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Studies on the Growth of Sugi (Cryptomeria japonica D. Don)
Stand Planted in Clumps

Tatsuro YURUKI
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(R dUTr2— L, BT R ONTEFEHE T2 BEEAOREERICL DS
AwEY, RBCHELFAERNEETAHAERBCBIT LTS, ZOBELFCHE T
THEHROERE HIGE, RARKRIE UTATHR YL 0 £ BKIcE L VEES 2
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BERBOARBITL, 3, 4, 6KEL, 3, 4, 6AMEER L4MOMELICESSA
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HOEEBIL Fig. 1 KRTEBLTHB,
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Fig. 1. Arrengement of clumps
Table 1, Number of planted trees
Number of trees
. per clump 1 3 4 6 Total
Plot
A 18 (18) 39 (13) 84 (2D 132 (22) 273 (74
B 30 (30) 78 (26) 124 (31) 180 (30) ‘ 412 (117)
C | 20 20) 60 (20) 56 (14) | 90 (15) { 226 ( 69)

( ) : Number of clumps

Table 2 BHEI1SY YV OEREOEYEEREET DD TH3, AR & CX 1212
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BELOHEHET THOLEFEETH DM, B 3 HFEREMN A, CK OXFLTFThiz
DCATNBETEDNbhb, EHHEER TIZA 5.83m, B 3.99m, C 5.98m & 713,

Table 2. Area per clump

Plot Area Number of clumps Area per clump
A 5 2516m? ; 74 : 34.00m?
B ‘ 1868 ; 117 | 15.96
i H [
C ; 2468 69 ‘ 35.76

DX, BABKT AHAMAEOEROERAYE L HD) Table 3 TH S,

Table 3. Distance to adjacent tree
Number of trees | |
\ per clump l 3 ‘ 4 6
Plot — ] . o o

T cm cm cm

A 180. 39 106. 01 79.56

B 125.51 109. 15 77.01

C 129. 44 ] 107.74 88.03
 Plan 121.00 \ 99.00 70.00

3XE BT NTEEMEL VBB SIEL 18- T, COMEIEHRMETH IR
A O/NF Yy B8R LN, FHETRER 140cm ONEECEMTEFETH > D
H, 3AMEE 4K TIIEE 145~154cm O Eic, 6 KTt 154~160cm DM E L
KR I T,

4. REOFHE

19774E11A H S 12A R I T ARHEE (WE - TE - 70 —%E cBR® (W& 1.2m,

BRIt 0.1m) J kEIFEE (BIiTR - HEORE) 2B, BEOMERT VT
A L_MICED, BETERREOREAE, 70— RIIAMIOREKEREZRERIC X H
FE L. ERZEORLHFEICERYT S HAEHE Lk,

5 BEER

Photo. 1. [ZHAIEOILN A KOEBFREZR LD TH 2D, KA TIHED AN
&SN L > TR2ONBDHE . SMIDHSERICRIZLAEHNEDBAHZ T,



Photo, 1. (1) Clump of 1 free 2) C

lump of 3 trees
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5) /ccentric cr0wn ump of V3wtr‘eés (6) Eccentr{c crown Clump of 6 trees

1) EFZ£

COBEERBMIZBEZIC X > T—8HrE 2> 3 T34, Table 4 ICF D cAEEKI
COWELEI T TOIROVELISEERTH 5,

1 A I AR AKOSED S B, EAIC2AMBHELTNEDATH -7, BT 1A

Table 4, Survival rate

Number of trees per clump 1 3 4 l 6
Number of planted trees (N-P) 18 39 84 132
A Number of survival (N-S) 18 37 80 121
Survival rate (%) 100. 00 94,87 | 95.23 91.67

N.P 30 78 124 180

B N.S ‘ 29 71 111 137
% 1 96. 67 91.03 89.52 76. 11

N.P 20 60 56 90

C N-S 19 58 ! 52 79
% ; 95. 00 96. 67 ! 92.86 87.78

N-P 68 177 L 264 L am

Total N-S 66 166 ‘ 243 337
% 97.06 93.79 92.05 83.83
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BB T2 LHBOEANR - TEY, EIC6ABTEL, AERINLVIEL
BT d, oy MEATHE T2 LEBEOKR B KOMBOEEBE O, COE
ARERESHTREEBIEARRLINS,
DEICHBERERRINCE L /z0hs, Table 5 TH3,

Table 5. Item of damages

Number of trees per clump 1 3 4 i 6 [ Total
Breaking ! 1 3 1 16 | 21
Falling ! ' 1 I 2
Bending ‘ ‘ : 3 15 | 18
(Sum) S m® ) G» | @
Suppressed 1 | 1
Unknown 1 | 8 16 32 57
Total x| n 2 6 99
Number of planted trees 68 17 264 | 402 911
Percentage of damaged trees 294 | 6.21 7.95 . 16.17 ‘ 10. 87

ZoDbiE, AR, Y IIEENICRIISE2HOBREICL - THLLLDTH 3,
REREFETTI TICEEBEBE LT LI VREOEB GO DERFAE L, 2015
BEERADBBEDOREICASEBELEZ T RNECANL AT, HEBOBNELICH
BLdDEEZLND, HEQLT, A - BR -V OFREIEETH - T, T
DEBLEZONZBDOR1IEERIETI TS ko £ THEEAZT ZHENO R ARITHE
HAMDP S CORPEAEZEF N LDEEZ TEEOREERL T LHELE Table 6D LS
5,

Table 6. Snow damaged trees

Number of trees per clump 1 3 4 6
Number of standing trees 67 169 248 370
Number of snow damaged trees 1 3 5 32
% 1.49 1.78 2.02 8.65

6 A THEEOREVBEDLD TEERTHEL N B, Try FRICT DEEDSRE

Table 7. Snow damaged trees by plot

Number of trees per clump ‘ 1 ! 3 4 ' 6 J Total
Number of standing trees (N-S) 18 1 37 81 121 {257
Number of damaged trees (N-D) 0 I 0 1 0 ‘ 1
N-S S I 114 166 383
B N.D ‘ 1 ‘ 2| 3 28 34
N.S T 59 53 83 [ 214
c N-D ‘ 0 1 1 4 | 6
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Bk BlzDps Table 7 TH3, A, C RIEIEFBBEVHRTDH L HERKRIDEL,
BRIZEMBBEEHI LT, BEORET A, CREELLELDDTEHETH
50 UMTHO6ARHEMBZFDIBEAEEZHED TS,

DEFRAEIFTNIBETHE L&D Table 8 TH 5B,

Table 8, Height of breaking

]

Height (m) 0. 1~0.50.6~1.01.1~l.51.6~2.02.l~2.5;2.6~3.0}3.l~3.5:3.6~4.0 Total

|
W& 1 | R
Ny | :
5835 3 1 1 1 3
BEG
Euwy, 4 | 1
=50 ; , . ;
78 | 2 6 3 3 2 16
Total 1 4 | 8 3 3 2 21

FNEIR 0.2m THNA3AXED 1 AEZDEFNTIRITRT LMY LEOFEEITHIATE
D, 2.1~2.5m OWRLTHNI S DOBE Mo Teo EK WK 6K THNEMNB OB T TE
> THBDOBHFENTH - T,

BELCID2E5—2OWETHIMDEEEOE/RL I - TE LDDH Table 9 T
Hb, CDFETIE Table 5 TAURE LT 2K 90° ofhih & LTEEDH TS,
HOWERL, 3XRBEICRIREONT, 4AREIC6ARHICESRELTNEN, £0ES
DEAIL 21~50° DEHDO b DMBREZEDTINE, LTATINLOH|ERESLD L&,
BoARMicBhc b olRIZEAEREL, KBS THALD, 3003 -
Td, CHEEERTEIEESAMCDEAAMNCZ L EVWIBBORO BEELTH
BEEZB,

Table 9, Bending trees

Bencing angle | 10 | 1120 | 21~30° | 31~40° | 41~50°| 51~60° | 61~70°| (90) | Total
e ‘ | ‘ ‘
L SE
O == 3 ; ; , ;
L+ O it :
Egy ¢ ! 2 1 } W 4
Z = 6 2 R ‘l 3 2 5 11 ‘ 1 | 16
I
Total 2 ! 1 ’ 5 l 2 6 1 1@ 20

INFTTHOMC L XD I ORESEHMIERIBOMKIEPESICE - T 10.87%
(Table 5) OEEMBKIES L RWEEZF TN, ZHBEOBRICEDL I KEE
LT aEdhEstcDd Table 10 THb, T2 TREAEDHI > THREEZZFTORVEL
SEB L Lic, 24KTI 73.46% D582 HTH A0, BAMSEIEIEETL, &<
B 6K TIE 23.33% L&D TENWEERLK, TROLL6ARETIE oy b
LT 40% 25 80% HOEBEOKDLILNRELETHE LI b, BRD6A
HTREZLAENBE (- TBDIT Table 7 THRULILLSICEEMNC O 6 KificgEdh L
TRE (SREBD68%) LTWElthtEIOND,



Table 10, Complete clumps

Number of trees per clump f 1 3 J 4 6 Total

Number of clumps (N-C) T 13 2 2 o

A Number of complete clump (N-CC) 18 11 18 13 © 60
% 100 84.62 85.71 ] 59.09 | 81.08

— i - |

N.C 30 1 26 31 30 117

B N-.CC 29 120 21 7 77
% 96.67 | 76.92 67.74 23.33 65. 81

N-C 20 20 14 15 69

C N-CC 19 . 18 10 7 54
% 95.00 90.00 | 71.43 46.67 . 718.26

N.C 68 59 66 67 1 260

Total N.C © 66 i 49 9 21 | 191
% . 97.06 83.05 74.24 40. 30 l 73.46

2) BXREE

MBEZRZREKEFEERCOITE LD Table 11 TH3, COBMTELR
BEABDH - TWEHETH 2, TEMBARTIRNTHELTHZ 1D, 2ORBERIZE
ERAELHOBERLTOS EHEAOND, RERTYERELRTHELETEE, A
KD 4AKBEEBROTROTNSRELBOFBAEL, 44K, 6 ABOREZLRZZN
FNFEARO IAM, 4KMICIHT 5 NEERERL TS, £C5T B KO 6K
BARSELEAMEOBIE I b1 ->TOBH, CHICREEORENAE CBEE LTINS E
RS HTHB, Fig. 23 DLHORE S WHEEEOBEEL O THE. COH
EAMIE B KD 6RMARD LD TH B2, TEKD S b0 BEEDNS VBRI
£ HoNB. —HFIHBERAOEKIZISME2 AOEERABOBEREEZL ONLELZD
FERLCOBR0, NIDEEHNT2C LT TH B, BERERD L RERA
(19754 2 § ~19774E118) & TOMBEEO MBI WBIFR XD 6 AT 4~ Scm
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Fig. 2. Frequency distribution of D.B.H. in clumps of 6 trees



Table 11. D. B. H.

Sound trees

i I i
Num- Num-! Comcpﬁleéep ‘Num- Num [Incomglll;a::p Num. Num-| Total
ber; ber, p B H. | ber. ber D. ! ber. ber p B H
of of © Temy | of of | (cm pof of | Temy
clumps | trees 1?unﬁm%"°1umps trees | surﬁTrriean'dumpsi trees im
A ‘ o | 18 | 341.4] 18.97
() B % | |29 [613.8 2117
| v I 19 | 442.1) 23.27
A 11 33 1508.7, 15.421 2 4 64.0?16.00J 13 37 | 572.7| 15.48
3) B 20 60 |835.8 13.93 6 11 | 187.4/ 1704 26 71 1023.2 14.41
C 18 54 [1033.5 19.14] 2 4 83.0’20.75{ 20 58 11116.5 19.25
A 18 72 | 795.9| 11.05 3 8 | 86.0/10.76) 21 80 | 881.9| 11.02
4) B 21 84 |1139.8 13.57, 10 27 1 411.6 15.24[ 31 | 111 |1551.4] 13.98
C 10 40 | 692.1 17.30‘ 4 12 | 248.0 20.67i 14 52 | 940.1| 18.08
A 13 78 | 763.8 9.790 9 43 | 464.5 10,81 22 | 121 |1228.8] 10.16
(6) B 7 42 | 461.2 10.98 23 95 11293.2) 13.61] 30 | 137 |1754.4| 12.81
C 7 42 15903 14.05/ 8 37 | 608.4) 16.44] 15 79 11198.7| 15.17
| | !
Damaged trees
Nurgér Bending Nunl;eri Falling Nué’;’r Breaking Nubrré-r Suppressed
tl%fes sum } mean LI%fes , sumy‘ meﬂ tr%gs Sum | mean 1'1'062‘5 sum | mean
A | ! 4
() B ; 1 {12 0] 12.00
; 1
A .
3) B 1 ] 2 | 17.88.90
C z \ 1 |15.4[15.40
Al 1| 40 40 |
4 B 2 | 21.4 |10.70 | 1 | 8.4/8.40
C 1 19.2 | 19.20
A | |
(6) B 14 |111.8 | 7.99 1| 42 { 4200 13 [142.2110.94| 1 | 4.04.00
C 1 6.3 | 6.30 | [ 3| 30.1(10.03

(1)~(6) : Number of trees per clump

CEEFEINZ D, BERELKROERESHOE— FRIONLD 2EEBEILEEILD
S EEZOND, Lo THEOHER ZDOE— FERLE LTORRKEWEEKICS
KFEELEBEINS,
CDOXINFEZTERDZEFENUTOEKIKREELTEY, 20RHTEHYD
BEIIDVHCERDOSDICREL TS, COXIRHEEROSHIIHREL LTEEKR
OYHEEZEHD, ISICHAICKS D -HOBNWEIZABEOBINC & » TRERADEER
RETECLILBDELRZ B,
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SEHEEROLEHOIELEFRIMTAH7-ON Table 12 ThH 5, HOXKMNE 4 &
EHEBIBMLTV S, 6 XBICOVWTZORELEOEHREMAE () TRLTWVES
2, B, C RIZAKDHI-» TOBERELBITL 5B EEFHRIPNI LT B,

Tab, 12, Coefficient of variation of D. B. H. (%)
Number of |
trees per clump | 5 ! ? Ig 4 ,g,!,#, 6 )
I
A ! 17.97 24.55 & 26.41 : 28.52
! (31.30)
B | 17.51 25.09 26.25 : 31.66
' : (25.48)
C | 22.02 21.56 26.75 26.45
i | (20. 06)

0.1

Fig. 3.

cm?

1000}
800 }
600 [-

400+

Basal area

200}

0.2

N : Number of trees
per clump

0.3 0.4 05

I/N

per clump

® per clump

L J
[ J
(o]
O per trees
°© o
1 3 4 6

Number of trees per clump

Fig. 4.

Relation between diameter and trees

BAMEIMESEREOBREESLZ 1D
T IRR ED 4 F i REEZREE 2
aghic 1I/N A 2 & - THIDBs
Fig. 3 Thd, EARMSETEIRNEE
FEREHCETL, £ Fh&REI
BlrOEREREBRONGE, BALERR
HAUBEUROUABECREEINDS &
Wbhh a5, BRERBICOWTHREUERSR
MBHBENZB,

BELUToBXERLEHERTL
# Lo Fig. 4 TH3, CORTH
5L B, CRD6AXMEIR4AMEEIZIZA
UHEETHY, BERBEOEMICK 38
AEOBEMITEITbOREBICHBZ L EX
%,

B C
°
°
® ®
° o]
° »
© o o o)
1 3 ¢ 6 13 4 6

Relation between basal area and trees per clump
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B o ERZ0aEREE (Fig. 8) TbhhdLORK HEOHHMBRE» T3,
COTEMPBREEEBELTHANE > HhE LS NTHI, Photo. 2. T1 AR, 6K
HMEBIBFENTEWAEA LTNAZ EBbm» b, Table 13 13 1.2m & 2.2m KB
ZAXZFOORKEELZREORLFAAOEFEE1 L L THELLEDTH S, 1 A4
DIBARHEO LAOEEE 1 & Lic, XEOESILHSHTHIFLIFIBYTH S, L
728> T No. 3 DFAMKEDRESZWBMICHY T2, COBRIPLLTH, BHER
DS L LB OB AERICEEBR TSRO EEZRSNT, FEEIBAERCE
EAEEBAETZ TN EDDN5,

Photo, 2. Diameter growth

Table 13, Radius increment radius—1 as 1
(H* 3 ) ©)

_Tre¢eNo. v 2 1 2 1 2 3
at the 1.2m height

1k 1 1 1 1 1 1 1 1

2 0.86 0.88 1.01 0.86 1.14 0.92 0.92 0.94

3 0.85 0.79 1.17 0.90 1.40 1.03 0.99 0.99

4 0.90 1.11 1.36 1.00 1.32 0.99 0.95 0.93
at the 2.2m height

1 1 1 1 1 1 1 1 1

2 0.90 0.95 1.10 0.96 1.11 1.01 1.04 0.94

3 0.94 0.95 1.06 0.98 1.25 1.07 1.05 1.02

4 1.00 1.06 1.13 1.11 1.13 1.00 1.07 1.04

#* (1)~(6) : Number of trees per clump 2
** ]~~4 ' Radius No. — outside 3—| 1 inside
4
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Tabel 14, D, B. H. & H. 3 HEER
Number of 1y gy o H.om EHREEEICHT S REE BRI
A 18 1 1897 | goy LAEEHMMORDEL, Table 14
(1 B 29 217 1Ls0  £5ICHB. COBMBERAKE OBET
c 19 2327 1140 %7z0s, Fig. 5THB. MTHOAEL
A 33 15.42 J 8.50 DICRIE I REABICER T ER LI
3 B 60 13.93 968 z—ELT3, B, CKIZIEZE LHE
C s a4 1080 g Tz, AR B, CKIC< 5
A HﬁS] 6.65 L —mOMEMIZIR- 2D LT, B
@ B] . BT L1005 e a0 bhE D, CON
C‘ 0 ; ”30} 0T a5 B C RiEEE LT A K
CAD B 0T T30 e R EDBMAE T B E £
(6) B 1 42 i 10.98 | 10. 30 2z
cC | @ | 10s ‘ 10.35 °
(1)~(6) : Number of trees per clump
N 4 %k
30 BH O BERERD TR L
TR (Ha/D.B.H.n x100) % & o T
20 H1zD%5 Fig. 6 Thd, ©C TIIBR
E BhRZiEEL AR & CX 3—DIc
2 5 TLOTWDE, TNTHB EEERO®
10—o% M B L BRRES A CREDLHEDE
o O LEREAERLTOS, Erakic]
(o] SERTEHFARDS B AT ZDFRE
; BEDDTHE - T B, —HHFEA
0.1 0.2 0;£4Q5 1 oBREG BN AR S 12125

LULAEER LTS B, < DFEARD
R IEROETH S, ERLOR
MM REF BT ARTH 2 L E5ESR
EROFIRIZ 7.0~15.6, g 12.7
WERLOMNEHESINS, Lizhis
TIHROYES LRI HBHEREOBOEKICE L EEZ NS,

N : Number of trees
per clump
Fig, 5. Relation between Height
and trees per clump

5 HEEE

EH O FEERIIBHEONENC Photo. 1. @ (5), (6) TRLND XS ICHREDHED
BN EOBROND, FLARIC OV TH FEARSED KA & AN b TR~ 5 8 2
Table 15 TH 5, WHIOHMN LD IZABED 40% DI EICGELTEYD, BOAMMBE {13
5IMh ED bEL BEEANALND,
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150
“Long clump spacing, “Short clump spacing  x
Sound tree [e]
bending X i
Damaged tree{
breaking ® X
X
X x®
100 N %
o e %x g
[o}
3 g y § @
9 % ° ° ?
o 8
50 % % & g 8
1 3 4 6 1 3 4 6
Number of trees per clump
Fig. 6. Form quotient (Height/D.B.H.)
Table 15, Clear length
Number of trees
per clump 1 l 3 4 l 6
H 8.90m 8.55m 6.65m | 7.40
. < 3,90 3.00 ' 3.41
A Inside 0.7 @56 5.1) | (46.1)
. : 8.7 | 0.88 0.89 ‘ 11.2
Outside | C0.3) B34 | asD
H 11.50 10. 00 i 10. 30 ‘ 11.10
. | 4,31 ‘ 5.40 ‘ 5.01
B Inside 091 @D G2.4) | @D
. i (1.9) ‘ 1. 12 1.82 ‘ 1.84
Outside | o oaky @ 389
H 140 | 1088 | 1Ls50 | 108
. | ; 5.28 i 5.69 ‘ 6.14
c Inside | 073 (48.7) 1 (9.5) ! (56.6)
, i (6.4) 1 0.82 ! 0.90 | 1.05
Outside ‘ e | a® | O

i |

( ) : Clear length/Hx 100

Table 16 IZEHBEAEBMBTORNEACZF L TLONEERTH S,
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Table 16, Number of branches

! C]our{gptrfe Clump of 3 trees ; Clump of 4 trees
1 ‘ 2 ! 1 [ 2
—_— —_—— ——m, [ B
Part Up Down In Out | In Out | In Out | In Out
Number of branches | 77 95 41 63 45 65 | 53 79 ‘ 40 62
Weight of branches 155% |

17.36/ 3.05 19.14/ 3.26 13.05 2.84 16.02/ 1.77 8.33
Weight per a branch |

kg |
0. 1969 0. 1827}0. 0744 0.3038/0. 0724 0. 2008;0' 0536 0.2027)0. 0443 0. 1344

Clump of 6 trees
1 i 2 3
— s —— e,
In Out In Out | In Out

27 56 48 64 24 51

1,83 14.31/ 1.91 8.17,0.8 6.08

0. 0678 0.2555/0. 0398 0.12770.0358 0.1192

m Up «— — Down Out€«— —>1In Out<— —>1n Out «— —>1In

Height
(52}
T

lO_a_OL.__j 1.3.4.6 : Number of trees per clump
1 10

Number of branches

Fig. 7. Vertical distribution of branches
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BHEO AR & ARDOBZORKITIZL. S~ 2fEDENS LNDB D, Fig. 7 DD HHTH
SNBEHICHRBED LT D EEBFICA - ADERIEIE-T0D,
DELINSDFEDI BLHEOAIANS - LRV EDOESEZE LD S & Table
17 ok Hicts -7,

Table 17, Branch spread
Number of trees
per clump 1 3 4 o sz
cm % cm % cm % cm %
A 173.9  ( 9.84) | 167.0 (18.97) | 155.0 (19.58) | 157.8 (18.09)
B 183.6 ( 9.14) | 158.1 (18.09) | 157.6 (19.33) | 143.0 (19.56)
C 183.5 (9.68) | 178.9 (13.06) | 182.4 (9.56) | 185.5 (9. 65)

( ) : Coefficient of variation

3ODRAERBLIZEA, 1 AEEEBEOMICZDOAONTLBNDR CRTHS, A, B
DO2RITHBOEIED /NI, UL LEBBEKIZ 1 AHEDO 24528103 -TED, Hik
BOEHBEMLEDARENC EARLTVS, BRIZEBRES#E < CREREYE A 5.83m,
B 3.99m, C 5.97m) £ DEMBHEDOKTEZEZHE LD -HIGEVIREICH S, TDT L
2, HRENILLL, BAEOBAZASLTWEIEREEZ NS, ARE CKOD
BRSO, HEVIKODV TR CRBIAMEBEALHLTHSH, ARR
PIRONELN>TS, ARBCRED bXOBOEERSEEXL, »RHOD - B
BEICH - 7288, COTENELICHEBOBRVICALrOEEEEZTNE EEALLN
%,

DL BREOREL EEBENTE LD Fig. 8 Thb, BAEKTTTHEY
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Fig. 8. Vertical distribution of fresh weight of branches and leaves
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Nug;tl)‘e(rzl L(x)rfn l;rees 1 3 ‘ 4 6
A LT | 1AL | 13.44 (18) 12.35 (13)
B ; 217 29) | 16.04 20) 16.63 1) 12.00 ( 7)
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Résumé

This paper deals with the growth of a 13 years old Sugi (Cryptomeria japonica

D. Don) stand planted in clumps.

1) It was proved that the differences among planting types; planting by individuals,
planting in clumps; had little difference upon the survival rates.

2) The form quotient of the planting in clumps was higher than that of the plant.
ing by individuals. And when the form quotient was high (H/D=100), all the
trees were damaged by snow.

3) 1In case of short distances of clumps, judging by basal area per clump, the
clumps of six trees seemed to be over crowded.

4) It was proved that the fewer the number of trees per clump, the larger the
greatest trees in the clump was produced.

5) The diameter growth had not been affected by the eccentric crown up to the
time of survey.

6) When the interval of clumps is short, in order that the function be most effici-
ent, the thinning must be practised earlier to the clumps of a large number of

trees.



