND, T/
RIBFEIUCESETFTTCERS I CEbSF—ETH S Z eHIsNT WS (L « X{E,
1968 ; HMi{E, 1979), & ZTHHIEI L HTEHOBEEMZFEL W &5, T/R LR~
ETHDEWZS, OR2ORDI T/RID 4.31 1, BB hiwp=hron THEW2DHIZ
BERROWHY T/R L 3.27 L3Sl -7z,

4.2, EERICETHEREME

BN T REIEIC D W TIHEM SRR R RBRSRIIT 5 2 e8Ho T
Vw3 (ER, 1965), SHEOERERTY, 1RRAE LIRSFERIZDWT, EEEORETHTH
— R RR I R EBMRORSI T B 2 LR EN, 6), MR TERENL, 2ITH D
i 1 WEL, REOBARER L HFEROBRERRZBEF LI EPRENL, ZOZ
L 13(6), (N30 BES 1 RERIEM &N, KEEWER S 72 D RERL 1B, 1kS
HRT—ETHBILEERLTVS,

1RSI E 1 IRSEHRE X 5125 U7z 2 ¥R~ 4 IRSEEARO RE W —IRE R AR
25 HRT, BboBERRORERLTCH S, 1 ROFERENZOBEBIRRE (ES
S, 1ROFEBRTOENRERISEETERhol, IO LW 2R~ 4 RSBARDAK
IREER S DBEREN—ETREWVI EERL TN S,

COEREPHESIZT 27201 3 BARDRE—D 1 RO 5 FLE§ 2 REPTTER D 1&
I LV 2 AR T, KIITER S 72 V HEROKREVH D L/AS Vb DR L 7 (B
6). KREWEMAELWIZLEDLSTREVHHAR (M6 A) TEIERIERCHEEL
TR, NIVLSEIR (M 6B) TRIFAERBIFEEA LMoz, ZOX D KHE
ROFERIABPTEMOK & SIKFEL ThlahroTe,

BB, TOMAELHEIR (K6 B) IIIRHIEE (KH) »®H N, 0L D BH3E
EEBET MO T b REIFER H 7 v BEE/NS WEAED Shiz (B 5), i
FEZ BT TREORMNLED DI & - THNEREMHENZET 5 (Yoda ef al, 1963 ;
Shinozaki et al., 1964a) Z & L[FIKRIZ, SHEARO—ERHFEFERLHE L7256, SBROHE
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100 : . ;
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Root biomass

2

Xylem basal area (mm

Fig.5  Relationship between xylem basal area of branch root and
biomass. Closed circle was branch root which had dead marks
and open circle was branch root which had no dead mark.

BI5  HEROARERETER & RER & O BRRBMR

BRI T 553 OEIMAEWERIIL LUV, ZORDIMIBREE T 3 58B0
BAARERMER S D ORERIIETHC NS BofcbEZ 6N D,

MR OFE LB L GIEES O & N TE Y (Persson, 1978 ; 1979 ; 1980;
Vogt et al., 1980 ; Grier ef al., 1981 ; Keys and Grier, 1981 ; Santantonio and Hermann,
1985), EIRWBWTHEES (1991) RO 40 Edt / FHRE B TIROEER,
BFE, MIEROFBHELERR TS, o OWE W LT TIRO & &
REFEXMFED B LATON T VB T EWRENTWD, ThbLEESNILMBOSI bDHL
BB LD RbRTEBY, Bol—HMOMBRZI»EXL, KIBANKEELED 2

(Santantonio, 1990), & & ZEKRE Lie KIRO—E THIMBHRAE L 2B VR T &
ZzohTw»3 (fkHE, 1971 ; Santantonio, 1990),

IO &5 HBIROREHTEM—RERBRIE, FEBOREMEBEBICEEL 20
EPHIEE o RHBOBEMNEERPE 2 TwA EEZ LGNS, P UEKRREDHETL
T ERTRESFEFERC SO 2 MIBOEENE WD, 20 XS BHBOBIIEOREH
NEW, ZOTeHIT 1 IRGEAR T ORERM EH I R BRI M SRR R L 72
LEZOHND,

4.3. HEZEHTHO/NA TETFIN

Shinozaki et al. (19642)DHRIE U7z Bl S 4 72 PN T, BPREEOEROER
EENEXZ ZERMEOMERICHEEI L Twd (RE, 1971) o Lh 6, REWER—
BAF BRI, R, EEPUICEDL S FE—OHENRERR RSN tE L5 h B,

7 2 CEEH, @R s v TR—OMHENEREREBERIIT 2 0 e RN T 5 00z, %
NENTHON T —F LB L (7)., B7 A EEo AR, kPO
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BREGREPERCRL:, MPOEKZWGRNTH S, 1 REOHNRERR I EER QRN
BREMETE AR VEF LA oy b 3Rk, FIRE—OHENREREG L
naENT, BEO/4 7' F VR (Shinozaki ef al., 1964a) T3, THETORh L8
D BEUCIEES, BFERO—H AL THARPHERIZEL L 2oz, KRERMTEH
—BFERBERRELT 2 e BHENTw2, SEOHB T TR TOMNAESD BELTT
BY, EERICET2ENEERRIZT CRBMLEEOLDOTHS, Lizhi-> Ttk b
Y BELCTHBRIBZARDOEL 2, EUTuRLEBIRWRE Y EHcFay bahktk
Zzohb,

& 7 Bz TEROMEEM, EENOHERBEFREERTRL L, RPoBERIZG)
TH5, 1RGFRICOVTRER L7y bahiess, f5L7eS8BHRIC DWW TRG)
REVEFARF-TTuy bERESDEbREN o7, TOZ LIBMTEHTY 1 ROGE
BETEASA TEFTUDNEIIL T A Z EERLTWS,

Shinozaki ef al. (1964b)id 10 FEOBAKIZ D W THBOBERESF 2 TN, BRCHEM/ 1 7
EFNDERILT B LREER LTz, %72 Carlson and Harrington (1987)i% Pinus taeda, P,
etinate DFOUIEITER & 1 ROBAROEMIER ST OMBREHRH~N, ZoBfFz1:1
THBLIEPD, N TEFVIERTHHIALL, BOKRER & FRRER 3B B
LTw3 EfEEL. SEES n B OM@E 4 EROHMBEITER & 1 ROSROEIET
EREFOBRIERTEIN, TS PEFVEXRT AR TH S, QRO
BAEOMED 1 L DEFASL, SomMine & & oEiREBmEt & a0 /5 38
WANE e Z ki, —HO 1IRGEARIHEZE, HELLBERLEZDL I ENTE S,

ZDESEHTEHTH /A FEFABHRIL T B Z LRSI, EROHFRI
DT IFHIAROBREIREMTEM—RERBRICRE (T I DI D TN
EETER Y, JOZLRHMTEO/ S, T FVEAREDEAESEROBRERD
HERPZORERBZET VLT 2 L ECREATH 2, MIROFKECHIE L v - k8
HEEBBHTERWI ERRLT WD, ‘

EZAD, RIEEARE Lo CTEERREY V7 O—2TH Y (Santantonio, 1990), ¥
VAT HMEBRE B 2WEEREE2 55 2T, ZOHBER Tk (Lands-
berg, 1986), MITEADENDEE T TMET B384 7T T NI Z RO B
BEELIETFVBLETHS,

il ¥

EWEIY & £ Do TEMPEEREY 80T 0HER, HEEEs »i i
Wiz, IZWRHMOBERLET.,
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Summary

Allometric relation between xylem cross-section area and biomass of each compartment was
studied to reveal dry matter allocation to root system in five years old Sugi (Cryptomeria japonica)
trees.

Different allometric relations were obtained in top and root system among four trees. The constant
coefficients of allometric equotion were different, but relative growth coefficients were nearly same,
and approximated to "1, That fact indicated that relative growth rates in shoot and root system were
same. .

Allometric relations between xylem basal area and biomass of primary shoot and primary branch
root were obtained within a tree. However, secondary or more divided branch root biomass were not
fitted to this allometric relation. Because, this relationship was affected by fine root production and
mortality which were independed on xylem cross-sectional area.

Two allometric relations obtained among trees and within a tree were similar in top and root
system, respectively, and it was concluded a "pipe model” existed not only in top system but also in
root system.

Root biomass could be estimated using the allometric relation, but that relation had no attention
to fine root dynamics, so it could not use for correct dry matter allocation to root system.

Key Words : dry matter allocation, allometry, root system, fine root dynamics, pipe model theory.





