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Studies on the Morphology and Structure of the Tree-crown
in the Old-aged Stand of Sugi (Cryptomeria japonica) (1)
—In Case of 89 Years-old Sugi Stand in Iwate University Forest—
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(Laboratory of Forest Resources)
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Table 1. Stand-structure of study-stand

Stand age (year) 89
Average of d.b.h. (cm) 40.7
Coefficient of variance of d.b.h. (%) 27
Average of tree-height (m) 26.5
Coefficient of variance of tree-height (%) 10
Average tree-height of upper-story trees (m) 30.3
Number of stems per ha 458
Stem volume per ha (m) | 708.8
Relative stem distance (%) 15.4

R, 70y FAOKRKOHH» S EE 8 KDiEHE
KENERD S KBRIIDIH LD I08E - REIL,
e, 2hERE, BEEES L UBENSEEL L
HOEAPERTEMLZ. SLICREERLWS
(1.2m) # EXEIIHRLELBERE* 2m I L OB ICK
GL, FRTLORAEE (BEX+*»&L) L
BHEBEORELXNANT ) BIUOKFEENL YT
To7: MhBEIBEOHERICEBRTHL AL
LEEA L7, B, SBOBEIE, BEISZF0
Boh.LEETe L, SBoERIE AL,

—F, BBLOL—FERDEBIUROY Y IV %
Ry, EZECELE-> TERLITY, ERELER
DHLEELIZFNG R D LIIEBITLDEDL LU
DHEE/REL KD, E512, FEH S EHR %R
LIS RT 21T - 7-. Table 2 ICBIGEEREADE
TERT. &8, SHREOKEREII T L T - KRR
T, SIFDBERIIERARL LTAETHSH Z LA
HBELA0T, BBIUEROSHBLIUERICHE
TLBEDSOBRNLE. U EOKEOEERS &L U8



88 HHEZXZER - A A

Table 2. Tree characteristics of sample-trees 401

Data,/No. of tree 51 8 41 ¥ 11 5 8 —~znl ®Tree Height

. . 530 XHelght t: !'b'ﬂ
Height-class up. up. up. up. mid. mid. low. low. — oliving branches
Diameter (cm) [ 51.0 55.1 49.0 45.3 36.5 32.2 39.1 26.4 <20} ®Crown 1"'9* §
Tree-height (m)|30.7 289 28.1 28.0 25.9 24.8 26.0 24.5 ey *Crown di ""
Diameter of crown (m)| 52 7.1 50 46 42 40 27 22 : 10% o o,
Height to base of 19.2 17.5 18.0 20.0 19.2 195 20.9 mz’ﬁ g @,
Su;l%zcml:m 0 o 215 205 215 22.2 21.2 205 22.5 —'D ' T # .H*t* Y

t to . . . . . , 0 %k

leagmmde c‘;'lggm (m) 0 2 0 60
Height to living- 17.2 15.7 124 178 170 165 175 8.2 Diameter [c m)
branch (m) Fig. 1. Relationship between some tree-characteris-

up.:upper-story
low.:lower-story

mid.:middle-story
%k :not measured
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Fig. 2. Relationship between expanding coefficient
of crown and d. b. h..
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Fig. 3. Relationship between crown surface area
and d.b.h..
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Fig. 4. Vertical distributions of leaf and branch weight.
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Table 3. Standard error of residuals (kg)

\ No. of tree

Function 51 8 41 34 1 5 53 27

Allometricmodel 2,061 1.233 1106 1.272 1.372 0.749 1.015 0.148
Richardsmodd  2.194 1.8%0 1.659 1.687 0.628 1.022 0.981 0.211
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Fig. 5. Comparison between allometric model and
Richards model.

DER»s, AXERMATICBITEAROEEREE
Oz 7S FRITHY, LEEoT7ux by v
JETFNRYF ¥y —XEFLVTEEICBLERENS
ZERbh ol SRIOFIIIEERSD LR L, 85

e ——

- —— g



A F B S OB E#EIc 2w T (1) 91

A=y DB E OV I TICRESL b o720,
NEDEFVERVT, BIEOKESDL L UBERIT
NEHROMARETH A .

(3) EEBIUHELBHERmME BHEREHE,
EEBIEE, 2FEE BHTEEEOBIE
HELSEFRLOBR (—&) &, Fig. 6 IR ¥
91, HEOWMIE b - THEHR ML, £
PTFIYOMEETH 525, Bido Fig. 31ZRL 7%
BAROERE L BERERE S OBGR L I3IZFEEOM
FBERLTWVS, BEICOWVWTYH, HELFENE
B2 HRA, BEIEREBLEOESD &%

WHIIEE L OBMROFFHETH - 7.

I eSurface area of sunny crown *
aTotal leaf welght ]
xSunny crown welght -

X #1201 " e

a
c 60} ]
° 10} . . e

40 60
Diameter(cm)

20

Fig. 6. Relationship between some characteristics
of crown and d.b.h..

4) BEREEH/ ) OEE
BAROBMNBEXEES -V OEEOMHEE
Fig. 7IZR3. 62X HPFKEVLONIZIFLET
130.35 (EEDHBETIE L) 2HLICHHLTEDY,
RESODFRL BT 5L, BB & iRk
DHEOEFNEIFIZHELVETH - 7.

&
€&
~
:.8r
1.8t
e r1.6¢
1t
< 21.2¢f
-]
<2101
> 50.87
S 0.8f o
_lzo." 8n -]
~0.2t e Seo
Uo 0 1 L A 1 Il Il
0 20 40 60

Diameter (cm)

Fig. 7. Relationship between leaf weight per crown
surface area and d.b.h..

(5) BT LofEXEEsd/-h0EE

BES YOI XX, REkod - TRAS
SUEBORAKRDEGE, WHRMEND - & bEMNK
X, RO OHMNBIZLAo TS BT L
BHLMIIERTWS., LI 2%, 4SEOEBKS
TORBRICI T, B EEINNEL, HiE»S
BENDIZ L7205 THEANKELS R->THEY, EED
FESH/NY - EFUERTH - 7. THIZRESE
DEBESHICBITHRKMES, BREOEEMKDFE
HAB X UIREAEF - TRAROES IZMHMTNE
2RTHHNDIZL LXRT, SO IBEAMEDS
BEREOIEBILNHFETL-OTHY, Zhizs-
T, BTLoOBMERTED - Y ODEEDEE /S —
VICERFTADOLNILDEEZLNS., TOHIC
LT, SHICEBHONENLETHS.

(6) BIEB L UVEEREOEAKEDE
PEOEZEBIUBEIINTA2EHEER (54
M) #RL7-bDHFig. 8L 9Ths. BHE, #
EEHHBAMEV 00, EFEEIPHFTOKRE s

T e,
*~ Rge
§e7 o1l
P x34
e 5
c Ll
_.l.ns x
=34 '% x
Se
=-3 [} x X °
¢ 2 x X% 6o e +*
o
1t * ., 0++ + + O+
0 e e 4 e 1
0 20 40 60

Diameter (cm)

Fig. 8. Periodic change of periodic increment of

d.b.h..

S¢

e [] Rge

gl o o1

:: x34

5 BT

- X

N2} L] .

ﬁ‘f e x XX [ 4 +

- L L 4

£ ! X x o }#-’- +
0 A s L 2 A 1
0 10 20 30

Tree helght (m)

Fig. 9. Periodic change of periodic increment of
tree-height. :



92 HHE_ER -

a# oA

L CHEHMRBERIZD NS, HEIiZE -7 (HE
HRHLNT, HBLEREOREDN /S Y — RV
MEHBZEL TR L > TWVAE I LIHEIDLNT.
(7) BHIEOEESA LBRE/ Y — » OBFR
Fig.10£11ic, M@ AROBEE L HEEDOKE
EEOREFHERT. RRH)OBEI20EADE
TREDLNEDT, ZCTREFOEEBOL WS
DEIZoWTEET 3,

9, BEEOHEII, M4EEAT TRREL LT
22— FEDTHD LRI TORELEREAYTRT 2

T 10

E g lower-story Age
:':8 L [N0.27) ________ 14
257 | —— 3
-—-;6 5 ~ emmacee= 54
:es - /r' ‘\‘ 74
—-E‘ e’ “\‘

e3¢t Y

2 2 ¢F ;

0 | i 1 1\_1\1,,,L,l~l.1

0.2 3.2 7.2 11.2 15.2 19.2 23.2 27.2 31.2
Helght (m)

T 10

E g9} mtﬁdl;;lstory Rge

soep (Nolll . 1

257t

_.;6 =

+n 5 ¢

il |

£l 3

° 2

a
0 Y 1 L el
0.2 3.2 7.2 11.2 15.2 19.2 23.2 27.2 31.2

Helght (m)

E 10r upper-story

€ 9 ¢ Rge

s~ g [\ (No.®) 0

257 1

- o 5 $

5

2% 8

£S 3

2 2

S |
0 [ Y W N N T S | L L 11 [ |
0.2 3.2 7.2 11.2 15.2 18.2 23.2 27.2 31.2

Helght (m)
Fig. 10. Vertical distributions of periodic diameter

increment.

DO L D, T, MEUETE, WE»S
R A > THEINT 2 BBy — L 2 B
LTw5,

—7, WEEDOHEIE, 24FE4EF CIINE* TES
ETA=ZARKEZEL, FhULOERTIE, MK
PORTEHE TCOERIEMT 2HFEETE»S
MEE CoORMRBL, —EF - RBEMENOWTH
POREERTEI> D200 5004 b. K
ROFEENY — V22T VEE T HHEI0E, F—
RS Y —  OBAEY, WEEOBE KT

“w
[
¢ 500
[ ]
>»
< 400
™
3
: 300
- -
¢ ©
_ 2200
P
“ 5 100
@ c
= 0 yi L 4. i
0.2 3.2 2.2 11.2 15.2 18.2 23.2 27.2 31.2
Helght (m)
e
o 500
° middle-story
o (No.11) Aoe
< 400 . ST
€ 1 |
¢~ 300 cemeeee 54
- - 724
6 cC
L J
— €
PR
w =
o ©
o c
- 0 1 1 | a9 SO | 1 1 L 1 1 1 1 1
0.2 3.2 7.2 11.2 15.2 18.2 23.2 27.2 31.2
Helght (m)
"
f 5
eS0T lower-story
> o Age
w00 (No.272) | 1
% - —_—
¢ 300 ememeeee 54
®
- 5 74
e c
. -
_ 2200
¢ o [~
w -
100
S e :§
0

0.2 3.2 7.2 11.2 15.2 18.2 23.2 27.2 31.2
Helght (m)

Fig. 11. Vertical distributions of periodic basal
area increment.



2 ¥Rk s oM ERE Iz o T (1) 93

BLIITHIELTWAZ E, BT BRI AR
REVSEEERD LU ERER L BFELBEIH S
i, BEZCHBREELEREER R L UBERERE
CHBELBRCHHEI L, EUISL STEFIVET
BHEE L BMERER L OBEFHLAIIERTY
5ZkEh, HBICETAHEENOHBEREEB &
C2+OERERSYHE—ICERTEAMEREICELS
EFNMEPBVWEHICEDbNRS.

(8) MEREELHTEDOELR
IhEToOfRET, EERELMBEREDOREBEIE
W EHMIBENTWE, —F, AECEE LA
f%@ﬁ#ﬁﬁ@ﬁ%é&é EHRENIZDT,
HREEEELHIEE L OBFRB L UBEXRERE L D
BRICOWTRT L 7288 % Fig. 1212573, &3
12, HuhEABERSEO LR, HEREER LB
Bl oVWToOBEZBREIE® LK TOIHL LT
»H5b.

0.30
"; 0.25
'o—\
£e0.20
L g o
© 50.15¢ o
_>
wn L]
o~ 0.101
ET L]
€
2—o0.05 o
o m
> 0.00 A S WO | 1 1 A i n " i
0 40 80 120 160 200

Crown surface area(m2)

o
.

N
(3]

o o

. .
~
o
™

e lncrement

Syears)

o— U.Osr ]
>

4 8 12 16 20
Actual crown Volume (m3)

Fig. 12. Relationship between stem-volume incre-
ment and some crown-characteristics.

3. BEMNLGHBERCEENLERE OBR
MARDE FTITo 72, HEOTREN AL (B
EERE, SEAREL LY BoRE) K%

T%bZLTT.%ﬁﬂ%WEu,mﬁﬂﬁiﬂﬁ

KEDEH S LITIF—H LTS, —F, GZBRERED
RAMEI, BHENEMEh EA%0 ELH& HLTH
D, UARRETIHEEIATETHS. R0 L)
W2, BERKR LHRERKR & SRR/ 2 AL
BIlloTELZLDT, MARECTHETEE 2R
M2 EERFERMN L EEEE L TSI L
TBELT, EBOFIHICH > TRTFHEELLY
EThrO.

b ¥

INFITOFWT, AFXOIEE BB LERTDE
ETHHRRMLZEEEE D S KD b 2 8EREHE
A, ERMLEXRL-LZTEERSICEEICERL
TWABIENHLIIZE 7. —F, HEELRE
DRREIARBIC2» P DLOSTEETHLI L bbro
2. XoT, MO AR BEARS X UG R
TOBBEOGIHTH Y, BRHARTOREDL 1
SOMBEEOHBEFENEELICH S LEZ LA,
ZOHIEEED L EREPRIARIE R L 2\,

AN ERIIEENICKRRKOBRE & B:E
MdHoHH, EROBERTIIIREICRFIFTET,
FoREBL L TRENLZBERT b LEHERER
ZoFAPEZ LND. SRIOFHITTHHEKRKELAD
BEXERIEELEFEL2BRIIHL LML, E
BRI IIEERLIEEL LR ZEZON D,
e zid, BREIBEORFIEETHLI L, b,
I TOMBRERT ZIEARBERCTL T,
MtkofgiE L L CE (EmCIBERmMA) (26
HOFEWEERLFET S, T 2bbLEEMEENE
Zohb, THIKRSEEOEEAFHICHT S, H
BHRAROEEEGIT*ETETRLIDOTERES
hé iTHid, HEMNZBEREOHIE TH D, #H

BB L UNRBEOBRE I HERTOPLIILAS.
it,ﬁﬂiﬁ% HEREEOMKTEED) X, A
HNh oD A HEEKRTLONOTH), KRBED
FIBEIC D ECEBRLTVS, Z0L)IIKKOKE
EHRHBEORIEOM A % FEICHET 5 2 L A5
BETHLIBEED L UHERICER L oHidkigi o
N2 THA.

L7255 T, %ISR EBERICE T 58] 54K
TEOHE, EROBERELREES L UHBOE
BEHHE/ Sy — v OBRRE, S5ICKER LKA
HREE DRARIRAT (B AR 25 &K X475 LEDS
5.



94 HHE AR -

aH# 8l

= o)

AFEIZ X XEHARTOBBOREL L %%
BHohilTaZLdHBMELTWS., 401, BF
KEBREERO X FOFELE DR ICHE L HTIC
DVWTENZITo7BR, RO EFBELIIZE -
7o B, REIEZFELHEHEOEAFE (Tablel),
B EERS L #IEEEOEAKAIE, B & UE#E
RKEADEKBEIZIABILOEBERBLAREOERE
€ (Table2) %47~ 7-.

1. BERLHES, BIUEERLBHEEREOM
FIZEIER 0| £ 1212% LV I ERE» S
ARzl HERIZIZER Do sNn: (Fig. D).

2. BHEIRAKE, EEOHMME L HITKEL
ZAHEMPROOLN, THEITORELRL -7
(Fig. 2).

3. ERELBERABOBRIIBEOZFNI VA
BAEL, ChETOFHERLFALTH - 7 (Fig. 3).

4. BLBROEESMAHKNIZ, BEERKOET 518
BRI EVWAD S (Fig. 4).

5. MmO DOERELBEEEORERICT O X b
Vo Z2EFNE)FY—XEFNEHTIIDOELR,
EBDICFEFICL (#EB L7 (Table3, Fig.5).

6. HEL WL O»OBETER (B#ERmEME,
EEEBIUBHEROREE) OMOBEMKRIZ, EHE
EHERAROMBMBRLFEBICERNTH - /2
(Fig. 6).

7. BECHTAIHEREES - ) 0EEIZIZIZ
—E T, BHRKSB L CIREKRO PR LB R
L CME (3.5kg/nf) THo7: (Fig.T).

8. EELEBEIEHHRER (54H) oREE
ftokFid, ERRPB*ELTREZ-o TV
(Fig. 8, 9).

9. ERLNHROENREROEES M % LB
L (Fig.10, 11), WEFEOEE/ XY — ¥ OH K

REFIVOBEIREN IV EATD LN,

10. FEICEBKZSEOKTTH, BERmEL
BHERREOBICERN 2EEIEEL TS
LAED 5N (Fig. 12).

DEdRS, FEBCRBBERTTH-TH, HiED
BRELUCHEIEERD L ) 2EBNLERLE
BLEBEPEEL, SOLUUBETERIRERICLERE
RBERYPHFET LI ENS, BELEBIIL KD
DIEERSOIERA TR TH B L EZ bR

51 B X ®

1) T B HAKRKOMEICRZTIHEBEREEOLE.
AR R B EE PP8L, (1991)

2) HEAHE  BABMOBEEFRIIDLLEIL P FTYD
AEREFV (). HABFER, 334, 1-20 (1985)

3) BAR . : 7uA Y v JEFATRENIHATE
BoEESM. HARILSEE, 42, 108-109 (1990)

4) Hashimoto. R:Analysis of the morphology and
structure of crowns in a young sugi(Cryptomeria
Japonica) stand. Tree Physiology, 6, 119-134
(1990)

5) ANIHEM - KBBE— : Richards £EMEAMICE 2 A ¥
HoARoAE R, 96 HARGR, 113-116 (1985)

6) RE®WIL - BAZR - IUF R - BEHL  HEE
SHREMRAOS - TRICH 2 A FOBEHERERE I
Wy AEEEREOH. HAREE, 71, 460-463 (1989)

7) BRIERRGA - BEAER - IUEF R - BEHL  BHREE
SHEREHRADZAFIIB T 2 BHERE L BMERE
BoEERAS L OB HAREE, 72, 163-165 (1990)

8) Ruark,G. A.,G. L. MartinanddJ. G. Bockheim :
Comparison of constant and variable allometric
ratios for estimating populus tremuloides biomass.
Forest Science, 33 (2), 294-300 (1987)

9) HFHEZH - AH A A X BT OB EHEEIC
2nWT, RIEBRFE, 19, 29-33 (1991)



A FEGKS OB EREIC oW T (1) 95

Summary

The clarification of morphology and structure of the tree-crown in a of old-aged Sugi (Cryptomeria
Jjaponica) was aimed at this study.

Here, an analytic research was carried out on the 89-years-old Sugi-stand in the Iwate University
Forest. The stand-structure of the study-stand was described in Table 1. In this stand, a square plot of
0.12 ha was established, and in this plot were conducted all the measurement of d.b.h. and tree-height,
including the measurement of crown-characteristics of the half trees. Moreover, in this study-plot,
eight sample-trees were selected out of all the stories and felled for the direct analyses of foliage,
branch and stem. As shown in Table 2, the crown-characteristics were measured, and the fresh-weight
measurements were conducted on leaf and the branch which was 2-meters high from the ground to the
tree-top.

As shown in Fig.1, the relationship between tree-height and d.b.h., and that between the height to
living branch and d.b.h. were noted to be the same as those observable in the previous studies. As
shown in Fig.2, the value of the expanding coefficient of crown becomes larger as the diameter-class
gets bigger. As shown in Fig.3, the linear relationship between the crown surface-area and d.b.h.is
closer than that between the former and the tree-height, which was the same as in the previous studies.

As shown in Fig.4, in the vertical distributions of foliage and of the branch, the difference was
noted to be brought about in accordance with the variety in the height-class to which the sample-tree
belonged. As shown in Table 3 and Fig.5, in ascertaining the relationship between the distance from the
tree-top and the accumulated leaf-weights a quite excellent fitness was noted in the tried application
of the two sorts of statistical model, namely, the allometric model (equation2) and the Richards
model (equation4).

As shown in Fig.6, between d.b.h. and the crown-characteristics like surface-area of sunny crown,
total leaf-weight and sunny crown-weight, a linear relationhip was to be denoted in a form of the
relationship between d.b.h. the crown-surface area. As shown in Fig.7, the relationship between d.b.h.
and the leaf-weight per crown-surface area was fixed to be approximately constant, and regared to be
same as the results obtained in the even-aged stand-tree and in the tree noted the upper-than-middle
story in the selection forest by Kajihara (1989).

In Fig.8 and Fig.9, periodic changes of periodic increment (5 years) of d.b.h. and tree-height are de-
noted respectively. The different increment pattern between d.b.h. and tree-height is recognized through
the whole growth period of sample-trees.

As shown in Fig.10 and Fig.11, after comparing the vertical distribution of the periodical growth-
figure both in d.b.h. and in the basal area, it was ascertained that, that of the latter denotes more
systematic pattern, and is fitter in fixing the growth-model of the tree.

As shown in Fig.12, even in this case of the quite old-aged Sugi stand, between the actual stem-
volume increment and the crown-surface area,and the actual crown-volume, there exists a linear
relationship.

In short, as described above, it was assumed that even in case of the quite old-aged Sugi stand,
there exists a close relationship between such morphological factor as crown-surface area, and such
ecologic factors as leaf-weight and others as well as between the crown-volume and tree growth-rate.

Therefor it was supported that some artificial stand-controls like thinning and pruning might be
regarded as significant as the control by crown in the whole stand as well as in a single tree.



