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Outlines of examination stands.
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Mok H ok mfE Ak LB BE EHRESER SRS AEE k=
Stand Region Cultivar Stand Soil Density Mean Mean tree  Investigation Note
age (yr) type (No./ha) DBH(cm) height(m) year
S-1 HERSANT HTE 13 B 3,600 9.3 8.8 1971 7] s AR
Saitama Pre. Local Even—aged stand
S-2 BRBRATGE YT EXX 14 B: 2,100 9.4 10. 1 1978 BB TA
Ehime Pre. Yanasesugi Lower—story tree
S-3 BIERALE 7T ZAX 14 B: 3,050 5.5 6.0 1978 B TA
Ehime Pre. Sanbusugi Lower-story tree
S-4 BERATGE 7T¥AX 15 B: 3,900 6.4 6.7 1978 &l Ak
Ehime Pre. Ayasugi Even—aged stand
S-5 EBJEBRK W TZXX16 Bo 2, 850 12.0 7.7 1973 EE 7N
Tokyo Pre. Sanbusugi Even—aged stand
S-6 EERALHE HimE 72 B 182 43 26 1978 A LA
Ehime Pre. Local Upper—story tree
S-7 FEEALGHET #iPE 63 B 224 39 21 1980 L Y=E S S
Ehime Pre. Local Upper—story tree
S-8 HABKEE HILE 8 Bs(d) 3,770 5.7 4.7 1980- [ AR
Kochi Pre. Local Even—aged stand
H-1 BERBART H#itE 16 Bo 3, 200 9.2 9.1 1971 [E] Ak
Saitama Pre. Local Even—aged stand
H-2 &&R)IEE #TE 20 Be 4,400 9.2 8.0 1981 IF)
Kochi Pre. Local Even—aged stand
H-3 BaR)IEE #oTE 22 B:(d) 2,210 13.6 10.8 1981 Ii] A
Kochi Pre. Local Even—aged stand
H-4 ®BHREEE HoxE 28 Bc 2,140 15.3 12.0 1981 W] AR
Kochi Pre. Local Even—aged stand
H-5 EBEEE #oE 23 B: 2,980 13.2 11.3 1981 I S AR
Kochi Pre. Local Even—aged stand
H-6 ®JIERHK HTEE 16 Bc - - - 1973 B R AR
Tokyo Pre. Local Even—aged stand
H-7 ZRRAESET Mo 9 Bo(d) 3,100 6.4 4.7 1986 B AR
Ehime Pre. Local Even—aged stand
H-8 BRI EEHT HiTE 9 Ba(d) 4,700 6. 4 4.8 1986 EE Gz
Ehime Pre. Local Even—aged stand
H-9 ZRRERET HookE 9 Bo(d) 6,900 5.4 4.6 1986 [RI#RAR
Ehime Pre. Local Even—aged stand
H-10 &%/ KREE HITiE 8 Bo(d) 2,720 4.8 4.1 1982- EEN

Kochi Pre. Local

Even—aged stand

*0000000000000000000  S:Sugi (Cryptomeriajaponica) stand.  H:Hinoki (Chamaecyparis obtusa) stand.
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Table2. 000000000 DOOOOOO
Outlines of examination and sample trees.

b N N PERAEL Jfg v LR OE O =
Stand Stand age The number DBH Outlines of examination
(yr) of sample tree (cm)
S-1 13 7 7.7-10.7 BEZ4cnll LIZEET HEEK
By*
S-2 14 13 5.0-9. 1 BEZ 4 cenbl FIZEET BB BRER
Byx* and Bo*
S-3 14 15 5.5-7.7 Gl
Ditto
S-4 15 15 6.0-8.2 Al E
Ditto
S-5 16 11 8.4-15. 4 BREEICELET IR L AR
Bo and Bx of whole-stem
S-8 11 8 4.6-10.6 2EHOKITHCREINEROER
Bo of removed branch by the second pruning
0 13 8 6.2-11.3 3[EHOEFTH TRESN DO ER
Bo of removed branch by the third pruning
n 18 13 8.6-12.3 5B H OEFTH ThRESIN O EE
Bo of removed branch by the fifth pruning
H-1 16 7 8.3-11.6 BEZ4cnll LICEET HEK
By*
H-2 20 6 8.8-9.7 BEZR 4 ~10cnDBICEETIEE
BD**
H-4 28 8 10.8-15. 3 Cil
Ditto
H-7 9 8 3.0-11.0 BAEKIIELT B HER
Bo and Bw of whole-stem
H-8 9 8 4.1-8.7 [F_E
Ditto
H-9 9 8 2.0-8.0 7t
Ditto
H-10 11 12 5.1-10.0 2B B OFTH ChRrEINEOBER
Bo of removed branch by the second pruning
" 13 6 6.2-10. 2 3EHDEITH CREINEOER
Bs of removed branch by the third pruning
" 15 11 6.5-11.1 4B B OBFT S CTRESNFEDOBER

Bo of removed branch by the fourth pruning

Bn:The number of branch Bp:Branch diameter

By*:The number of branch on the upper side of stem which diameter was 4 cm.

Bp*:Diameter of branch on the upper side of stem which diameter was 4 cm.

Bp**:Diameter of branch on stem part of which diameter was from 4 cm to 10 cm.
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Table3. OOOOOOO
Knot analysis of the sample trees.

oy b MEER B A& iTeEs  BITHRRE BEfibiE HERA K
Stand  Stand DBH Tree Height of Age at the Pruning tool Number of
age height pruning time of pruning sample tree
(yr) (cm) (m) (m) (yr)
S-1 13 8.6-10.1 7.5-8.4  2.3-3.8 5,10, 12 FEx (FEF, /aFxy) 4
Hatchet* (Hatchet,Saw)
S-2 14 6.7-8.8 6.9-10.3 4.0-5.8 5,6,8,11 F &% Ji<* 6
Hatchet*,Sickle*
S-3 14 5.8-7.4 6.1-8.1 4.0-4.6 6,8,11 FEx, i<k 6
Hatchet* Sickle*
S-4 15 5.9-6.6 6.5-6.9 3.94.1 7,8,12 FEx Ji<* 2
Hatchet*,Sickle*
S-5 16 4,9-11.9 6.6-11.0 3.3-6.9 12,16 (F%, /72%Y) 4
(Hatchet,Saw)
S-6 72  29.8-41.2 22.0-25.3 11.4-15.3 49, 57 FEx* 5
Hatchet*
S-7 63 42.7-47.5 21.2-22.2 12.4-14.9 52 A%, JaFUx 3
Ax* Saw*
H-1 16 8.5-11.7 8.7-10.7 3.8-5.0 5,11 FEx (FF, JaF) 3
Hatchet* (Hatchet,Saw)
H-2 20 10.5-13.7 8.0-10.3 3.4-3.9 15 FEx 4
Hatchet*
H-3 22 11.8-15.9 8.9-12.1 3.8-4.5 15 J aX Uk 4
Saw*
H-4 28 11.6-15.3 10.3-12.4 4.3-5.0 21 FE* 4
Hatchet*
H-5 23 11.3-13.4 10.3-11.3 3.3-4.6 15, 21 FHE* 4
Hatchet*
H-6 16 7.2-10.0 6.7-7.7 1.7-5.2 16 (/=2xV) 3
(Saw)

**0OOOOOOOOOOOO Pruning tools used for pruning operation.
():000000000000 Pruning tools used for test pruning carefully carried out.
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Method of knot analysis.
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C: 0 000 U Radial thickness for occlusion
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E:00000O0Q0O0O Stem radius at the time of pruning
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[y = 4094Ln(x) + 6.40
20 | R*=0627e e ® o

[o]
y = 3.399Ln(x) + 4.12
R®=0.778
0 2 4 6 8 10 12 14

Stem diameter (cm)

& Branch diameter (mm)
=

Fig.2. 000 (00O0O0O0)000000050000000000
goodoooooooboooooooooooa
Stem diameter at the lower end of each stem
stratum (0.5 m), and mean and maximum branch
diameter in each corresponding stratum of the stem in
S-5 stand.
o 00000 Mean branch diameter
e 00000 Maximum branch diameter

ch diamster (mm)

FgiRE

Maximum bra

HHEE Stem diameter (cm)

Fig.3. 000000 UODOOOo0sOIOOOOOOOOOO
00o0O0oooooooo(@)ooooooo (@)
Stem diameter at the lower end of each stem
stratum (0.5 m), and mean branch diameter (A) and
maximum branch diameter (B) in each corresponding
stratum of the stem in three Sugi stands.
o 00000 (0D0D00O0 Yanasesugi )
e .000D0(0DDOO0O Sanbusugi)
0000000000 Ayasugi)
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o

FExI4EE Relative frequency (%)

3 5 7 9 11 13 15 17 19 21 23 25

¥ ¥ Branch diameter (mm)

Fg.4. 000O0OO0OOOOO(ODO)00OOOOOOOOO(1L
00)0000(300)00000800)00ooon
goo
Relative frequency distributions of removed branch
diameter at the time of each pruning operation in S-8 stand.
00d00DO0000OemOOOOOODODOOO
Trees were pruned up to the height at which stem
diameter was 4 cm. Stand ages at the time of each
pruning operation were 11 (second ),13 (third) and
18 (fifth) year old, respectively.

25 » H-9:6,9004/ha y = 7.934Ln(x) + 1.77

2 _
° R® = 0.697

[e]
y = 5.435Ln(x) + 0.06

o ® RY = 0.730
E o L .
E 0 2 4 6 8 10 12 14
N
%, . H-8:4700%/ha v = 1720000 + 2.28
E o R’ = 0.599
5 20
5 5
g 10 y = 6.326Ln(x) - 0.84
m 5 R? = 0.756
o .
o 0 2 4 6 § 10 12 14
i

30 H-7:3,100& /ha y = 8.716Ln(x) + 0.19

25
20
15
10
R =0.773
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Table4. 0000 cmOOODOO0OD0DOO0O (No./O)

The number of branches (Bx) on the upper side of stem whose diameter was 4 cm.

oy S-1 5-2 S-3 S—4 S5 H-1 H-7 H-8 H-9
Stand
IS SIS 20.6 19.5 23.7 20.7 27.7 21.3 27.3 21.1 21. 6
Mean Bs
PR A= 4.3 3.2 4.8 3.3 8.0 2.9 6.6 6.6 6.4

Standard deviation

Table5. 0000 cmOO000cmOO0O000O0O0O0O00O (No./O)

The diameter of branches on upper side and lower side of stem whose diameter was 4 cm.

oy BEZE 1 2 3 4

Stand Stem diameter

6 7 8 9 10 11 NS
Mean

S5  dcemBlk 27.0 30.7 33.6 24.9 25.

4 ¢cm or more

4 cmATH 30.4 31.0 46.0 33.0 36.

Less than 4 cm

32.0 27.1 28.3 28.6 23.5 24.0 27.7x

37.5 31.5 32.5 34.0 30.7 30.0 33.9

H-7 4 cmPd B 26.5 28.0 - 30.8 24. 29.3 27.7 24.8 27.3
4 cm or more
4 cmA TG 27.0 29.0 24.3 31.5 21. 32.0 30.5 28.0 27.9
Less than 4 cm
H-8 4 cmPh E 14.0 20.7 24.4 28.0 - 21.0 18.7 21. 1%
4 c¢cm or more
4 cmA s 33.0 29.0 34.0 29.5 22. 23.6 28.0 28.5 28.5
Less than 4 cm
H-9 4 emPd E 27.0 21.0 - 20.0 21. 19.0 21.0 - 21. 6%
4 ¢m or more
4 cmK iy 29.0 29.0 28.0 30.8 34. 25.6 25.0 25.2 28.3

Less than 4 cm

*0O00OO0OO00o0O0OemOOOUOemOOOOO0OODOOD0OODOOOOOOOO

* indicates significance at 5% level according to t-test.
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Comparison between hatchet and sickle.
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Relationships between length of branch stub and radial thickness for occlusion in Sugi
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** indicates significance at 1% level. Broken line is

drawn by equation y = x.

Table6. 00D O00O0O0O0O0O0OOOODOOOOOOOOOOOOOOO(@MOO)
The sample trees and ratio of occlusion by test pruning carefully carried out.

#ft R K 1 2 3 4
Sample trees
MEEZ  (cm) 10.5 10.6 4.5 4.4
DBH

B " 9.2 9.0 5.7 5.9

Tree height

B F oA W 1.8 2.2 0.7 0.5

Clear length

BiTbE (m) 5.1 4.8 2.4 2.3

Height of pruning

BITbHLER F& axy ;& Jax) FE aXy FE axy

Pruning tool Hatchet Saw  Hatchet Saw  Hatchet Saw Hatchet Saw

EXRERE (nm) 10.8 10.7 10.5 10.4 6.5 6.8 6.4 6.2

Mean branch diameter
1 %4 27 21 33 32 18 10 18 28

BIAFF After one year
Ratio of 2 4% 83 65 65 54 54 33 61 49
occlusion After two years

%) 3R 96 91 88 86 63 39 78 66

After three years
4 B - - 93 94 76 55 84 14

After four years
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Relationship between stub diameter and length of
branch stub by carefully carried out test pruning in
Sugi stand. Comparison between hatchet and saw.
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Relationship between length of branch stub and
radial thickness for occlusion by test pruning carefully
carried out in Sugi stand. Comparison between hatchet
and saw.
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Relative frequency of annual ring appearances after occlusion.

MEN Kb RE A EIE H OB E & (%)
Stand Pruning tool Number of Relative frequency
knots INER] EE MATAL

(No.)  Concavity Convexity Flat
S—1 + &  Hatchet 25 12 84 4
S—2 VAV Hatchet 144 31 25 44
S—3 F Hatchet 104 9 61 30
S—4 Tz Hatchet 17 0 82 18
S—2 F1~<  Sickle 46 37 20 43
S—3 J1<  Sickle 80 26 45 29
S—4 J1=<  Sickle 46 9 76 15
S—6 + &  Hatchet 55 2 96 2
S—7 F/ Ax 74 12 82 6
S—7 /=2F%Y Saw 28 0 100 0
H—1 a4 Hatchet 73 3 97 0
H—2 +4#  Hatchet 50 0 98 2
H-3 /=2XY Saw 63 1 94 5
H—4 F %  Hatchet 35 0 100 0
H-—5 T & Hatchet 33 0 100 0
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Relationships between stub diameter and radial
thickness for annual ring recovering after hatchet
pruning.
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** indicates significance at 1% level.
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Relationships between length of branch stub and radial
thickness for annual ring recovering after hatchet
pruning.
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** indicates significance at 1% level.
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Relationships between stub diameter and length of
branch stub after the death of the branch or artificial
dry pruning.
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Both artificial dry pruning and natural pruning were
included.
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Relationships between length of branch stub after the
death of branch and radial thickness from death to
occlusion.
goodooooooobooo
Both artificial dry pruning and natural pruning were
included.
*Ooooooooo
** indicates significance at 1% level.
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Relationships between stub diameter of dead branches
and length of branch stub by test pruning with saw
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Relationships between maximum length of branch
stuband stem diameter at the time of pruning, and
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recovering and stem diameter at the time of pruning.
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Table8. OO O0ODOOOU0OO0OOOOOOOOOOOOOO
The stem diameter at the time of pruning, and the stem
diameter at the beginning of knot-free timber
production, and annual ring recovered timber
production.

AT HRFOBER S %)
Stem diameter at the Knot-free timber Annual ring
time of pruning (cm) (cm) recovered
timber (¢cm)
6 7.5 9.2
8 10.2 12.8
10 12.9 16.0
15 19.3 232
20 25.2 29.8
25 30.6 36.0

20cm0000000000C0CO0OCO0O0O0O0O75,
12,9, 252cm00 000000000000 0O0OO9.20
16.0, 29.8cmO 000000
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Measurement of stem-crookedness and its direction.
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Stem-crookedness was measured along the section of
the stem from 0.5 to 3.5m height above the ground.
Measurement directions were M. mount side, V: valley
side, R: right side and L: left side, respectively.
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Table9. OO0 DOOOODOOODODOOOODOOOOO

Outlines of the stands, and relative frequency of maximum stem-crookedness on different directions.

war o HhL s o B K FHREER FORE H OB E & (%)
Stand Direction Gradient Stand Density Mean Mean tree Relative frequency
) age(yr) (No./ha) DBH(cm) height (m) M Vi R L*
S-1 S 23 13 3, 600 9.3 8.8 40 30 20 10
S-5 W 17 16 2, 850 12.0 7.7 17 17 36 30
H-1 S 23 16 3, 200 9.2 9.1 20 13 4 63
H-2 \W 41 20 4, 400 9.2 8.0 30 13 33 24
H-3 E 38 22 2,210 13.6 10. 8 25 0 25 50
H-4 S 38 28 2, 140 15.3 12.0 56 7 26 11
H-5 E 35 23 2,980 13.2 11.3 33 8 33 26
H-11 SW 35 27 2, 700 13.7 12. 6 44 9 17 30
H-12 SE 28 20 3, 870 11.3 9.3 30 30 22 18
H-13 SW 37 19 4,130 11.5 8.8 45 14 14 27

*:Fig.310 00O See Fig.31.
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Stem diameter without bark at the height of pruning.
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Classification of boxed heart by JAS grade considering
wound and wane as well as knot.
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Fig.30. 000000000000 OODO
Classification of boxed heart by the number of
knot-free faces. Grading was done only by “ knot-free”
in disregard of the presence of wound and wane.
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Fig.37. 0000000000000 O00OO
Distance from pith to the center of boxed heart on
cross section.
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Relationships between the distance from pith to the center of boxed heart on cross section and grading by JAS grade,

or grading only by knot.

W E T K & EHM I TS
mi EEM Classification by JAS Classification only by knot
Grade or number BE o + h B o + n
of knot—free faces Distance from pith to center Distance from pith to center
2emPd T 3cmll E 2emPL T 3cmPd F
Less than 2cm  3cm or more Less than 2cm 3cm or more
AHEES Four faces 52% 36% 91% 67%
3SHEH Three faces 36 36 7 27
2 HER Two faces 8 13 0 6
1 EERT One face 2 3 2 0
ZF D None 2 12 0 0

Materials: First logs only.

|Bu11etin of FFPRI, voll, Nol, 2002



36
(0)0ODOooOOOooDOoooooooo
000000000000000000000
0(000000000000000000)00
0000000000000000000000
0000000000000 000000000
(0)oo
000000000 @xO00000)0o0o0o0o
0000000000000 00D0000000
0000000000000 000000000
0000000000000000000000
0000000000000000000000
0000000000000 000000000
0000000MO-000000000000
0000000000000 000000000
0000000000000000000000
0000000025cmO00000000O0O0O
000000000000 15emOO00000O0
000000-000000000000000
0000000000 cmOO0000O0O0DOOO0O
0000000000 cmO0000O0O0O0O0O
0000000000000000000000
0000000000000 000000000
0000000000000 000000000
0000000000000000000000
0000000000000 000000000
O00cmO000000O0000O0O0O0O0OO0
0000000000000000000000
000000000000 0000
000000000105emO000O00O00O00O0
0000000000060cmO0O0O0O000O0O0O
0000000000000 000000000
000000000 cmOO00000O0O0O0O0O
00000000000 emO0000O0O00O7.00
0000000000000000000000
000000000000 000000o0o0a
0000000000000000000000
0000O0O0O0O0l120cmO000000O00O0OO
00000000000000000 7.0cmO00
0000080ecmOOO0OOO
000000105cmO 00000000000
000000000000000006.0cmO0
0000000000000 000000000
00000000000000000000000

gboooodbobiddemdboobobooon
0emO00000C0OO0OCOOOCDOOOGODO

oboooboooboooooobooboobo
gboobooboboobooobooboon
ubooboobooboobooobooboon
gbhoboooboboooboboobooboommon
gboobooboboobooobooboon
uboobooboobboobooobooboon
uboobooooboobooobooboon
gboobooboboobooobooboon
uboobooooboobooobooboon
uboobooooboobooboooboooboon
gboobooboboobooobooboon
goboobboooooobobobbooooon
uboobooooboobooboooboooboon
gboboooboboboobobobDoobon
ugoboooooobobooooooboboogon
uboobooooboobooboooboooboon
ugbooboobooobooo

guodooobbooggooon

gbooboooboooboobooboobo
gbhobooobobmoboooobobooobon
gboobooboboobooobooboon
uboobooboobooboooboooboon
ubooboooobobooboooboooboon
ugbobooobooooooon

o-0oobooooooon
gbooboobobboobooobooboon
gooboo-obb-0o0b-ooooboobbo-o0
g-ooooboboooooobbo-coogooon
(TableD)OOOOOOOOOOOOOOOOO
0000000 (Fig.380 Photo.0 )0 OO OODO
uboobooooboobooobooboon
gbooboobobboobooobooboon
boobooboobooboooboooboon
ubooboooobooboobooboon
gboobooboboobooobooboon
goooo
ooooooboooooooobooboboooo

DDDDDDDDDDDDDDD,ZOOZl



Fig.38. 00 000000000000 O0OOO0ODOO
Method of measurement of the wood discoloration and
wound by pruning.
. 0000 Stub diameter
. 0000 Length of branch stub
. 000000 Length of upward wound
000000 Length of downward wound
0000000 Length of upward discoloration
;0000000 Length of downward discoloration
. 0000000 Radial thickness of upward discoloration
;000000 0 Radial thickness of downward discoloration
;00000000 Area of upward discoloration
;00000000 Area of downward discoloration
. 00000 Total length of discoloration
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Tablell. D000 O0O0OOOOO
The number of knots analyzed, and ratio of the discolored.
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Relationships among discoloration, kind of tools,

diameter and length of branch stub in Sugi young stands.
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Relative frequency of wounds upward and downward of
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Relative frequency of wound types.Comparison with the tools.
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Relative frequency of radial thickness (A), total length
(B) and total area (C) of discoloration in Sugi young
stands. Comparison between hatchet and sickle.
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Allometric relations of leaf weight (Wv) to trunk size

given by Do2?H (a), and relationship between
cumulative leaf weight from canopy surface to
z-stratum (X Wiz)to Dz2Hz (b) at the time of pruning.
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Biomass and other features in each plot at the time of pruning.

ALER X Plot A-1 A-2 A-3 A-4 B-1 B-2 B-3 B-4

7 e Density (No. /100m?) 204 204 204 204 400 400 400 400

SEEIEE S Mean DBH(cm) 1.6 1.6 1.8 1.8 1.5 1.5 1.6 1.5

SE ) k6t s Mean tree height(m) 2.4 2.5 2.7 2.7 2.4 2.4 2.5 2.5

[ Stem volume(m?®/ha) 11.6 12.4 15.2 14.7 17.1 17.5  20.2 18.7

#  Stem 4.5 4.7 5.8 5.6 6.7 6.9 7.9 7.4

HiAE #E  Leaf 7.7 8.0 9.5 9.4 11.3 11.4 12.5 12.1

Biomass B Root 2.4 2.5 3.1 3.0 3.6 3.7 4.1 3.9

(t/ha) 42K Whole 14.6 15.2 18.4 18.0 21.6 22.0 24.5 23.4

T bE Pruning height(m) - 0.8 1.2 1.6 - 0.8 1.2 1.6

I H%OMER Leaf of just after - 5.7 3.7 1.9 - 8.8 5.7 2.6
pruning (t/ha)

HEERER Removal ratio of - 28.7 61.1 79.8 - 22.8 54.4 78.5

leaf (%)
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Relationships between the removal ratio of leaf and
mean annual diameter increment,and between the
removal ratio of leaf and mean annual height increment
of each plot.
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Solid lines show increment in the first year and dotted
ones in the second year.
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Allometric relations of stem, leaf, branch, and root
weight to trunk size given by D?°H on the sample trees at
the end of two growing seasons after the pruning.
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Relative value of stem volume increment was expressed
as the percentage of the value on pruning plots against
that on control plot, where the trees whose stem
volume had been same at the time of pruning were
chosen as the sample trees.
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Relationships between the removal ratio of leaf and
relative value of stem growth for two growing seasons
after the pruning.
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Table13. 0O DO0OOODOOOODOOOODO

Biomass and other features in each plot at the end of two growing seasons after the pruning.

L X Plot A-1 A-2 A-3 A-4 B-1 B-2 B-3 B-4
FE)MIEERE Mean DBH(cm) 2.9 2.9 2.7 2.5 2.8 2.8 2.6 2.4
SEXIR S Mean tree height(m) 3.5 3.5 3.3 3.0 3.9 3.8 3.6 3.5
ST & Mean clear length(m) 0.5 0.8 1.2 1.6 0.6 0.8 1.2 1.6
-5 Stem volume(m?®/ha) 38.8 40.3 35.1 27.2 74. 0 70. 4 62.1 53.1

i Stem 14.0 14.5 12.7 9.9 27.6 26. 2 23.2 19.7
HEE b5 Branch 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Biomass -7 Leaf 15.9 13.5 12.0 8.3 26.1 25.1 20.5 15.9
(t/ha) Hh 7 Above—ground parts 30. 1 28.1 24.8 18. 2 3.7 51.3 43.7 35.6
1B Root 6.0 5.7 5.3 3.9 10.9 10.1 9.3 8.3
42K Whole 36.1 33.8 30. 1 22.1 64. 6 61.4 53.0 43.9

Table14. 00 0OO0O0O0O0O0O0O0OO (O/hal2yr)

Net primary production in each plot for two growing seasons after the pruning.

WX Plot A-1 A-2 A-3 A-4 B-1 B-2 B-3 B-4
=2 Stem 9.5 9.8 6.9 4.3 20.9 19.3 15.3 12. 3
£ T Leaf and Branch 9.1(0.7) 7.9 8.4 6.4 16.5(1.6) 16.3 14. 8 13.3
B Root 3.6 3.2 2.2 0.9 7.3 6.4 5.2 4.4
4 {K Whole 22.2 20.9 17.5 11.6 44,7 42. 0 36.3 30.0

()0000000000Dead leaf and branch.
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Relationship between stem weight (Ws) and root
weight (Wr) of the sample trees in B block at the end of
two growing seasons after the pruning.
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Biomass and other features in each stand at the time of pruning.

Ly Stand* A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2
bods:y Density (No. /ha) 4,880 4,900 5,020 4,920 4,930 4,920 6,460 6,360
SEHIME A Mean DBH(cm) 7.8 7.8 5.4 5.3 5.7 5.5 4.9 4.9
SEH R Mean tree height(m) 8.3 8.2 6.1 6.0 5.8 5.7 5.3 5.1
SN & Mean clear length{(m) 2.4 2.0 1.3 1.2 1.4 1.5 1.1 1.0

I H#%  After pruning(m) - 5.5 - 2.9 - 2.9 - 2.3
EHFH FTEE Mean stem diameter at 7.1 7.2 5.4 5.5 5.6 5.4 5.1 5.2

the upper end of
clear length(cm)

i b#%  After pruning(cm) - 4.0 - 3.9 - 3.9 - 3.8

Y T 5 Stem volume{m?®/ha) 112.4 112.8 48.1 44.9 54.1 49.8 45.3  42.4
BT E #  Stem 39.0 39.1 17.0  15.9 19.0 17.5 16.3  15.3
Biomass ¥ Branch 2.9 3.6 1.6 1.4 1.8 1.7 1.9 1.9

(t/ha) H¥TH1% After pruning - 0.3 - 0.4 - 0.4 - 0.7
¥ Leaf 17.8  19.2 10.8  10.2 12.3  11.5 13.1  12.8

¥TH# After pruning - 5.7 - 5.6 - 5.8 - 6.7

BEEEREZE Removal ratio of leaf (%) - 70.4 - 44,9 - 49.8 - 48.0

*DO0000D00D00DO0O0DD0OOo 1: Control stands. 2:
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Table16. 000000 (000)000000D0(OO0)0000OOOOO
Biomass and other features in each stand at the end of two (stand A,B), and three (stand C,D) growing seasons after the pruning.

4y Stand A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2
SEHI R Mean DBH(cm) 8.9 8.4 6.6 6.4 7.2 6.8 6.3 5.8
MRS Mean tree height(m) 9.3 8.8 7.4 7.0 7.3 6.9 6.4 5.9
SEME T & Mean clear length(m) 3.2 5.5 2.4 3.1 2.5 3.1 2.0 2.7
SEHEE FTEEE Mean stem diameter at 7.5 5.1 5.9 5.1 6.4 5.4 5.8 4.8

the upper end of

clear length{cm)
B TE Stem volume(m?®/ha)  160.4 140.3 84.8 69.5 95.7 78.4 88.1 68.7
BAR ¥ Stem 54.0 47.2 20.5 24.1 35.7  29.1 32.0 25.9
Biomass ¥  Branch 3.6 2.3 2.3 2.2 2.8 2.7 3.4 2.1
(t/ha) #  Leaf 18.8 12.4 1.5 10.7 16.0 11.9 18.8 13.8
/E\s.z*wo,z'A% B-1 C-1 D-1 go0ooooooobooooboooooogooo
£ LB s 0000000150000000220000
fg :| | — i godooooooogooooooogoooo
S T T S 0000000000000000000000
N e = = == 000000(@DO0O1975 0000000000

— — — —

{LE 1222 o ul — - godooooooogouoooooogoooo
® 000000000 oOoOooz280uoouooon

01234 01234 01234 01234

¥ B

Fig.66. 000000000000 OOOOO
Vertical distributions of leaf biomass in each control
stand at the time of pruning.
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Fig.67. 0000000000 (0),0000(@)00000
Relative value of diameter (D) and height (H)
increment for two growing seasons after the pruning.
goodobooooobooooboooooog
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Relative values of growth were expressed as the
percentage of the increment on pruning stand against
that on control stand in each block.
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000000000 Table 160 Table 1500000
00000-000-000000 1.000.70 /ha0
2yr00-000-000000 3.705.70 /haO
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Vertical distributions of leaf biomass in each stand at
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Table17. OO O0O0OO0OO0O0DOOOOOOOOOOO
Net primary production in each stand for two and three growing seasons after the pruning.

M4  Stands A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2

&  Stem 15.0 8.1 12. 5 8.2 16. 7% 11, 6% 15. 7% 10. 6%

L E % Branch - 2.0 - 1.8 - 2. 3% - 1. 4%
Dry weight #£ Leaf - 6.8 - 5.1 - 6. 2% - 7. 1%
(t/ha) # Total - 16.9 - 15.1 - 20. 1% - 19. 1%

B FE Stem volume(m?®/ha-2yr) 48.0 27.5 36.8 26.3 25.4 18.1 28.0 17.0

*0OOOOOOOOOO The values for three growing seasons after the pruning.
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Relationship between the removal ratio of leaf and
relative value of stem growth for two growing seasons
after the pruning.
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The results of the this experiment were plotted (A )in
Fig. 58.
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Table18. OO OO0DODOODOOOOO
Outlines of Hinoki stands and the sample trees.

A=A I SR ) = EHREmERE FHETE AT FR X
Stand Density Mean tree Mean DBH Mean clear Site index
(No. /ha)  height(m) (cm) length(m)
P—-1 2, 860 7.7 (8.1) 9.8 (10.5) 2.3 (2.7 18
P—2 2,000 5.7 (5.8) 8.1 (8.5 1.4 (1.5) 13
()D0000D000 The sample trees.
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Relationships between cumulative weight of leaf

(X Wiz) and branch (X Wsz) from canopy surface to
z-stratum and Dz?Hz on the sample trees at the time of
pruning.
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Vertical distributions of leaf and branch weight in
individual tree at the time of pruning.
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Relationships between the removal ratio of leaf and the
increment of stem volume for two growing seasons
after the pruning.
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Fig.75. 00 000000000000 OOOOOOO
Relationships between the residual leaf weight just
after the pruning and the increment of stem volume for
two growing seasons after the pruning.
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Relationships between the residual leaf weight justafter
the pruning and the leaf weight at the end oftwo
growing seasons after pruning.
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Table19. 0D O0OOOODOOOO
The examination stands at the first time pruning.

Tuy b WBEE A R BE EHRMEEE EOME EHRTE EHETER
Stand Alt. Stand Gradient Density Mean Mean tree Mean Mean stem diameter
Species age of slope DBH height clear at clear length
(m)  (yr) (") (No/ha) (cm) (m) length (m) (cm)
AF P-1Cx 490 8 26 3, 750 5.7 4.7 0.6 -
Sugi P+ 490 28 3,770 5.6 4.6 0.7(2. 1) 6.3(4.0)
P-2C 470 8 36 2,670 4.8 3.9 0.6 6. 2
P 470 36 2,720 4.8 4.1 0.6(1.6) 6.0(4.1)
P-3C 170 6 40 2, 280 3.8 3.6 0.6 4.8
P 170 38 2, 260 3.8 3.5 0.7(1.2) 4.7(3.8)
P-4C 190 6 32 2,510 2.8 3.0 0.5 4.3
P 190 32 2, 480 2.8 3.0 0.2(0.8) 4.8(3.7)
B /% P-5C 190 6 35 2,260 3.3 3.2 0.6 4.3
Hinoki P 190 36 2, 250 3.1 3.2 0.5(0.9) 4,5(3.7)
P-6C 410 9 25 3, 140 6.7 5.0 0.4 9.5
P 410 25 3,110 6.4 4.7 0.3(2.3) 10.4(3.9)
P-7C 410 9 25 4, 800 6.3 4.5 0.6 7.9
P 410 25 4,700 6.4 4.8 0.8(2.5) 7.7(4.0)
P-8C 410 9 24 6, 930 5.4 4.5 0.7 6.4
P 410 24 6, 890 5.4 4.6 0.7(2.0) 6.7(3.9)
**0OOOOOooooooOo C: Control stands. P: Pruned stands.
():00000 Just after pruning.
Table20.0 0000000
Outines of biomass examination.
HOE A= ANNC N ) ROE O OB
Survey Stand and age (yr) Method
X ERF P-1(8y), P-2(8y), KT~8REBMLHL, BRARYIETE, &, EE
At the first P-5(6y), P-6(9y), ZHE
IRFFRE  time pruning  P-7(9y), P-8(9y),

Biomass Seven or eight sample trees were cut off from each
P-1C(13y), P-1P(15y), stand, and stem, branch and leaf were weighed
ek 31 P-2C(13, 17y), independently with the stratified clip method.
During P-2P(13, 17y),
P-3C(8y), P-5C(10y),
P-3P - P-5P(10y),
BITHHEBOBIFER P-1C(13y), P-1P(15y), FZT~4ATCHERAm LY FRCEETAER

Residual leaf weight just
after pruning

P-2P(17y), P-3C(3y),
P-3P(10y), P-5C(6, 10y)
P-5P(10y),

P-1P(11, 13, 15, 18y),
P-2P(11, 13, 15, 17y),
P-3P(12y), P-4P(10, 12y)
P-5P(8, 12y),

P-6P(11, 13y),

P-7P(11, 13y)

P-8P(11, 13y)

BITHIZ KL DhEE

The amount of removed
branch and leaf by
pruning

% HE

Seven or fourteen sample trees were cut off from each
stand, and leaf on the upper side of stem which diameter
was less than 4 cm were weighed.

%%fv 14 KO HbATRESN-ER, HEY
el

Removed branch and leaf were weighed with seven or
fourteen sample trees after the pruning.
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Changes in mean diameter at breast height (DBH), mean tree height (H), mean clear length (Cl),and mean stem diameter at
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Table2]l. 0000000000 O0OOOOO
Pruning operation on each pruning stands and features of the examination stands at the final measurement.

Zay b SRS RN i Pt TE A BE CPABREER PSS HAEK

Stand Stand age at Mean clear Stand Density Mean Mean tree Site
pruning operation length age DBH height index
(yr) (m) (yr)  (No. /ha) (cm) (m)
A¥ P-1C — 7.6 25 3, 750 14.4 13.4 18.0
Sugi P 8,11,13,15,18 6.5 25 3,770 11.7 11.1
pP-2C - 6.0 25 2,670 15.0 11.8 17.2
P 8,11,13,15,17 5.9 25 2,720 13.5 11.1
P-3C - 5.3 20 2, 280 15. 1 12.2 22.6
P 6,8,10,12 5.6 20 2,220 14. 3 11.8
P-4C — 2.6 20 2,510 12.7 8.9 15.9
P 6,8,10,12 3.0 20 2, 480 10.9 7.4
B /% P-5C — 5.2 20 2, 260 14.5 11.9 22.0
Hinoki P 6,8,10,12 5.1 20 2, 250 13.9 10.9
P-6C — 3.6 17 3,140 13.0 9.9 21.1
P 9,11,13,15 5.6 17 3, 050 10.6 8.7
P-7C - 4.9 17 4, 800 11.3 9.3 19.5
P 9,11,13,15 6.0 17 4,700 10.4 9.1
P-8C - 5.1 17 6, 930 9.7 9.0 19.0
P 911,13,15 5.4 17 6, 890 9.0 8.6

Table22. 0000000000000 O00O0OO0O00O0O0O00O0OO0O0O0O0O0O0OO0O0O0OOO0O0O0OOOO0OOOODOOOOOOO0O0
gooooo
The greatest values of stem diameter at the upper end of clear length and crown length in control stand, and the maximum
values of difference between control and pruned stand.

5 FR X DR K AE FEBX & BT HXOZED R KAE
The greatest value of Maximum value of difference between pruned
control stand and control stand
7ay b ENERE Fof et = BT AN Bk HEER &
Stand Stem diameter Crown Clear Stem diameter Crown DBH Tree
at the upper length length  at the upper length height
end of clear end of clear
length (cm) (m) (m) length (cm) (m) (cm) (m)
P-1 10. 4(14) 7.0(15) 3.6%(13) 6. 1%(13) 4. 8%(15) 2.8(20) 2.5(21)
p-2 10.5(15) 6.4(19) 3.2%(15)  6.3*%(15) 3.6%(15)  2.5(19) 1. 1(20)
P-3 11. 2%x(18) 7.3(14) 3. 7%x(12) 6.6x(12) 4. 1%(12) 2.1(14) 0.8(16)
P-4 10. 9% (18) 6.4(18) 2.2%(12) 5.2%(12) 3.2%(12) 2.1(16) 1.7(18)
P-5 11.3(14) 7.1(14) 3.5%(12) 6. 7% (12) 4, 1%(12) 1.9(14) 1.2(16)
P-6 10.5(12) 6.6(14) 2.9%(11) 6.5%(11) 3.9%(15) - -
P-7 8.3(10) 4.8(14) 2.4%(11)  4.3%x(11) 2. 3%(15) - -
P-8 6.9(11) 4.6(11) 1. 9%(11) 3.0%(11) 2.0%(11) - -
()OO0 Standage. *OOOOOO Just after pruning. **0 0 O 0 Maximum value.
(Hooo 000000002000058000000

000000000000 ([@OO000o0)oon O-00019000DOooooYsnoooooo
gbobobooboobooobooobooboon 6400000000000 200005.800
ODo000C0O0O0OO0OO00-0000Feooo- OD0D0O0O0-000000000000 140 180
O000Fegl00O00OO0OO0OOOOODOOODO 14000000009608.200.10000000
ooooo-boobOooboobOoobOools 7.306407.10000020000000006.90
0000007.00000 (Table 22)00000 6306700 000000-0D00000O0O
oooOoODOg890dUOoOoooboboooDoDD 001401401100 0000008407.9, 590
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Changes in mean crown length and its relation to height growth after pruning in the stands,P-1, P-2, P-3, and P-4.
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Changes in mean crown length and its relation to height growth after pruning in the stands, P-5, P-6, P-7, and P-8.
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Relationships between stem volume and trunk size given by D?H of the sample trees before pruning in the stands.
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Table23. 00000000 0D0OODODOOOOOOOOO
Biomass and removal ratio of leaf at the first pruning.

gooo Stand P-1C P-1P P-2C P-2P pP-5C P-5P  P-6C P-6P p-7C P-7P  P-8C P-8P
oo Stem volume (m3/ha) 279 278 13.7 147 59 53 353 32.0 46.9 48.3 50.8 52.1
O 0 O Stem 10.1 10.0 6.1 6.5 27 24 22.0 20.0 275 283 30.7 315
oo 0 O BranchO 1.6 1.6 24 2.6 1.1 1.2 7.7 9.0 9.0 96 86 9.9
Biomass 0000 0O After pruning - 04 - 1.2 - 08 - 13 - 22 - 28
(t/ha) 0O Leaf 9.7 9.8 4.3 4.5 25 27 109 124 122 128 129 14.7

0000 0 After pruning - 41 - 26 - 22 - 28 - 47 - 6.1
00000 Removal ratio of leaf (%) - 58.0 - 423 - 177 - 772 - 63.6 - 584

Tr

S=0.001x + 0.71
R? = 0.92%*

W, {t/ha)
~

s b H = 0.0009x + 0.25 T, H = 0.0004x - 0.015
R? = 0.984 3 R% = 0.97**
1 NP 8 o 2
" =z S = 0.0001x - 0.18
i 3 oW R® =058
puat
o . . . , , o .
2000 3000 4000 5000 6000 7000 2000 3000 4000 5000 6000 7000

MoZEE Stand density (No./ha)

Fig.84. 0000000000000 00000000(@)O00000(@0x000
Relationships between leaf (W.) or branch (Ws) biomass and stand density just after the first time pruning.
0000000 Sugi stand (S) 0000000 Hinokistand (H)
*O0OOODODOOOO **0O indicates significance at 1% level.
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Allometric relations of stem volume (Vs) or stem volume of one year before (Vs-1) and trunk size

given by D?H of the sample trees in control and the pruned stands.
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e (1[0 Leaf

Table24. OO ODOOOODOOOO
Biomass and other features of the stands during the pruning period

000 Branch

oooao Stand P-1C P-1P p-2C P-2P pP-2C P-2P P-3C P-3P P-5C P-5P
oo Stand age (yr) 13 15 13 13 17 17 8 10 10 10
oo Density (No./ha) 3,750 3,770 2,670 2,720 2,670 2,720 2,280 2,260 2,260 2,250
000000 Mean DBH(cm) 9.9 9.2 9.9 8.7 122 10.1 6.7 8.2 8.3 7.7
oooo Mean tree keight (m) 7.6 7.5 6.9 6.6 9.0 8.2 5.1 6.4 6.1 5.9
ooao Stem volume (ms3/ha) 1185 103.6 79.2 618 1414 100.3 253 425 442 34.8
U [0 O Stem 374 376 33.6  26.2 584  41.1 106 163 176  13.6
oo [0 O Branchl 6.0 2.3 8.3 3.3 9.6 4.1 4.5 4.1 5.6 3.6
Biomass 000 0 0O After pruning - 0.7 - 1.3 - 1.5 - 0.9 - 1.0
(t/ha) 0 O Leaf 247 117 11.7 7.3 11.5 7.7 6.1 6.6 6.6 6.1

0000 0O After pruning - 5.4 - 3.5 - 3.7 - 2.0 - 2.2
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A Relationships between stand age and leaf (W.) or branch biomass (Ws).

B : Relationships between mean tree height and leaf (W.) or branch biomass (Ws).
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Table25. 000000000000 DOODOOOOOOOOO
The amount of removed branch and leaf at each time of the pruning operation.

A= N TIRCY N A 3 HETSE =R FRErE
Stand Stand age Density Height of Removed Removed
(yr) (No. /ha) pruning(m) leaf (t/ha) branch(t/ha)
pP-1P 8 3,770 1.5 5.7 1.2
11 3,770 1.6 11.0 3.3
13 3,770 0.9 7.9 1.7
15 3,770 0.6 6.9 6.3% 1.6 1.6%
18 3,770 1.1 10. 6 2.6
43F Total 5.7 42.1 10. 4
p-2P 8 2,720 1.0 1.9 1.4
11 2,720 1.7 5.8 4.2
13 2, 720 1.0 3.4 3.8% 1.9 2.0%
15 2,720 0.7 3.5 2.1
17 2,720 0.8 4.2 4.0% 2.9 2.6%
&3 Total 5.2 18. 8 12.5
P-3P 6 2, 260 0.5 0.7 0.1)
8 2, 260 1.4 (4.5) (3.2)
10 2, 260 1.4 (4. 7)4. 6% (3.3)3. 2%
12 2, 260 1.1 4.0 2.7
&3t Total 4.4 13.9 9.3
P-4P 6 2, 480 0.5 (1.6) (0.8)
8 2, 480 0.8 (3.1) @1
10 2, 480 0.7 1.7 1.2
12 2, 480 0.6 1.6 1.2
&8t Total 2.6 8.0 5.3
P-5P 6 2, 250 0.3 0.5 0.4
8 2, 250 1.3 2.9 1.9
10 2, 250 1.2 (4. 1)3. 9% (2.9)2. 6%
12 2, 250 1.3 4.2 2.8
&gt 4.1 11.7 8.0
P-6P 9 3,110 2.0 9.6 7.7
11 3,110 1.1 5.5 4.0
13 3,110 1.0 5.7 3.8
15 3,110 1.1 (4.9) (3.5)
43 Total 5.2 25.7 19.0
P-7P 9 4, 700 1.7 8.1 7.4
11 4, 700 1.2 6.7 5.0
13 4, 700 1.1 6.3 5.3
15 4, 700 1.2 (6.8) G0
43t Total 5.2 27.9 22.8
P-8P 9 6, 890 1.4 8.6 7.1
11 6, 890 1.1 4.2 3.1
13 6, 890 1.1 4.1 4.2
15 6, 890 1.1 (4. 1) (4.2)
&3t Total 4.7 21.0 18.6

()000%0000000 Estimated by the equation in Fig. 94.
*00000 (Table24)0 0 0 O Estimated by destructive method (Table 24).
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Relationships between cumulative amount of the removed leaf (X Wir) or branch (£ Wee) and cumulative

pruned height (£ Hr) in each pruned stand.

Table26. DO0ODOOO0OOOOOOOOOOOODOOOO

The amount of removed branch and leaf in the cases of the pruning height of 3 m and 6 m.

Fay b B " OE 3mdbm ) ORER (t/ha) 6mb7= D OBRER (t/ha)
Stand Species Density Removal amount per 3 m Removal amount per 6 m
(No. /ha) -3
Leaf Branch Leaf Branch
P-1 Sugi 3,770 16.1 3.9 45.8 12.0
P-2 Hinoki 2,720
P-3 Hinoki 2, 260 8.5 5.6 21.0 15.7
P-5 Hinoki 2,250
P-4 Hinoki 2, 480 9.7 6.7 19.0 14.8
P-6 Hinoki 3,110 14.7 11. 4 30. 3 22.0
pP-7 Hinoki 4,700 15.3 13.1 32.9 26. 4
pP-8 Hinoki 6, 890 14.9 12.5 24.8 21.7
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Table27. 00DO0OO0OOO
Changes in leaf and branch biomass.
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A= NN x B X ¥ O b K ERE A+
Stand Age Control stand Pruning stand Ratio of
g EE HE ot = R R leaf
Mean tree Leaf Branch Mean tree Leaf Branch

(yr) height(m) (t/ha) (t/ha) height (m) (t/ha) (t/ha) %)
P-1 8 4.7 9.7 1.6 4.6 9.8(4.1) 1.6(0.4) (42)

13 7.6 24,7 6.0

15 7.5 11.7(5.4)  2.3(0.7)
P-2 8 3.9 4.3 2.4 1.1 4.5(2.6) 2.6(1.2) (60)

13 6.9 11.7 8.3 6.6 7.3(3.5)  3.3(1.3) 63(30)

17 9.0 11.5 9.6 8.2 7.7(3.7)  4.1(1.5) 67(32)
P-3 8 5.1 6.1 4.5

10 6.4 6.6(2.0) 4.1(0.9) 72(22)
P-5 6 3.2 2.5 1.1 3.2 2.7(2.2) 1.2(0.8) (88)

10 6.1 6.6 5.6 5.9 6.1(2.2) 3.6(1.0) 92(33)
P-6 9 5.0 10.9 7.7 4.7 12.4(2.8)  9.0(1.3) (26)
pP-7 9 4.5 12.2 9.0 4.8 12.8(4.7)  9.6(2.2) (38)
P-8 9 4.5 12.9 8.6 4.6 14.7(6.1) 9.9(2.8) 47

*0OoOoOooOoDOoooDOooooDooOoDoOoooDoooo
Percentage of the value on pruned stand against on control stand.

()00DO0D00OO0000O0DO Just after pruning.
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Table28. 0000 0O0O0ODODOOOOO
Annual increment of stem volume during the

pruning period.

7ay b T F BHERER
Stand Species Stand age Increment
(yr) (m®/ha « yr)

-1C Sugi 13 28. 4
1P Sugi 15 12. 8
P-2C Hinoki 13 17.1
17 16. 2
P-2P Hinoki 13 10.4
17 11.7
P-3C Hinoki 8 10.9
P-3P Hinoki 10 11.2
P-5C Hinoki 10 12.9
P-b6P Hinoki 10 9.9

0000000000000000000000
0000000000000 (Table 230 Table
24)000000000:000000000:°20
0000000000000000000000
00000Fel0l0D0OO0O0O00O0D00000O
0000000000000000000000

Stem volume (Dl ‘ha)

v

800

600

400

200

800

600

400 p

200

1200
1000

800 p
600 F

400
200

180 p
160 b
140 b

BHIE Vs (m*/ha)

120
100
80 |
60 |
40 b
20 F

87

Sugi 180 p Hinoki
160 b
140
120
100

80 b

y = 0.634x°% 60 b o561

y =0871x
R’ = 0995 wok

R® = 0994
2}

. 101.

Q0
400 0

100 200 300 100 200 300 400

D?“H (m®+m/ha)

jodobOoOooooboooOo*0o0ooooooon
Relationships between the stem volume and total D*H
in Sugi and Hinoki stands.

o 00000 Control stand

e 10000 Pruned stand

gboooob:ooobooboboobo-go
gboboooboboobobooboommon
goooOoobbO:00ooooooooboooobon
gbooboooobooobooobooboon
gbooboobobooboobooboon
gobobO:bbooooooooooooooboon

P-4 800 r p-g
600
[ 400 p
8 200
0 N . . " .
4 8 12 16 20 24 g 11 18 15 17
[ p—3 800 .
- 600
400
200
. s . : 0 . . N 2 .
4 8 12 16 20 24 g 11 13 15 17
r 800 p P—g
- 600 |
400
B 200
r L 2 0 r " N . .
6 10 14 18 22 26 g 11 13 15 17
- 800 p ps
[ 600 |
cont
400
8 200 } pruning
- pruning
re . N ) 0 A . .
6 10 14 18 22 26 8 12 16 20

i3

Stand age (yr)

Fig.102. 000000000000 O0O0O0OOO

Annual changes in stem volume in control and pruned stands.
000000000 (@)ooo(@)0o0o00:xo0o00oooa
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that on control stands (P-1-P-4) after pruning.
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Table29. 00 0O0O0O0D0O0O0O0DOOOUDOOO0OOOOUOOOOODOOODOOODDODOODODOODOO

goooooooooobooooooooooo

The stand age and the number of pruning operations reached to the height of pruning for first log, and

growth difference between control and pruned stand after two years of pruning.

Tuy b KfbBRE s BRITHEE SRX EEITHLR D= BMEDE A*
Stand Height of  Age Number of Difference Ratio of
pruning pruning b 3 B2 BE stem volume

(m) (yr) (No.) DBH(cm) Tree height(m) (%

P-1P 3.8 11 2 1.2 0.8 68

p-2P 3.4 11 2 1.3 0.3 69

p-3P 3.9 10 3 1.5 0.5 68

P—-4P 2.9 12 4 - - -

P-5P 3.4 10 3 1.2 0.7 69

P-6P 3.5 11 2 1.3 0.5 70

pP-7P 3.7 11 2 0.6 0.2 81

pP-8P 3.2 11 2 0.5 0.2 82

*U000O0000o0o00O0o00bOOo0O0obOOoO0OoOOoOoUbDOOOoDOOoO
Percentage of the value on pruning stand against on control stand.
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Table30. 000000000000 DOO0DO0OO0OOO0O00OO0O00OO00OO0OO0DOOOODODOOODOOOOOOOOOOOODODn
The number of pruning operations, height of final pruning, and growth difference between control and pruned stand.

7ua v b B BRI EEEFTD AMBEEEITHRDOE B REOE &*
Stand Number of Final pruning Difference Ratio of stem volume
pruning s BT E i MEER BE [N 3
Age Height of  Age DBH Tree height Minimum At final
(No.) (yr)  pruning(m) (yr) (cm) (m) ratio (%) %)
P-1P 5 18 6.5 25 2.8 2.3 48(20) 53
P-2P 5 17 5.8 25 1.6 0.8 54(19) 69
pP-3P 4 12 5.1 20 0.9 0.4 62(14) 82
P-4p 4 12 2.9 20 1.9 1.5 47(15) 58
P-5P 4 12 4.7 20 0.6 0.9 66(14) 91
P-6P 4 15 5.6 17 2.2 0.9 60%x(17) 60
pP-7P 4 15 6.0 17 1.0 0.4 75%x (17) 75
P-8p 4 15 5.4 17 0.7 0.4 TTx(17) 77

*0000000bOOo000O0OO0o0O0OOoO00ODbDOoOO0DbOOOoODOOOODOo
Percentage of the value on pruned stand against on control stand.

()OO0 Stand age. **0O 00 0O Smallest ratio.
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Table3l. 00000000000 OOO0ODOOODOOO
The combined data numbers of reciprocal expression and correlation ratio.

7aw b % B X Control stand

4T HK  Pruning stand

Stand [ERE=T B D& FHE LAY
Combined Range of Combined Range of
numbers  correlation ratio numbers correlation ratio

P-1 16 0.72~0.93 16 0.62~0.90
P-2 16 0.64~0.94 16 0.57~0.91
P-3 13 0. 85~0.90 13 0.68~0.92
P-4 13 0. 86~0. 96 13 0.73~0.95
P-5 13 0.90~0.97 13 0.36~0. 89
P-6 8 0.83~0.94 8 0.64~0.91
pP-7 8 0.92~0.98 8 0.78~0.90
P-8 8 0.87~0.97 8 0.90~0.95
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Fz4k e H/D-ratio

Fig.106. 0-000-000-0000000000000@OD0)000000000O0
Relationships between diameter at breast height (DBH) and H/D-ratio in control stands (P-1, P-3 and P-4).
000000000000 Numerals in the figure show stand age.
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Relationships between H/D ratio and stand age, and between H/D ratio and mean tree height (P-1-P-4).
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Relationships between stem diameter increment at the upper end of clear length for two growing seasons after the

pruning and diameter at breast height (DBH).

000000000000 Numerals in the figure show stand age.
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Table32. 0O DOO0OOODO0OOODOOOOOOOOODOO

The stem-crookedness and the stem diameter at the lowest retained branch for the pruning operation for the

production of boxed heart with knot-free timber.

HADORE & BEREE

Pillar size Non—crooked stem

BHh2RY 2cnDHE

Crookedness is 2 cm

BHENY 3cndBE

Crookedness is 3 cm

(cm) Rt Pk

recovering

B

Knot—-free Annual ring Knot-free Annual ring

YRR IR B
Knot-free Annual ring

recovering recovering
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The stem-crookedness shown per 3-m-long section of a stem.
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Table33. OO0 O0OO0OOO0ODODOOOUOOOOOODOOODOOO
gooobooooooooo
Relationships between mean stem diameter
increment at the upper end of clear length and mean
tree height at the time of pruning.

AT B R AR TEERKR  (cm/2yr)

SER R R Stem diameter increment

Tree height Hifr#E%k 16 18 20 22

at the time  Site index

of pruning (m)
2.5 — 2.3 2.7 2.9
3.0 2.1 2.2 2.6 2.8
3.5 1.8 2.2 2.5 2.8
4.0 1.6 2.1 2.5 2.7
4.5 14 2.0 24 2.6
5.0 1.3 1.9 2.3 2.6
55 1.1 1.8 22 2.5
6.0 — 1.7 2.2 2.4
6.5 — 1.7 2.1 2.4
7.0 — 1.6 2.1 2.3
7.5 — 1.5 2.0 2.3
8.0 — 1.5 1.9 2.2

0000 ecmOOOOOoOoooon
The case of pruned up to stem diameter of 4 cm.
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Mean D B Il bt
BT (m) C
Clear length
BHTERE (m) P
Hight of pruning
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Removal leaf
BxEM R (t/ba) P
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ERHFH (/) I(’

Stem volume
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@o s e
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7. 9.
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1 4.
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ot ;e
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5.
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3.0 2.0 25020 -
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Fig. 113.000000000000(00003,80000ha)0000018000)
An example of pruning management for the production of knot-free, square-sawn heart timber of
Sugi stand. (Stand density: 3,800/ha, Site index: 18)

C: 0000 Control stand P: 000 OO Pruned stand
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9.600000
0000000000000-0000000
000000000000 0-00000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000015000 16cm0000000
00000020000 26cmO000000O0O
000000-000000 1.2cm(Table 29)0
2.8cm(Table 22)0 00000000 0.4cmO 0
0000000002cmO00000
000000000000000000000
0-00000000000000000000
(Fig95)0 0000000000000 0000
000000000000 000000-000
0000000000000000000000
0000000000000000000000
00000000000000003.80000
00000001860450/ha0 0000000
0006500000000000458012.00 /ha
oooo
000000-0000-0000000000
0:0000Figl0l0D 000000000000
0000000000000000000000
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Part of pruning
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#ITHEE  Height of pruning (m)
»

# =  Tree height (m)

N

.0
Stand age 7 9 11

=[N

EEE (m) Cx 3.3
Mean tree height P¥ 3.
MEERE n) ¢ 3
Mean [ B H P 3

HFB (m) (o}
Clear length
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Height of pruning
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P
C
P

3
3
1
1
5
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71T (n'/ha)

Stem volume
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0 23 48
0 20 36

w SN 20

— o oo
Ealiasodbied =]
SRR

5.1 5.8 6.6 -
4.5 30 8.6(2L5) -
3.5 2.5 3.1016.1) -

131 168 207 257
87 107 130 159

Fig.114.0 000000000000 ((00002,70000ha)0000017000)
An example of pruning management for the production of knot-free, square-sawn heart timber of Hinoki

stand. (Stand density: 2,700/ha, Site index: 17)
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gobboooooobooooboooooob
g-gobooboobooboob-b00bon
gobooboooooobooooooooooob
gbboboobooobooobooboobab
o0o0oo0ooO0oDOopoOoooos3sgooon
oooo00ooDbOobOO0oOobDOoboOooDl5000
00000000 1760%ha000000O0O0O0O
01120%ha0 640%ha0 000000000
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Studies on Pruning for Knot-free Timber Production

TAKEUCHI Tkuo
Abstract

In Sugi (Cryptomeria japonica) and Hinoki (Chamaecyparis obtusa) stands which are main plan tations in
Japan, pruning has been carried out to produce boxed heart and large-size, knot-free timber, which are highly
valued. However, knot-free timber is not produced in sufficient quantities for production purposes in the magjor
pruned stands, because a pruning management system suitable for production purposes has not yet been
established. In this study, pruning methods for utilizing the effect of stem diameter at the time of pruning (the stem
diameter at the lowest retained branch in the pruning position) and pruning intensity were examined. Pruning was
then carried out by the pruning method derived from this examination, and changes of crown structure, biomass
and growth in the pruned stands were examined. The purpose of the study was to establish accurate a pruning
management system based on these results.

The actual conditions of branch diameter and number, which influence the horizontal distribution of knotsin the
trunk wood, were investigated. Branch diameter in both Sugi and Hinoki stands increased with the increase of
stem diameter of the retained branch, and in lower density stands. In repeatedly pruned stands, branch diameter
tended to increase with the stand age. The number of branches which developed on the stem was 30-40 per meter
stem length in both species. There were no differences between stand density and growth stage. However, the
number of living branches on the lower side of stem whose diameter of 4 cm decreased to around 20 per meter
stem length, because the small branches died early. It was shown that the difference of branch diameter and
number in the stands did not hinder the production of knot-free timber when pruning was repeated from a young
age.

Knot analysis was carried out using sample trees of Sugi and Hinoki which had already been pruned, in order to
analyze the pruning start time and the intensity required to obtain the pruning effect. It was found that the length
of branch stub and the radial thickness for annual ring recovery increased as stem diameter increased at the time of
pruning, in the cases of commercially pruned Sugi and Hinoki stands. The relationship between maximum length
of branch stub (L: mm) and stem diameter at the time of pruning (x: cm) is expressed by the following equation for
both species:

L=-0.05x?+2.63x-6.68
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Using this equation, by knowing the stem diameter at the time of pruning, the production start stem diameter for
knot-free timber can be estimated. The relationship between maximum radial thickness for annual ring recovery

(P: mm) and stem diameter at the time of pruning (X: cm) is expressed by the following equation for both species:
P=27.55Ln(x)-33.43

From this equation, by knowing the stem diameter at the time of pruning, the production start stem diameter of the

annual ring recovering timber can be estimated. These results may be widely used to

decide the stem size at the time of pruning for production purposes.

Average values of crookedness per 3-m section of the stem from 0.5 to 3.5 m height above the ground were 1 to
3 cmin Sugi and Hinoki stands. Stem crookedness is a difficult problem for boxed heart with knot-free timber
production. Therefore, the size of stem crookedness and length of branch stub must be considered in order to
decide the pruning time. For example, in order to produce 10.5cm boxed heart with knot-free faces, the pruning
should retain stems of diameter 6.0 cm or less at the height of the lowest branch when the stem crookedness is 3
cmor less.

The quality of 3-m-long 10.5 cm boxed heart from the first and second logs of sample trees taken from a pruned
Sugi stand was studied. The average distance from pith to the center of the boxed heart cross section was 2.5 cm
(butt end) and 1.6 cm (top end) for the first log. It was 1.3 cm(butt end) and 1.4 cm (top end) for the second log.
Though the basal crook part of the butt end of the first log was cut, the distance from pith to the center was still
larger compared with that of the second log. The distance from pith to the center is discussed in relation to JAS
(Japanese Agricultural Standard) grade and the number of knot-free faces on the boxed heart. Basal crook and
eccentric growth have a great influence on the lower part of the first log, but even the latter has little influence on
the second log. From the quality of boxed heart, it was confirmed that earlier pruning time (stem diameter at the
height of the lowest branch) of the first log that produces 10.5 cm boxed heart with knot-free faces was
appropriate. In the second log, the distance from pith to the center was small, and pruning at the time of 7.0 cm or
less was satisfactory.

Wood discoloration caused by the pruning operation is a serious problem. Wood discoloration occurs when a
wound in the trunk of the tree is caused by the pruning operation. Such wounds can be classified into three types:
wound in wood, peel-off and wound of split-stub. The main cause of wood discoloration is wounds in wood
caused by pruning tools such as hatchets, axes, sickles and saws. The development of wood discoloration is
influenced by the length of the wound in wood and the peel-off. The length and the area of discoloration tended to
increase as the wound length in wood increased. The radial thickness of dis coloration tended to increase as the
wound length in wood increased, but the radial thickness became approximately constant over a certain value of
the wound in wood. Wood discoloration of mature trees was extraordinarily large in comparison with that of
young trees. These results suggest that in order to avoid discoloration by pruning, the branch must be pruned
carefully without making any wounds which might cause discoloration. However, commercia pruning usually
cuts off the branch collar, in which case it is difficult to avoid making a wound in the trunk and resulting wood
discoloration. Wood discoloration occurs only in wood that is older than the time at which the wound was
inflicted. It does not appear on sawn timber the surface of which is knot-free. Therefore, the pruning time was the
most critical countermeasure against wood discoloration: pruning should be executed when 10.5 cm boxed heart
with knot-free faces, whether from short-rotation or long-rotation stands, can be produced.

In order to clarify stand conditions suitable for the pruning, the effect of the difference between site quality and
stand density on the growth after pruning was examined. In low density and low site quality stands, the recovery
of leaf and branch biomass which was reduced by pruning was slow, and the reduction of growth was larger than
that of high density, good site quality stands. Therefore, stands with high-density and good site quality are suitable
for pruning. The relative value of stem growth for two growing seasons after pruning may be roughly estimated
from the ratio of leaf removed, the difference of stand density or its site quality, though the value was not clear. In
accordance with the increase of pruning intensity, the distribution ratios of leaf and branch became larger, while
those of stem and root became smaller. The reduction of net primary production of whole portions was not as
large as that of stem under the influence of pruning.

Pruning was carried out a pruning time (stem diameter at the height of the lowest branch is 6.0 cm or so) for
producing 10.5 cm boxed heart with knot-free faces clarified in this study. Regarding the degree of pruning,
branches are removed to the height of the stem diameter of 4.0 cm, and thisis repeated 4 to 5 times every 2 years.
Changes of crown structure, biomass and growth were investigated in repeated pruning of Sugi and Hinoki stands.

The largest difference between the control and pruned stands was 1.9 - 3.7 m in mean clear length, 3.0 - 6.7 cm
in mean stem diameter at the upper end of clear length, and 2.0 - 4.8 m in mean crown length. The largest
difference of the high density stand was smaller than that of the low density stand. The stand ages which showed
the largest difference were amost the same as those in which the mean stem diameter at the upper end of clear
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length and mean crown length of control stands showed the greatest values. Afterwards, these differences did not
increase by repeating the pruning. The ratio of leaf biomass of Hinoki pruned stands just after the time of first
pruning to that of the control stand was 26 - 88%, and the ratio was as high as that of the high-density, young
stand. The ratio of leaf biomass of Hinoki pruned stands remained almost constant when the leaf biomass of
control stands reached more than half of the leaf biomass on the closed control stand. For example, the ratio in
Hinoki pruned stands which stand at a density of 2300 - 2700 per ha, was 30 - 35% just after pruning, and around
65% just before pruning. The ratio of leaf biomass of Sugi pruned stand just after the time of first pruning to that
of the control stand was 42%. After reaching 13 years old, the ratio of leaf biomass was 27% just after pruning,
and about 60% just before pruning.

In accordance with the increase of total pruned stem length, the removal amounts of leaf and branch became
larger in Sugi and Hinoki pruned stands. The remova amounts of leaf and branch in Hinoki pruned stands were 9
- 15 ton per haand 5.5 - 13 ton per ha respectively, in the case of pruning to a height of 3.5 m for the first log. In
the case of pruning to a height of 6.5 m for the first and second logs, removal amounts of leaf and branch were 19 -
33 ton per haand 15 - 26 ton per ha respectively. These remova amounts increased in high density stands. In a
Sugi pruned stand of density 3,770 per ha, the removal amounts of leaf and branch were 16 ton per ha and 4 ton
per ha respectively, in the case of pruning to a height of 3.5 m, and 46 ton per haand 12 ton per ha respectively, in
the case of pruning to a height of 6.5 m.

In the case of pruning to a height of 3.5 m for the first log, the largest difference of growth between control
stands and pruned stands appeared after 2 years from the last pruning. The largest difference was 1.2 - 1.5 cmin
mean stem diameter at breast height, 0.3 - 0.8 m in mean tree height in Hinoki stands of stand density of 4,000 or
less per ha. In the case of pruning to a height of 6.5m in these stands, the largest difference was 1.9 - 2.8 cmin
mean stem diameter at breast height, 1.1 - 2.3 m in mean tree height in Hinoki stands. Pruning for the production
of 3-m-long 10.5 cm boxed heart with knot-free faces from the first log was estimated to retard the harvest time of
the pruned stand from that of the control stand by 2 - 3 years. For the production of second and first logs, the
harvest time was estimated to be retarded by 5 - 6 years in comparison with that of the control stand. The
reduction of growth by pruning was smaller in high density and good site quality stands. Especially, stands of low
site quality will not be suitable for pruning, since the growth decrease caused by prun ing was remarkable.

In both the pruned and control stands, the larger D (stem diameter at breast height) was, the smaller the H/D
ratio, and the relationship between them was expressed by a reciprocal expression of each stand age. The mean
H/D ratios of every stand had been declining with height growth in the early stages. The ratios then touched
bottom except in both the pruned and control Hinoki stands of lowest site quality. The stand age which showed
minimum mean H/D ratio, and the value of its ratio, were almost the same in pruned and control stands. After the
mean H/D ratios showed the minimum value, the ratios of pruned stands became higher than those of control
stands. The ratios of pruned stands rose most after 2 - 3 years from the last pruning. That time ratios were higher
than 5 - 10 compared with the control stands, then the ratios approached that of the control stands. From the
changes of mean H/D ratios in the pruned stands, it was considered that the resistance to meteorol ogical damage of
pruned stands will not be drastically lower.

The growth of stem diameter at the height of the lowest branch (Db) for two growing seasons after pruning
increased, as the dominant tree, for younger stand age and higher site quality. In order to produce 10.5 cm boxed
heart with knot-free faces and knot-free, large-size timber,pruning should be repeated every 2 years as follows.
In the first log, so that Db remains 6 cm or less, Db at the pruned height should be 3.0 - 3.5 cm for first pruning
and 3.5 - 4.0 cm for the second pruning and beyond. In the second log, so that Db remains 7 cm or less, Db at the
pruned height should be 4.0 - 4.5 cm for first or second pruning and 4.5 - 5.0 cm for the third pruning and beyond.
The pruning is the management of Db which controls the horizontal distribution of the knot. Therefore, the
intensity of pruning should be proportional to the growth of individual trees.

In this study, pruning time for producing knot-free timber and stand conditions suitable for the pruning were
clarified. Changes of crown structure, growth and H/D ratios, etc. in repeatedly pruned stands were clarified.
Using these results, pruning management examples for producing 10.5 cm boxed heart, knot-free timber in Sugi
and Hinoki stands were presented.

K ey wor ds: biomass, crown structure, discoloration, growth, knot-free timber, pruning
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Photo.1 D0OO0OOOOOOOOOOO
The occlusion of branch stubs after artificial pruning of Sugi mature stand.
(000000000 000DOO0
Non-discolored branch with saw.
(bh)0ODOOODODDODODOODOOO0O0OO0DD0O000o0o
Discolored and decayed by downward wound of branch stub with saw.
(c)00000OO000000D00O0DOOO0DOOO0DOOOOOO
Discolored and decayed by rough pruning with ax.
godobobooooboboooobuoooooooo
The length of branch stub shows from solid line to brach end on the photos.
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Photo.2 OO OOOOODOOODOOOOOODOOOOOOO
The radial sections of Sugi natural pruning occlusion and convex base of Hinoki branch.
(00000000000000000003cmd000000000 37mmO00000
The occlusion of natural pruning Sugi mature tree whose branch diameter was 0.3 mm and length of branch stub was 37 mm.
MOODO0ecmO0O0000O00O0O0
The good growth branch whose branch diameter was 10 mm.
(0DO0OOO0OOoooo
The branch whose growth had begun to decline.
(b)(c)DODDDOODOODODOODOODODOODODO
The broken lines in photo(b) and (c)show a cutting place not inflict a wound on stem.
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