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One of the radial sections of the branches
in the sample tree of C. japonica at Ashiu.

IR 37. 6 om D 55
B DTEHDB, DX IHNT
FE & lE Ui,

The sample tree is one of 5i-year-old C. japomica at Ashiu whose height is
25.8 m and the DB H. is 37.6 cm.

This branch generated at 5.6m above the

ground when the iree was 10 years old. By such means of making the radial

section of a knot as this, the process of the generation, growth, stunt, death
shedding, and occlusion of branches were measured and analyzed.
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Branch growth rate (4¥5(2)/¥u(2)) and leaf photosynthetic efficiency
toward the biomass increment of branches (4¥g(2)/¥p(2)) in each
vertical stratum in the experimental stands. Both of the stands ave
those of 9-vear-old C. jeponica and C. obtuse at Ujitawara.
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Branch growth rate (d¥p(2)/Yp(z)) and leaf photosynthetic efficiency
toward the biomass increment of branches (4¥z(2)/¥r(2)) in each
vertical stratum in the experimental stands. Both of the stands are
those of 19-year-old C. japonica and . obluse at Umanoriyama,
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(1) and (2) on the figure denotes respectively the stratum with
the largest increment of branches and that with the largest

weight of leaf-bearing branches

[3 3.4 5 i ! 2. 4 i % 3 %,
O 3 015 T AWaonR
KA B BEH% of each figure Right side of each figure
Number ©f Diste on o e, R R B
ratic’ (%) e R T B
¥ Number of branches Erag;h increment

wranches
%
T leaf weight
X E
Branch weight

LArEE 2 DAl

(50cm) &L OREDE

Fig. 10 B4 X EHOERRDER
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of the sample trees in 19-year-old C. japonice stand at Umanorivama.
Ml O BEOVERE, (2 GHrIoNEBEERRT,
(1) and (2) on the fzgme denotes respectively the stratum with
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weight of leaf-bearing branches,
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Locus of the canopy structure in accordance with growing

stage of 55-year-old C. japonica at Ashiu.
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Relationship betw een the diameter of the cross
section of a branch by pruning and the vear
from pruning to occlusion. -—55-yvear-old C.
faponica at Ashiu-
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Branches on the figure are those on the helght
from 1.0m te 5.2m above the ground.
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Relationship between the stub length by
pruning and the length to occlusion.
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Branches on the figure are those on the height
from 1.0 fo 5.2m above the ground.
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Relationship between the stub length by
pruning and the vear from pruning to

occlusion, ~—b5-year-old £, jupenica at Ashiu—
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Branches on the figure are those on the height
from [.0m to 5.2m above the ground.
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Height above the ground (M)

Relationship between the diameter of the
g8 section of a bLranch and the stub
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length by pruning.
—3b-year-old
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Branches on the figure are those on the hei
from 1.0m to 5. 2m above the ground,

(SR e <2

L Japonice at Ashiu-—

Year from pruning to occlusion in
cach height above the ground., —55
vear-old C. japonica at Ashiu-—

Sample branches on the [igure are lmited
to those whose diameter is wmore than 10
mm and the stub length is from 2.6 mm to
4.2 mm.




3

A

- Dh

Frvg &80 HUER O 14458

KELHDLEND, T BBE S ITRLPNBERARD TN S,

3{‘;1/#'” T &3 @ 3

ROBEBHED BRI

B & ORI BBEES Y

TR DA E

Fig. 2513, Ja#ic

R OB OEAD DBN LW OH B L EEY

{m)

Tree height

L T T S ST/ B TS
 F Radi (cm)

R Valley side Gl Mountain side
Fig. 26 # RO OSAIRE—HESBEL 2 4 —
Distribution of knots in a stem. --55-year-old
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Emmple branches (kno’m) on the figure are limited
to those whose diameters at the thickest parts are
more than 15 mm. The solid lines and the broken
lines dencte the live knots and the dead knots
respectively.
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Table 3. # ¥ 5 W B &
Pxperimental stands and the increment
N SRR A AR
it il i i Hosm R I:Tﬂ: ;ﬁ 1/})\ o /(f S
B = Place Experimental - ‘im. er %d tage of
Species ace plot experimente rcmovcd leaves
trees
i 58 6]
Z, + 2 29 35
Cryptomeria 3 47 51
Japonica 4 22 64
5 16 87
L) x B ; 5 )
Chamaecyparis s 17 17
obtuse Ohara N 10 0

o o s (oo e o [5] Samie : 51°%,

RofkEE Removal e o e B e 5] Sarmie s 64%s
Ratio of leaves:35%.
0o weees B com J Same :87%

75¢
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Fig. 29 B b0MELz0RD
BORE
Relationship between pruaning
intensities and stem growth
after the pruning,
BB LR PN
The expenmmtal piots are those
in a 10-year-old C. japonica stand
at the time of pruning on Ogose.
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following pruning operation

e
Average annual inc remoni of each plot for three vears
following the pruning ope m{ion

D and H at the
time of the pruning |

operation V4EYs  First year Second year 247 Third year
D (cm) E H (m) D {cm) ‘ H () lH () I3 {em) H ()
; i i o
7,065 G2 | . 60 0.71
7,66 %) ; Q.3
7.63 5. 81 0,F
7,65 5,53
7.70 5. 40
6,30 0. 65
5, 30 0.75
6,11 0,57
6,15 0,71
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- 9nk Relationship between pruning
w intensities and stem growth
[}

after the pruning.

WL 144E 00 ok 7 bk
The experimental piots are those
in a ld-year-old (. obfusa stand
t the time of pruning on Ohara,
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Table 4.

Iotensity of pruning, its external indications, and the reduction rate of stem
increment in the experimental stands

()
\jthutJlﬂgl : Stratum Ayerape Reduction rate
bt L i Vx\(,jro.e"g"t'&-‘ﬂ;_rat,unw ;**i.f'h';he P”wm»ra‘tiodf?i o OF stem incre-
,‘1‘6;{“' with the {w rool Height ! age of lenoth 5% the ment at two
Species Place b sfvr' o largest brfliz of the | the re- b}‘,'liéfw;. o ears later after
h ATIRE eaf LD AN riming: moved | 20CRES O the pruning
ranchi o on oy ncres (m) | leaves the stratum
weight ¢ 8 ment S Cors o the prun- 1k 7
{m) (m) (1) Lol ight @ For- For-
| frruda 18 mula 2F
|
. ¢ 5}
gt e 1 ™
/‘.;U o Gl ! 48 I8 21
Bessho ~0, 8 ¥ o i
Vay] L fhls]
! i
i I8} O
St s} u
A .8 P L3 . 51 o 5
Bt B 3 [ e R 64 I a1 .
Cryptomeria 87 o 63 74
Japonica : :
1. e j
N ;,i i i
Lo o i
Obuse | 8 i v "
| :
SRR 2.8 3.8 4 o} ¢
Ujitawara, ~4 31 ~4.3 3 : 0 2
R Jiit 303 3.3 7 58 10
-0 Ohara ~3.8 1 ~3,8 17 2 a4
- 41 :
Chamuaeey-
paris obtusa - o o 0
o, 3 3 32 13 8
* g Y202 AL 1 iy
Reduction rates of stem increment were caloulated by the formula 1 and 2 in 1-2-(2).

5O LD AT D TS T EEIRT,

The stratum where the clearing in branches is beginning.

o Iaponicd
i

Relationship between

removal ratio of leave

Reduction rates of stem
growth in DZH on this
figure are based on the
formula (1) in -2-(2).
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_ BEIRIX O DYH (49) — BHRIX O DYH (£)
XD DEH (o) — X O DUH (o)

SRR D DAH (1) —# KD DYH W) (2)
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RIS B T2 HEDTHDHH, BRI I AROH THEOREINRENS X
S CH B, Fig. 31 MM 2 &, EOMREEN 0% < SVETTHNIEH O R LR
WETTTIN, FRELEICE S EROBRBHDEOBMESRAMICKE RL CEDDD B,
B/ FT0WNTRARIDI S, Eaiiioi BEROR DR RN
12 BRI BA0~50% ¢ SVORIAETT, AFL b/ FEENTHB L,
A CEOBRRBETIE L/ +OORE
1-2-(3) BHOREICHTHEOERE O HNIEE
1-1-(1) 2T 1-1-(2) BT, BOREBICHTABILORECEREL WS 25 Bt lLi
BS BT OKEFT b ORRE & @O RICE T A RBE R T 8% LD R A
TR EE Ao LT AL D WRLERIROMSE NG &
BAT BBV I B Y 21T HRE S OE, HoKB» SO LD ERD, B, ¥R
BARF LD Tabled TH B, LB L, FLAEDRFRICENT, BIT b
LIEDF B LD ESRE Sl 194E 0 25 (Table
1) T, #oRLED] 150 < HNTIE - T HABHT P LS BROREICES LT 250N
e (Fig. 82) L, i EEDS B0~T0% & BITTE T
LB LT HREB O EBOREBICHES LT A RES sk (Fig 33), 27 L Fig. 33 Thhs ko
RO LR B0, hPFhIEERLTOTE, HORROHFOFIEEER
Ao HL?, Lo TENLOHRSRO
O ERFR, THOBRERELTCO AL GEL »TE, AT LLBOK
WEHDHEW S TH Do

A EINT, BEOBEORIR HIEE, ol

PO LT AR OT, LT

¥

((

AE/PNENOT, DS

VERDOHFH, RAFOETNL DK EOENL

WhoTEAoNdhEdh%E

TV o foe UL, B

D 55 D 2 F (Table 1) THEOH -

WELTORNENE S,

PR AAY 3

i3

ool EDERNASCTS, TORREER

* mi&li)v} B8RP L U R—=PDENFNTNS I5TDLISTHD fo i3 1 DEDTH L, LEMB-THRDE
SRETIET %,
DB H($9) of control plot—D2H(¢) of any plot
D2H(is) of comtrol plot
where g expresses the time at two years later after pruning operation.
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Lo SR BE S Growth rate of branch (%)

Fig. 32 Ho)
111948
Relationship between the growth rate of
a branch and the ratio of the clearing
length to the whole length in the branch,
—{ne sample tree in 19-vear-old C. japonica
stand at Umanorivama-—
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oo BRE Growth rate of bramch (%)

Relationship between the growth rate of
a branch and the ratio of the clearing
length to the whole length in the branch,
S-vear-old O, japonice at Ashiu
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Table 5. BRI & A )ik

TRFIT e SO AT D RIS RT

2 (BHCREE2 B oL EERRA 24F
WK 8T 6i LR &k,

I BB ofnck T, Bk

B HEORENCE T, OB EENDTE AT 28

kA LD
Lo RAgds L, oo 7T

LI s, BT BTimosn

F#h s (Table

%, B0

.‘H‘,

- R B AR S

Experimental plots and treatment method
—G-year-old C. japonica stand—

AR L R e Tre ot
Y & e Number of e Treatment method
Experimental plot |experimen- o
ol tree 1969, 11 1971, 11
ok o I b L B s U
24
No pruning No pruning No pruning
LRKOM 80 em T TR B, | kOl 160cm FTET B
ER SRR B 7 DWF O 181 em, = D DY
. s All of the trees were pruned | All of the trees were pruned
Pruning of up to <% up to 80 cm from the ground, | up to 160cm from the ground.
the same height Average tree height was 181 | Average tree height was 355
cm then, cm then.
LAl B 120em LB L AAROBEEN 160em TILA
Low PN V‘h Do
i i O DI § 187 cma T OO OISR 328 em,
Pruning of leaving 24 All of the frees were pruned | All Df thc trees were pruned
the same canopy | so as to leave 120 cm of can- | so as to leave 160 cm of can-
length opy. Average tree height | opy. Average tree height
was 187 cm then, was 328 cm then,
) B OASRAZEHML, A | WEOKFEAZE®R, IS
MO = ST IARIB LG BIT Bo Table 6| A LH CBHT B, Table 6

Uekel s
Pruning whose
intensity is
proportional to
tree size

Pruning where the ratio of
the removal is large in large
trees and small in small trees,
See the Table s,

™)
e

7/‘X \\0

Pruning where the ratio of
the removal is large in large
trees and small insmall trees,

See the Table 6.




KBS 5

3

Photo, 2

7y O i f ! BRI AL 01

Jeponica experimental stand to make
methaods and

A part of the O
clear the refationship between pruning
stand structures,

The pleture was taken just after the second pruning
which was done 4 years after the planting.
FTEZNROMN Fay (-4)

.

%
The ezperimental plots where the examination to mwake
clear the relationship between density effects and pruning
ones was performed have almost same structure as that
of the plots in this picture,

b 24 A

i Table 5, Photo, 20

RO~ 2ETADTH




B MERBEBHTRYE F23 s

Table 6, ZKOWEKEY A 2 (D) ONHO
Standard deviation in the distribution of tree size (2H) and

B & A 67, 1 , *
Time measured (Year, Month) 67, 1 68, 11 i
I DA DEE
T Value of D*H (m) ; FRHEA 2
A e Standard Standard
WMo K [ deviation | _Average | Joviation |
Experimental plot T Min.~Max. i
wx el o 6.69 5 95 16. 4
Qontm] plot (No pruning) 2. 50~-11. 70 o :
FET B X 6. 15 1
Plot for the pruning of up to the same - 5 2,17 20.9 1
height 2,61~9,71
P¥ot for she prunmq whme mtenglties 2. 80 y " 5 26,2
are proporticnal to tree sizes. L 0.8~-140.6
BHEE 2SR TEITER £9. 2
Plot for the pruning of leaving the same |- 2.52 s 25.0
canopy length ! 34, 5152, 3
Table 7. SEOWEY 4 X (D2H) OVIEEMEIRN —AF 5 ELMI—
Average fluctuation index in the order of tree size (D?H) in each
experimental plot —5-year-old C. japonica stand—
~~~~~~~~~~~~~~ - TR '

e Period | 67,11 68, 11 69,11 70,11 71,11
wOB K e ~68, 11 ~769, 11 ~270,11 ~771, 11 ~72,11
Experimental plot T
KRIX (BTH L) " 92 7
Control plot (No pruning) 6. 58 ‘ 3.3 | 42 b9z 175
Plat for T’ne pruning of up to 7,08 3.67 3,33 3.17 2,67

the same height
‘MMJ} EREN N T 0] 24)

Plot for the pruning whose 6.42 4,58 6,33 2.17 4,75
intensities are proportional to
tree sizes

BERELE L ERTEITHK
Plot for the pruning of leaving 6.75 3.17 4,75 1.83 2,08

the same canopy length

FLzcbont Table 7 & Fig. 35 Thbo N HOREDHEANBAMLT, 200 BOI NV~
AT b E b b

OISV =TI B I bR LSBT BRELSD LA LA) &, #S2E B LTHED
FIC LTHER R ET 2 HIETH 5o

COS W T DRETS HREATE S &, EHICE BI85 ARSI OBEREDIAD Lt A3 <
(Fig. 34), MEOVHIEAEGERINES < nokY 2 (Fig. 35) HEDTIIR]
B3 Sl MARBIOET 5 RERMKL NS BBEOERES ETHALTO 20 S Do
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others in each experimental plot ~5-year-old C. japonica stand-—
69, 11 70, 11 7,1l ! 72, 11

. )
E i

Standard

Herh

Averas s Standard Standard Standard
Arverag deviation deviation deviation deviation
338 1,890 2, 480

GEA-CE] 68T

736

1,820

483

8639

Bl 7o (Fig. 35).
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Fig. 34
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State of the scattering in the distribu-
tion of [PH in each pruning experi~
mental plot. —8&-vear-old C. japonica
stand-——
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Average fluctuation index in the order of DY in
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Table 8. JARDA & SITHFIL 22k

Pruning operation whose intensity is proportional to tree size
—S-year-old C. japonice stand—

Pruning whose intensity
is propertional to tres size

LB ¢k Treatment method
AR 1 1971, 11
Number of B ’
experimental o T BB ga’,:; TRy it . BFEEE
tree Tree height| Height of gfr‘iut:;)r;g Tree height 3 gﬁggin(g
(em) ’prumng (cm) h@igﬁ»ﬁ (Zj&‘) (em) prunmi (cm) height (%)
! § 228 130 58| 320 140 44
2 ‘ 136 0 0 : 110 36
3 200 100 50 190 55
4 195 Q0 46 200 57
S 169 35 21 165 50
4] 140 9] 0 165 60
7 200 100 50 57
8 160 25 16 57
9 190 70 37 61
10 135 Y] G 32
11 176 5 26 61
12 180 28 59
13 218 7 80
14 31 56
18 58 58
16 35 50
17 100 47 58
18 27 53
19 55 49
20 55 61
21 58 57 : 61
22 41 09 120 39
23 23 18 140 4
24 g 41 340 170 50
1
feid) 1969/ DEFT BT ; REBDICH s TV EH TN LH S
B, akE LTEEEN fA>C"/

Remark) In the pruning at 1%9 although the order of the raties of pruning height are not perfectly
proportional to the tree heights, they could be regarded as heing proportional as a whole.
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Table 9. B #7544 BB © KR &
Pruning method and stand characteristics
B ERFT D (1969, 11)
B B ‘
5 4 (A 100m?) Just before pruning :
fAN (] H
Plot Density SE ¥ B () SR E (m)
(Number )
/100 1m1?) Average tree Average canopy
height (m) leng rth (m)
|
oM OB OB oy »
Close f)lanting and pruning 624 L8z £ 63
T3 A . i -
Close pEJan.ting and no pruning 624 L.74 k.56
o B HT B . : ,
Sub-cloge planting and pruning 812 t.e9 169
=N oo . -
Sub- dn'«:e plantmg and no pruning 812 Lot b7
O BB g 5 7
Sub-sparse planting and pruning 1oe 1.87 1.87
L L 0 156 1.81 181
Sub-sparse planting and no pruning - : n
Sparse planting and pruning 39 73 L73
oM omoaom . o5 5
Sparse planting and no pruning 99 L.95 193

Table 10. & # i & 8 © W 3 25 EHEK -
Stand characteristics at the final measurement -5-year-old C. japonica stand—

& fg: ( S : STt o B i N
. : LTI ply e | H S —:]‘P%’H i ha b0
X % (/i&ﬁégsizm ) (cm) (m) (ecm | B (m®ha)
Plot (Nm}lbe};  Average tAverage iree A\,era se %tem Stem volume
- /100 m?) diameter (cm) helght () ‘volume (cm?®) per ha (m¥/ha)
Close planting and 624 2,75 3.30 1,072 67.0
pruning |
f fl e 0
Close planting and 624 2.78 3.28 1,132 70,7
no prumng
T A ,
Sub-close pldntmsf 312 3. 15 3.25 1, 399 43,7
and pruning
R
bub~c10se plantmg 312 3,62 3.62 1,943 60,7
and no pruning
BT B )
Sub-sparse planting 156 4,27 3,51 2, 488 38.9
and pruning
HE 4
Sub-sparse planting 156 5.24 4,18 4,272 66. 8
and no pruning
WM BT B
Sparse planting and 39 5,67 3.75 4, 240 16,6
pruning !
MOEE fE onom
Sparse plantmg and 39 3 9. 06 4.77 9,786 38,1
1o prining ‘




BiET 5 OB

CEY BN

BT b Ji e A B ARAERRG
at the time of pruning —35-vear-old . jeponica stand—
First pruning (1969, 11) Sz kT (1971, 11 Second pruning (1971, 11)
My % i B Al IpL
Just after pruning Just before pruning
B my j )k ’

) atio of C(IHUIJS ! (m) Ratio of ((mopv
(Average) length in no Avers e Average (Average) fength in no
canopy length | pruning plot to height (m) umopv canopy length | pruning plot to
(i) that in pruning gh length (m) (m) that in pruning

plot plot
1,10 0,71 I 69 1,97 i, 60 0.76
1,56 2.91 2.1 2,10
e 0. 62 2, 86 1. 60 0. 64
1,77 3,07 2 2050
1. 1C 0. 61 G, 28 2,581 1, 60 0,47
1. 81 3. 53 3. 38 3,38
1.10 3,70 3,07 1. 80 0, 40
1,98 3,96 3,96 3,96

o oo WS FH T N pruning plot

s @ 85 5T 5 X Priming plot

stem {cm}

,4
diamater o

&,

e 16° 3 i :

£ 0 _ 07 i
AW EE (f\o,/l()') me )

Stand densify

oo S5 LR No pruning plof
S g
10

Pruning plot

k) A - 3,
10
AW FIE Stand denz

ity (o A00mT)

and

Reldtmnship b&twceu density

pruning ones in association with average
stem dlameter on g b-yvear-old C. japonica
stand,

o b BT

I~4-(2) BOEHpE
A et

10 e TS

gl

Relationship buwun density effects and
pruning ones in association with average
tree height on a S-year-old C. japonica
stand,
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e e SEILVEE No pruning plot
o ggeomon 12575 @ Pruning plot
_idk
§ Fig. 39 i BT A L EFr bR
= ! @%%WX$OF£MﬁW
2 P . . °
%é Relationship between density effects and
2k pruning ones in association with average
,a*‘“ stem volume on a 5S-year-old C. jeponica
&
& stand.
§ 1 .
Z 0 107 10’
ABER  Stand density  no./i00 mé)
A Lice G ORI E
X I RET B X R D &3 YV TOFMEEEKIZERE L, H {375k,

SEHERIE T E DL D IO BE ADERLICEOR

pact

THEDERSBPTH AL, MK BT S

OB E - C, ALK ST B OR
Fig. 38 Th 5. O Fig. 37 OO

&@%M{gwﬁw%ﬁ,Wi AOETIC AT A DI E D, TRBEDENDIC K 2 AR
B b, SEHIRIRO 0 M TR, B B E IR B RN ED,

TIHBWERE, MIrbsitsbic BT BRI 548, BRI
ERET R LICHKE - TR &b b,
Close planting and pruning plot
o 1969, 11 1972, 11 i, AP - T & O
¢
e THLicb Dy Fig. 39 TH 5, Fig 37, 380
g o M L5 LR,
g 4
& S U7 Py il {f"
&y LIRS
T . e
3 5 7 2 1 1020 30 40
D H {omt.m) D24 (et m) {} Bl Z D /\{ @fﬁ(
mmmmm e o e e e e Kig &k <, IR R A EEMIE . TO
EREABRY &S B, MMED
Close planting and no pruning plot

1969, 11 WAL DB -Z A

10 . gl
2! i, S.l 'HJ’ Li"/‘\’v WLLU\»' 2N, 'ﬁi'»ﬁ’l }VAJfJ f’;;y‘] &
5 1972, 4

§ . Y A & NS ZIN-Y it Ir Y
) mﬂnﬂ% N ~ N . .

4 ; LTSS, R ER SRE £ ’v

; | mzzvdzeaEmE LTBY BN

i I~ R

(3) BEEEMS ORI
BATBIIC BT, KXk

b
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Frequency

Frnnsesneosotamebaccmmoortonoseorsalarscossotuooroad
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Sti— T
Distributi(m of tree size in the pruning FORELAR DK

plot and the no pruning plot on a S-year-
old C. japonica stand.

AR B 7 o H PIMICORSE U el g R

1%

Tl kDT

KOR&EZD

The part of the oblique lines on the figure B he ERFOLSIHITHA Dl LTHITE,
denotes the trees which died within 7 months
after the final measurement (1972, 11). EEORHR P RS = B 75D MM D
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Table 11, #EOHEOEIHITS (71,10 B 1HEHOEOWIIOEAL
5 4L A F RS —
Relationship between stand density and the progress of thﬁ occlusion of branch
stub one year after the pruning (71, 11) on S-year-old C. jepanica stand

|
. . | AT TP SR 7, e =
MR K i (/ 4 ST ERABL | B
e w1 ' ; omplete Patial e, -
Experimental plot occlusion | ocolusion No occlusion) Total
1 0 1 3 4
2 3 0 2 5
3 2 2 1 5
Close planting and f; ; 8 f g
pruning ’ 11 5 9 25
44 20 36 100
1 o] 1 4 5
AT 2 3 2 3 8
R
kT 5 X 2 : 1 1 ;
Sub-close planting 2 )5 5 é g
and pruning oS Tatal no. 12 10 15 37
H 2 Ratio (%) 32 27 41 100
1 2 4 5 11
i 2 1 3 8 12
FET B 3 2 2 7 11
Sub-sparse planting ‘A; 21 é 7j 1 8
and pruning &atAs Total no. 1 15 30 56
it # Ratie (%) 20 27 53 100
1 4 & 3 12
B Y T R T 2 4 3 2 9
BB B K 3 5 5 i 14
Sparse planting and 4 6 4 ; i“‘
pruning = e 2 - !
= SEPARY Total no. 23 25 12 60
H Ratio (%) 38 42 20 100
100r 19724 (L H Ik o X 5 e A BIIOHE L,
Tl H, YO ED5E GhLTns b G
ABTEL), UWIHMROFEEK AL W-7tbdD
& (FeaBihd), BLUR 23500
T 50k @ 3 BRI s T OB
o
& B UBEE S A% o TR U T8 - 720
i No occlusion WO SO Y O%AS BRI Table 11
" BEUFig QOLBEDTHE, BALORELH
010! * 1:')2 1(33 Lféc (D[”lj’ V?J\ jﬁ; B@ Izgﬁ - "3%1/4 DD & ».Lxgi/f)\
B EE B Stand density (10,/10060)
e B0 IE EHROIABE A SO0, B b AL,
Fig, 42 HEa i’é:mk%ﬁ"ﬁ%;:1£ﬁmcg&

. R FATH I X AR AE ¢ 10 o
UJ'CUUCDy I T r? j)“/i\ A {/J L/T&JL‘ o QI%%‘X/J’} < AR S M

Relationship betwaen stand density and &, OB TR A 1 EH oA R/
the occlusion ratio of branch stubs one B, EEILHIC D, KT BIC & AR AN C 1 D)

yaar after the pruning on a S-year-old
C. japonica stand. DFN LS, TS 2 00RTFBPAEED Y

\3<
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ERT BT ) ERMERECLD (1-4-(4)), SEMENEC R
R d IR BITWIY OT, BTSRRI R PR S ORB I T RN E R 5 L i
B%o Liply CZTWIEEEFIEOLDORITS &, ok LT EEORITEMELTP S
B0 2TH LY, WA BITHIcEY 5 &, HHHAN T o M VO ER 5%
Beidh 5080 L XN TING, — I PRI E L LTI NPT EDT
TEODH EBPLEDLITH S,

g) MEOBIL » BT B & E & OB
D, FEEEOUILEENZLALTOE L]
B EBEORRP IR L & 2 AT, MEOHTE
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L OMES kL BTE
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FLT, ERF0 R MARBEOREE LR ORER LT, 1, EH LM F e
DOEAPUR A S il 2 70, BE ORI L 2 REACE Mo R T, BEREBRTE
B b, FNORPIALCHBOREOBELDEERTS - o ZNOOFHELS, HEOHSAH
LTS (BXUWE) KE-T, REERHLYZ CLRTHRELONG,

hY BEO&OOMMADLHOETS L FR o UTHARRT 2720, B b2iinscs
BH %o

) BRI OMERIT - SRR OIEAUAE D LTH S LIS OTIOMMIZAL & LAEL,
BT FOHMOEIERIIT N2 2 0%, 204 FRERET LD, ADFORLHELLNET

BB MTiehhn s o 2 M8 0,
AT O E BRERE Lah, HITbaRe LTok
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LA FRE ENLEEDHE

IS s F MR DR B (1-2-(2), #7250, ERiENR, colohicoing 77 xE R
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1728 SHGHT B 2SO B 0% B IR T 2 2T 2 003, HASERIRE SO TR S hiiE el
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Relationship between the size Diameter within which pruning should be
of a log and the squared timber operated in relation to the required timber
which is produced from the log, size,
Table 12. EAMEFH OV A4 XDOBIRK i~ x em QEMAMREHEHTH LD
bl . e n olmm o cerie S - e g
Relationship between the size of squared i, 2ORDED LD I B TR B AR

timber and log

ERELOPEEZCAHLD, Fig. 4 Thh bk

ERM DR & Sl DRUIR IR )
The length of one| The least diameter at IE, i xem OEMBFHBHTH 2 nic
side in sguared the top end of the
timber (cm) corresponding log (cm) IF#FOKDFED v em OHEFERECH ARICIL,
9.0 13.0 TERE DRDORBESWPCIL - T BT EHPL
10,5 15,0 TTH Do
12,0 7.0 . . 3 )
SLWHITE R GBAAZTTOES (D&, B

. M alofEoRs () 28E LT (Fig. 44)
Table 18. REMOKS S Lffrsg~ap 0 PHORRORE (O RBELT (e 40

DKEFXOBRK BATB AT S~ aBOHE () 2RO D5 Lk
Relationship between the size of squared L5k 2
timber and the stem diameter within which - uee
pruning should be done Y=x--20{+1")

BT B ORI OB HE AL BSOS SO B O BT, 4

AT OB X Stem diameter at the LHREBHORESPROMBIORE, %
The tength of one | top end of the corre- DD EIT Y TN GBI THED DD,
side in squared sponding log without T o

timber {cm) bark within which prun- R 2 D E TGRS s B S 7 b 2 A
ing should be done (cm) T S ; ) T

OINEARTOWRORFT S %0 %AS BiZ 1em

9.0 6.0
10.5 7.5 BTG TH L WEBALELE Lem, KRED
12.0 9.0

EXZ 0.5com & LTHNY A ZOFEHAEL

DI, PIEEEENTTREI bR T LY

NIER SRR A AL Table 130 EBOTH S,

HMARLHNET 2T BICEBOTH, BHORSZHICEHCENT, BT 6 dWnETE
Bo fe b AFIESm OMASEETHENE, BREITHHIE 3m ORMET T ARBD R EDRIEE

PLEDREAE BE A0, FOHR LBRMARFELNFFEO 55 FAED AX OMER & LU BT R
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An example of puuh for pruning management for the
production of a knot-free squared boxed heart timber of
C. jupowica, —An example on the area whose soil condi-
tion ig good in Miyama-cho, Kyoto prefecture——
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pruning management for the production of a polished
log of € jaeponica. —An example on good s

An example of

in Kitayama areg—
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An example of guide for pruning management for the production of a
polished log of C. japonica. —An example on good soil in Kitayama area—

WELMNC ADSELBONRDB OIS CEdibinb, £ UTHBEN 244D, H34m TENT
BOBEEN 10.5em K20, TOBETANETAAKIEDOBONEZ E0bh b,

Wi, 3moHkO 2 %@KHE%%Hmemﬂ%ﬁ%j'@aw,6mﬁ%7m®%%ﬁﬂ<
DI EBMIARE ZAZ A MBI 2RSS 5, T4bE, 2BFERICITE - BT b,
B Sem BBATHLOLITEONTNE D TESL. OHEKEITEOFEBNTHY, Pk
LR 1950 2040, Lombb2m OFIOHN A LTBISLERS >/ Lhbid,

Fig. 46 1B T BRI B EBHEAR {, RO 3EOET b RHEES 1 m AABTIZ X ORED
LDTEL. L LML, HABEKOEROELEDAN LR, LT UKRELIEELNENELYOR
EOBEHbECLE L, BHEOETHPHICEFICRETET b RRAREV BB A H L B,
BT LIshis, Fig. 46 2 200E LTHR Lan i oA S
MEEDORD ORI BERD 1 DT AV ERTIEHETE 5. WAL LT, BERY A THY, ba
H720 7,000 AREL LT 25 4T ha H720 3,500 k50 HHOFTEHNZHS D& LTE
WTHHHa
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BIERCENIBRS B2 &b b,
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bR R b A EMBEOHIT BE LT, ) T
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Study on the Technical System of Pruning

Takao Fopmortt®

{(Summary)

Introduction

In Japan, pruning technigues have been devised and progressed since several hundred
yvears ago in many areas where forest management have been well advanced. However, it can
be said that the universal technical system of pruning has not yet been really established,
Two reasons might be pointed out for this: one is that the freits of the fundamental studies
on pruning have not been sufficiently accumulated both in guality and quantity, and the other
iz that the meaning of pruning in the system of forest management has not been sufficiently
understood,

Therefore, 1 have been performing biological basic studies on pruping®e02  and here,
I want to put them in order, adding new results of the several experiments and then to

discuss the technical system of pruning on the basis of the fraits of the fundamental studies,

ts of two parts: the biological basic studies are contained in I and the

studies on the application of them to the practical pruning ave in 1L

This report co

In this report, the definition of pruning is as follows: Pruning means only artificial
pruning here, and it means that dead branches or live branches are removed from the base
of the branches., This Is the principal definition of pruning, and the definition of the pruning
in common forest managements is that dead branches or live branches are removed from. the
base of the branches and upward in a canopy for the purpose of producing good quality
timbers, the control of the distribution of sunlight in a stand, and others,

The word ‘ production’ is used both in itz biological and economic aspects in this report,
The objective tree species in this study are limited to Cryplomeria japonica and Chamaecyparis
obtuse, which are most common and important coniferous species for the production of timber
in Japan, Outlines of all the experimental stands at the time of begiuning the examination

are presented in Table 1.

-1, Production structure and growth of a tree in a stand
In this chapter, production structure of the tree, the relationship between canopy structure
and stem growth, the process of developing branches and the occluding them in the stem,
and others arve analyzed,
' Experimental method
The experimental method of -2, is explained in this, too. The experimental stands for
1-1. and I-2. were chosen in the uniform even-aged artificial stands. In each area, experi-

mental plot was laid out and it was divided into sub-plots, where about 80 frees were included,

Received Auvugust 13, 1974
(1) Kansai Branch Station
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When the experimental stands were chosen, care was taken to see that the soil conditions all
through the stands were uniform as much as possible (Table 1).  From one of the sub-plots
in each experimental stand, 15 to 20 per cent of the trees were chosen and cut down in accor-
dance with the frequency distribution of tree size. In the experiment of -2, each pruning
of different intensity was operated in each sub-plot without the sub-plot for the cutting. After
cutting down a sample tree, stem, branches, and leaves were measured in each vertical
stratum of 50 cm or 1m, and they were analyzed.

The amount of each tree component per ha was calculated by the following eguation:

Y=Y GIG
where ¥, ¥/, G, and ¢’ represent the total amount of biomass per unit area, the biomass of
the sample trees, the total hasal area per unit area, and the basal area of the sample: trees,
respectively, ‘This method is based on the assumption that the ratio of the sum of the biomass
in sample trees fo that of the whole trees per unit area is in proportion to the ratio of
respective basal area.

The increment in a stem: and branches was calculated using the stem analysis method
(Swarian), Three to five sample branches were chosen from each stratum of a tree canopy
in proportion to the branch size frequency distribution. Each branch was cut into the seg-
ments of 5 to 30cm from bough to twigs in proportion -to its length and thickness. The
number of the annual rings at the base of a branch and that of the stem section from which
the branch shoots were compared in order to distinguish the lack of the annual rings in a
branch (stunted branch),

Knots were analyzed on the basis of the premises which are shown in Fig. 1, 2 and Phote.

1. The sample tres for knot analysis is a 85-yvear-old C. japonica at the stand on Ashiu in
the north of Kydto prefecture (Table 1), "When the sample tree was planted, the stand density
in number was 3,000/ha and it wag 600/ha when the sample tree was felled. D, B. H, tree
height, and clear length of the sample tree were 37.6cm, 25.8m, and 17.7 m, respectively.
21 yvears after the tree was planted, pruning was operated up to 5.2 m above the ground where
dead and stunted branches existed.

Small samples of tree componeénts were oven-dried (80°C) and weight values were con-
verted to dry and expressed as dry unit except the special notice in this report.

Biomass increment in one yvear was defined as follows in this report, Leaf biomass in-
crement”  The amount of new leaves which generated during the latest year and the amount
meagsured directly at the time of the investigation, Branch biomass incremient: © The amount
of new branch part which added during the latest vear and the amount measured by branch
analysis at the time of the investigation. Here, the losses of biomass increment by shedding,
grazing, or other causes were disregarded, The abbreviation of the names of tree components,
and the definition . of growth rate and leal photosynthetic efficiency toward the branch incre-
ment are presented in Table 2,

Results

1~1-(1)~(2)  Canopy structure and stem growth

Since 1 expressed the .canopy structure of a tree individually in the previous report®, I
intend to express canopy structure by the unit of a stand in this report. As the component
trees in each experimental stand were fairly uniform, the canopy structure expressed by the
unit of a stand was considerably similar to that expressed by the unit of individual component

tree.
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Ihe amount of the disiribution of leaves (¥5(2)), branches (¥z(2)), and branch increment

(4¥p(2)) per ha in each veértical stratum: (2, 50cm), and branch growth rate (4¥5(2)/5(2))

and { photosynthetic efficiency toward the biomass increment of branches (4¥p(2)/yp(2))
are expressed in Figo 3 and 4. The stratum with the largest leaf amount is found around

the middle strata in C japonica and that of € ebfusa is found around the middle strata oy just

ahove the middle strata, The stratum with the large branch amount is found just below the

middle strata in C japonica and that of C. oblusa is found around the middie strata orv just below
the middle strata. The stratum with large branch increment is found just wbove the middie
strata in C japonica and that of O ebfusa is found avound the middle strata or just above
the middle strata.

The curves on the right side of Fig. 8 and 4 express the branch growth rate in each

vertical stratum, which decrease from hig‘hm‘ to lower strata both in C. gaponice and C. obiusa,
efficie

the bilomass increment of branches in each vertical stratum, which decrease from higher to

yrthetic v toward

The curves on the left side of Fig. 3 and 4 the leaf photos

lower strata in € joponica and do not vary:.so much from higher to lower strata in O obfusa,

Now, 1 intend to assume that the amount of organic matter which moves from leav

a certain stratum to the stem and adds there s proportional to the amount of organic malter

which adds to the branches in the same st

por

umt on the way from the leaves to the stem,

a
Admitting this assumption, the stratum with the largest branch increment is contributing
most to the growth of the stem and its stratum is always above the stratum with the largest

st osum of branches and leaves,  This

hranch amount ‘or even the stratum with the lar

&

tendency is more distinguishable in C japonicae than in C obluse. 1t might be important for

pruning {o recognize that the stratuwm with the largest leaf-bearing branches is uot the

e

stratum’ where orpanic matier is being most produced, which is alwavs found above the

stratum with the largest leaf-bearing branches both in Cojaponica and in C. oblusa,

Assuming that the ine

sment of leaf-bearing branches in each stratum s independently

functioned by the leaves of the same stratum, the degree of the leaf photosynthetic efficiency

toward the biomass increment of branches in esach stratum would be made clear by showing

the relationship between the accumulated leaf biomass and the accumulated blomass increment

of branches from- tip to bottom stratum- (Fig.:§ and 6). The leaf photosynthetic efficiency

toward the biomass increment of branches decreases apparently as it goes to lower strata.in

O, japonica, but the relationship between them is approsimately proportional fromy tip to

bottom i O offuse.  Stem hiomass increment does not ingrease so much inlower sirata in

7 and 8). This

S

the canopy in comparison with the increase of accumulated leaf hiomass (Fig,

o

tendency is more obvious in O japowica than in £, obiusa.

The distribution ratic of leaf bloms and branch one and thely blomass increment in

gach stratum of the sample trees are expr in Fig. 912, And on the left side of these

figures, number of branches and age branch fength are also expressed,  In: C. japonica

the curvesof hranch bioma g and branch biomass increment are similar to cach

other, and edach one is separately placed from bottom upward, respectively (Fig. 9 and!10),
I . obtisa, these curves are alse similar to each other, and the curves of the leaf biomass
and ‘the branch biomass intrement lie one upon another, and only the curveof branch blomass
s would be

places separately downward (Fig. 11 and 12). Recognition of these tendenci

iraportant as the basic knowledge for the application to practical pruning, And the tendencies

of the number of hranches or average branch length in the left sides of Fig. 912 would
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also be helpful to know the character of canopies,

I-1-(3)~(8) Growing stage of the canopy of tree and its structure

The locus of a canopy through the tree growth was analvzed by means of stem and knot
analyses (See the ewperimental method of 1-1). The locus of tree height, the height of the
exigtence of stunted branches and dead ones through the growing stage of the sample tree
are shown in Fig. 14, The branches in Fig. 14 and 16 are limited to those having a diameter
at the base of more than 2cm, and those that are in mountain side and valley one of the
stem (Fig. 1). The reason why the diameters were limited to those of more than Zcm is
that the branches having diameters of less than 2 cm would not be important as the component
of the canopy structure of the sample tree, and the apparent difference of the characters
among branch sizes were not recognized in relation to the production of branch knots (Fig.
17~21). And as the characters of the branches in the right side and the left one of the stem
were intermediate between those of mountain side and valley™, the branches in the right
side and the left one were excluded from the figure in order to avoid the complication which
is brought about by the crowd of circles on the figure.

The curve of the tree height, the highest line of the appearance of the stunted branch,
that of the dead branch, the lowest line of the appearance of the stunted branch, and that
of the dead branch have similar forms, and thev keep almost the same distances from each
other in the vertical way through the growing stage of the sample tree. Judging from Fig.
15, the highest line of the stunted branch coincides approximately with the stratum having
the largest leaf-bearing branches, Also in Fig. 15, stem growth of the sample tree in radius
in the latest year is ocutstandingly large around the middle of the canopy, and the maximum
point is found just above the point of the first appearance of the stunted branch. And the
stem growth in radius decreases straight with a gentle inclination from the lowest part of
the canopy downward. This tendency has been pointed out by Unaxa®®, Hosor ¢f al2, Lavson®®,
Satre e al™, and others.

Fig. 16 demonstrates the time stage from the stunt to the death of branches through the
growing stage of the sample tree. Average number of years from the stunt to death of the
branches is 3, but the start of the stunt of the branches in the mountain side is a little earlier
than that in the valley side, and the years from the stunt to the death of the branches in
the mountain side is a little shorter than that in the valley side. The longest period in the
condition of stunt is 8 years.

1-1-(6) Occlusion of branch stub }

The relationship between branch diameters and the vears from the death to the occlusion
of the branches is expressed in Fig. 18, but mutual relation is not found between them,
Average time from the death to the occlusion of the branches is 13 years (Fig. 18),. The
relationship between the lengths from the death or the cutting of branches to the occlusion
of them and the corresponding branch diameters are shown in Fig. 19, but mutual relation
is not found betwsen them. The average length from the death of branches to the occlusion
of them is 3. 4cm. The closed circles of Fig. 19 denote the lengths from the removal points
of branches by pruning to the occlusion of the branch stubs (the lengths of the stubs are
limited to less than 5 mm). Mutual relation is not found between the lengths for the occlusion
of the stubs and the diameters of the corresponding branches, and the average length is 7 mm
(Fig. 19). There is no mutual relation between the diameters of the cutting faces of the

branches and the lengths or the vears for the occlusion of the stubs (Fig. 20 and 21).



O the other hand, mutual relation s {found between the

and the lengths for the occlusion of the stubs, amd there is the tende

¢y that the length for

the occlusion of the stub increases in proportion to the increase of the length of the stub

(Fig. 22). The same tendency is also found In the relationship between the lengths of the

.

stubs and the vears for the occlusion of the stabs (g, 28). Conseguently, it can be said

that the length or the time length of the occlusion of a stub is largely affe

el by the length

of the stub in this examination, [ recognized the same tendency in another examination®®,

and the same tendency was pointed out by Rowend™ with Phaus and Picea, by Wasena of o109

with C. obtusa, and Taxsoorm et @ with C joposice.  Therefore, this tendency could be

regarded as a general fact so far as coniferous species are concerned.

Fig. 25 expresses the velationship between the ne

ssary vears {or the completion of the

occlusion of

B

¢ stubs and the height above the ground in the sample tres. - The stubs on
g. 25 ave Hmited to those that were pruned at the same thme and whose lsngths are {from
2.0 1o 4. 2mm. Fig. 25 sug

the s

sste that the time length for the completion of the occlusion of

tubs tncreases as the distance from the canopy increases downward,  This would be

supported theoretically by the which was shown in Fig. 15, that is. the stem growth in

radius decreases as the distanc

es downward,

from the canopy ing

Model figures of the distribution of knofs in the

stem of a coniferous tree on the typical

Fig. 28 on the basis of the results of my

cases of pruning and o pruning are drawn as

analysis (Fig. 26, 27), with reference to the veports of Kowed®, Kano of @f 3081045 Hppy

and Popae™,

12, Effects of pruning on siem growih

The effects of pruning on stem growth and the methodology of its experiment have been

reported on several O japonice and €. obiusa stands aged around 10-years-old at the beginning

of the experiment!®, On the basis of umption that (1) the ratio of removed leaves to

the whole leaves of the ir e as the indication of pruning intensity, the ftness
of (2) the ratio of pruning height to the tree height and (3) the ratic of pruning length to

3

the canopy length fo the (1) were examined

in the previous report™®,  As the result of the
examination, it was concluded that the (2) can not be used as the indication of pruning in-
tensity unless it is compared among the stands whose conditions such as stand density, stand

s

age, and others are the same: on the other hand, the (3) can be used as the indication of

pruning intensity when a little error iz allowed,

According to the results in the previous report’®, as the degree of pruning intensity in-

creased, the growth of tree height and stem dameter (I B H) decreased during the two

yvears after the pruning operation all through the experimental stands both in €, japonice and

in € obtusa, From the ¢

b5

x

rimental stands which were shown in the previous reporiil

each experimental stand of O, juponica and O obfusa was chosen, and the

stem growth of the

stands were continuously meuasured, the data being wsed in this report (the method was

written in the experimental method of -1, in this report and in the previous reporth®),

In . japonica as the d

gree of pruning intensity increases, the diameter growth decreases

293, and this tendency is the same as that of the height growth {

L2y, In O obiusa,

these tendencies are not so remarkably observed, for the range of the ¢
S » 3

orees of pruning
intensities in the experiment of C. ebfusa was smaller than that of O Jjuponice (Fig. 30). Even

30, the tendencies in the diameter growih and height ons in O obfuse arve similar o thoss in
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C. japonica,

And in my other experiment in a young C. japowica stand (Table 1, Photo. 2), the stem
growth in height and diameter in the pruning plots are smaller than those in the no pruning
plots all through the stands whose densities are different in each other (Fig. 37, 38).

So far as the growth in diameter is concerned, there is no doubt that it is approximately
in reverse proportion to the degree of pruning intensity®?214080008080112  (n the other hand,
there are some who assert that moderate pruning promotes the height growth of stem??99106),
and many foresters believe in it in Japan, although those insistences are not based on the
data of reliable examinations. However, not only from the results of my examinations, but
also from the reports of Tanr®®, Youne ef al3®, Taxanara®®, Sraraven’®®, Kawans ef alf®,
Henman?®, Korira ef al59,; and Bareer?, it could be concluded that in general the height growth
decreases by the effect of pruning in coniferous trees,

The relationship between the removal ratio of leaves and the reduction rate of stem
growth in D*H is shown in Fig. 31. The reduction rate of stem growth was calculated by
the following formula.

_ D2H (t5) of pruning plot — D*H ({) of pruning plot
D2H (1) of control plot — D2H (#y) of control plot

Here, D, H, ¢, and {, denote diameter breast height, tree height, the time at the pruning

1 o

operation, and that two years after the operation, respectively.

1-3. Variation of stand structure caused by the difference of pruning methods

As the growth of individual tree is controled by pruning operation, it could be expected that
the stand structure is modified by pruning in accordance with the cxbjéct of forest manage-
ment, 1 have reported the result of the examination to make clear this point'®, The same
subject shall be discussed here on the basis of the examipation which was continuously
executed after the previous measurements!® on the field of Kansal Branch of the Government
Forest Experiment Station, Momoyama, Kyoto. The experimental plots and treatment method
of this examination is shown in Table 5 and other precise explanation of the method was
written in the previous report®,

The process of the standard deviation of D2H in each treatment plot during five yvears
after the planting is shown in Table 6 and Fig. 34, and that of the average order fluctuation
index® of DA is shown in Table 7 and Fig. 85. Four kinds of pruning methods could be
divided into two groups from the results on Fig. 34 and 35. The first group consists of the
pruning of dead branch (no pruning is identified with the pruning of dead branches) and
the pruning of up to the same height through all trees in the stands. The second group consists
of the pruning whose intensities are proportional to tree size (Table 8) and the one operated
s0 as to leave the same canopy length through all trees in the stands.

When the pruning in the first group is continuously operated, the standard deviation in
the distribution of tree size continue to increase more ocutstandingly than those in the case
of the second group in this experiment (Fig. 34), Here, the increase of the standard deviation
means that the range in the distribution of the individual tree size widens, In the same way,
the average order fluctuation index of tree size in the first group continues to decrease, while
those in the second group increase next year after every pruning operation in this examina-
tion (Fig. 35), When the average order fluctuation index of tree size decreases, it means

that the difference of the size between larger trees and smaller ones continues to become
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farger. Those results above-mentioned were the same as those of the previous reporti®,

Consequently, it might be concluded that when the pruning in the second group is con-
tinuously operated in a pure evenraged stand, the trees in the stand would become more
uniform in the size than those in the case of the first group, The application of this phe-

nomenon to the techniques of forest management would be useful in some cases.

1-4. Relationship between the effecis of stand density and pruning
I tried the examination to make clear the following subjects In association with the ve-
lationship betweern stand density and pruning on a young artificial model stand of €. japonica.

4]

1) Stem volume increment per definite area.  (2) Average stem incregment in a stand,  (8)

Retention of extremely high stand density by pruning, (4) Stem taper. (3) Time length for
the occlusion of branch stubs.

Experimental method

On March 1968, the experimental stands were made by planting 1-2 C. jeponica seedlings
or the wursery of Kansal Branch, Government Forest Experiment Station in Ryotoe city,

All of the conditions were uniform except stand density when seedlings were planted. Four

nds of different densities were established as shown in Table 9. At the ends of the

second and fourth growing s conducted on

i

sons (November, 1969 and 1971), pruning

the hall of each different density stand and the other half of each stand became the no-pruning
{control) plot. Fach plot consists of 10x8=80 trees, and the height and diameter at 60cm
above the ground of 6x4=24 trees were annually measured, These experimental trees were
surrounded by the trees of two rows which were also treated the same as the experimental
trees,

Branches were removed from lower strata so as to leave the same length of canopy all
through the plots and all through the trees in a plot. At the time of the first pruning, the
canopy length left was 1.1 m and at the second, it was 1.6 m. The details on the pruning
operations are shown in Table 9.

Final measurement was carried out at the end of the fifth growing scason after the
planting (March, 1873). At that time, seven or eight sample trees were cut down for the
measurement of stem volume, care being taken that the sample trees cover evenly the range
of the distribution of the tree sizes in each plof, The relationship between D?H and ¥V was
obtained by analyzing the sample trees in each plot. Here, 17, #, and V denote stem diameter

at 60cm above the ground, tree height, and stem volume, respectively. The volume of sach
Fosd § " i

tree was calculated by putting each D2 into the formula of D2H -~V relation in each plotio,
The formula was obtained by using the least square method,

Results

The stemn growth and others in each plot at the time of the final measurement is shown

in Table 10,

(1) SBtem growth per definite ares

The total stem volume per definite area CUV/100m?®) at the end of the fifth growing
season after the planting is shown in Fig. 36, from which the following are found. The
total stem volume per definite area increases as stand density increases both in pruning plot
and no-pruning one, The total stem volume per definite area in a no-pruning plot is larger
than that in the pruning plot on the same stand density, and its difference between bhoth

plots increases as stand density decreases, In other words, the difference of the total stem



volume influenced by the difference of stand density is larger in pruning plots than in
no-pruning plots,

1-4-(2) Average stem growth in a stand

Fig. 87 expresses the average stem diameters of the experimental plots in relation to the
effect of density and pruning. The average stem diameter increases as stand density. de-
creases both in no-pruning plots and pruning ones. On each stand density, the average
stem diameter is larger in a no-pruning plot than in the pruning one, and the difference
between both plots increases as stand density decreases in this examination.

Fig. 38 expresses the average tree height of the experimental plots in relation to density
effect and pruning. The tendency of the average tree height in Fig. 38 iz similar to that
of the average stem diameter in Fig. 37, although the tendency of the average tree height
is not so remarkable as that of the average stem diameter, Fig. 39 expresses the average
stem volume of the experimental plots in relation to density effect and pruning. The tendency
of the average stem volume is similar to those of the average stem diameter and the average
tree height. The effects of pruning and density are more clearly observed in stem volume
than in stem diameter and tree height,

1-4-(3) Retention of high density stand by pruning

The pruning methods in this paragraph are limited to the second group of the pruning
method in 1-3, that is, the pruning which is operated so as to leave the same canopy length
through all trees in a stand or the pruning whose intensities are proportional to tree sizes,

The frequency distribution of D2F at the time of the first pruning (November, 1969)
and that one vear after the second pruning (November, 1972) are compared in Fig. 40. The
frequency distribution of DM in both plots at November in 1969 were similar to each other,
but those at November in 1972 changed to dissimilar, that is, the range of the distribution
of tree size in the pruning plot became smaller than that of the no-pruning plot.  Consequently
it can be said that the pruning effect concerned with the retention of high density stand is
recognized so far as this examination is concerned,

1-4-(4) Stem taper

As the indication of stem taper, ¥V was adopted in this examination’™, The average
values of non-taperness in esch plot in relation to the effect of density and pruning are
shown in Fig. 41. The average values of non-taperness increase both in pruning plots and
no-pruning ones as stand density increases. And the average value of non-taperness in a

pruning plot is larger than that in the no-pruning plot on cach stand density, and its difference

between both plots increases as stand density decreases, Judging from Fig. 39, it could be
said that non-taperness is more influenced by density effect than by pruning.

1-4-(5) Time length of the occlusion of branch stubs

The time length for the occlusion of a branch stub is principally affected by the length
of the branch stub and the diameter growth of stem (1-1-(6)). The diameter growth of the
stem is fairly affected by the stand density and pruning (I-4-(2), Fig. 37). Branch diameter
is also affected by the stand density®, And when pruning is carefully conducted, it is rec~
ognized that the length of branch stub is propertional to the thickness of branch®, In this
experimental stand, the following examination was performed for the purpose of making clear
the relationship between stand density and the time levgth for the occlusion of a branch stub.

Five sample trees in the standard class were arbitrarily chosen from each different
density stand in order to trace the time leagth for the occlusion of the branch stubs which
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were pruned carefully in November, 1971 (Table 11). The degree in the occlusion of branch
¥ . . g

stube wag classifi

into following three.  No occlusion: The section of a branch stub has
remained completely exposed. Occlusion: The section of a branch stub has completely occluded.
Partial occlusion: The section of a branch stub has partially occluded.

The relationship between stand density and the time length for the occlusinn of branch

stubs is shown in ¥

. 42, The reason why there is no simple inclination in the relationship
between stand density and tinxe length for the occlusion of brauch stubs in Fig. 42 would be
explained as follows: As stand density decreases, diameter growth of a stem increases, and
the thickness of branches increase, which causes the increase of the length of branch stubsi®,
Omn the other hand, as stand density increases, diameter growth of a stem decreases and the
thickness of branches decrease, which causes the decrease of the length of branch stubse,
Namely, opposite factors are concerned with each other on the time length for the occlusion
of branch stubs,

On Fig. 42, the situation of the achlevement in the occlusion of branch stubs in the sub-
sparse plot is worst. The following cause could account for it. There was enough space in
the sub-sparse plot to have been able to expand the branches and they could easily grow
igger before the pruning operation, but soon after the pruning, the plot was closed by the

canopies and since then, the diameter growth rate of stem decreased in the plot,

11 Pruning effect and its application for practical use

In the forest m

tical

anagement the principal object of which is timber production, the techs

system of forest management is required in accordance with the aim of production. Pruning

technigue is one of the partial techniques which compose the technical tem of forest

management, S0 it s essentially d

with

rable that pruning technique be discussed in association

the whole technical system of forest management, but as it is too b

a subject to discuss

in this section, the discussion is focused mainly on pruning technigue itself except for inevitable
aspects in this report.

-1y Utility and purpose of pruning

1) Production of good quality timber, 2) Control of the distribution of sunlight in a

a

stand. 3) Control of the size of individual tree or stand (I-3). 4) Prevention of forest five,

3y Prevention of damage by blight and harmful lnsectsd 26 -28308D408675 - 6) Frevention
of damage by crowned snow for the tree whose crown is asymmetric®, 7)) Prevention of

damage by winds for the tree whose crown is asymmetrict®o 8) Utilization of branches.
2) Promotion of the efficiency of the works in a stand,
Among the utilitles and purposes of pruning above mentioned, the first two are regarded

as the importay

part in a technical system of intensive forest management. Especially,
the pruning for the production of good quality timbers is essentially a most important technigue
in the intensive forest management for the effective production of good quality timbers,

-2y Quality of woaod

In this report, the factors of wood guality are defined as those which are essentially
influenced by the conditions of the stand and the techniques of forest management. With
reference to the excellent works of KanoS2~36180040420480450 I amg gf @f B3840 Mavee-WrerLin®®,
and Porsr™), what kind of wood is superior in guality for timber was checked as follows:

A non-tapering log has high vield percentage and there s liitle chance of a cross grain



— 70 — #

BT

appearing when it is saweds™*  In coniferous trees, when annual rings are in a certain
width (usually from 1 to 6 mm#®), summer-wood percentage is higher and specific gravity
is larger than otherwises®s®398960  This means that the wood whose width of annual rings
are uniform in a certain width is excellent in strength.  The wood which is under the canopy
(shell) is stronger than that which is in the canopy part (knotty core), and the wood which
is in the canopy part tends to warp more easily than that which is under the canopy®1s,
In general, as the percentage of the total area of knots in a definite area of a timber
increases, the strength of the wood diminishes®#®, Such a wood with high percentage of
knots is regarded as a fault, for as fiber strike is disordered by a kunot, cross grain teads to
appear easily, From the viewpoint of the utilization of wond, straightness is absolutely
necessary for a small size log, and it is also desirable even. for a large size log. As the
result of the summary above checked, good quality wood is defined as follows so far as this
report is concerned, that is, the wood which is superior in knot-free, non-taperness, straightness,
and whose width of annual rings are uniform in a certain width.

I11-3) Pruning technique

in this report, pruning technigue is confined to the management of pruning technique
as one phase of the technical system of forest management. How to use tools and how to
climb a tree are excluded from the definition of pruning technique so far as this report is
concerned.

-1 Management system of pruning

{ intend to classify the management system of pruning as follows in accordance with
the aim of the production. At first, the production of small size logs and that of large size
ones are distinguished, and the production of small size logs are distinguished into the
production of squared boxed heart timbers and polished logs for pillars*,

As it is not easy to produce squared hoxed heart timbers or polished logs for pillars as
thinned logs from a compound storied forest (1I-1-(2)-2)), the pruning management for the
production of those logs is confined to that in an even-aged pure forest in this report. The
large size logs are produced from even-aged forests whose cutting periods are relatively long
or from compound storied forests, Knot-free logs of small size can be harvested as thinned
logs from even-aged forests whose cutting periods are long. Although there are various
kinds of forests from two storied forests to selection forests in compound storied forests,

selection forests are chosen as the typical forests of compound storied forests in this report.

¢ Production of Even-aged forests
I squared boxed <o — whose cutting periods
Production of heart logs \/ are relatively short
small size logs S~ S ven-s rest
k: ** | Production of _~ o Even-aged ‘fOrLSLS .
. > whose cutting periods
 polished logs / " are relatively long
> /’/" >. V
Production of large size logs <~ Compound storied forests

¥*

In the house buildings of Japanese style, a polished knot-free log is appreciated for the pillar,
especially as the pillar of the guest room. As it is reguired to be straight, non-taper, and knot-free,
intensive pruning must be repeatedly operated for its production. After the tree is cut, the bark is
stripped off and the surface of the log is carefully polished. The log is used without sawing.



H-1-(13 Pruning management for the production of small-size logs

1-1-(1)-1) Pruning management for the production of sguared boxed heart logs

The object of this management is the effective production of squared hoxed heart timbers
whose surfaces ars knot free. When a log is sawed to a required size, it is preferable that
the surface of the tiraber be knot free. Fig. 43 represents the relationship between the size
of a log and squared timber. When the squared timber whose length of one side is x cm is

required the diameter at the top end of the log must he at least ~/2-x cm.

Now, most commonly used squared timbers in Japan are those having length of one side
9, 10,5, and 12 The relationship between those sizes of squared timbers and the least
diameters at the top ends of the corresponding logs ave shown in Table 32, In Fig. 44, in
order to get the knot~free squared timber whose length of one side is x ¢m, it is necessary
that the surface of the log must have been already knot-free when the diameter of the tree
is at the stage of xcom. On the basis of Fig. 44, the stem diameter at or within which
pruning should be done (¥) is expressed by the following formula.

5 =21

Here, [ and {7 denote the length for the ceclusion of a branch stub and the spare length of

it, respectively. Judging from the resulis of my analyses1® 1 cm is enough for the length

for the ccclusion of a branch stub by pruning in younger stage (less than 20 years) of

Japewrica stands, Now, when it is assumed that the [/ is lem and /7 is 0.5cm, the stem

diameter at or within which pruning should he completed to get the squared timber of a
definits size is calculated as shown in Table 13,

In the pruning management whose purpose is the production of pillars, pruning must be
done with due regard to the length of the pillar. For example, if the length of the pillar is

3m, the fnal length of the pole through which pruning should be completed is determined

by the product of the number of pillars by 3m plus the length of the base

On the basis of such fundamenial knowledge, the guide for the pruning management for
the production of a knot-free squared boxed heart timbr of C jeponica was made using the
data of stem and knot analyses of the samplée tree which was obtained from Ashiu® (Fig. 458).
How to use Fig. 45 is as follows:

1) The horizontal line and vertical line express tree age and tree height, respectively,

2) The highest solid line is tree height, Each of the solid lines below the ling of tree

height is the equivalent line of the stem diameter without bark at a certain height on each

tree age. The 6, 7.5, and 9cm express the stem diameier within which pruning must be
done to make the knot-free squared boxed heart timber whose length of one side is 9, 10,5,
and 12cm, rvespectively. The 18, 15, and 17 cm express the least diameter at the top end of
a stem to get the squared timber whose length of one side is 9, 10,5, and 12 om, respectively,

3) Each of the four solid lines which are parallel to the horizontal line shows the height
under which the log is used.

4) The dot-dash-line expresses the height where stunted branches start to appear. Above
this line, organic matter is most produced by photosynthesis in a canopy (I-1-()~(B).

Now, let me show an example of pruning management using Fig. 45, The target of the
management in this example is to produce two of the knot-free sguared timbers whose width
is 10,5 om and length is 3m.

The branches on the stem from 0,5m to 6.5m high must have been removed by the
time when the stem diameter becomes 7.5cm, While the pruning is carried out, care should
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be taken to see that the stem growth does not decrease much., Therefore, it is desirable
that the pruning be operated as many times as possible like the dotted line on Fig. 45,

First pruning is performed up to 2m 8 years after the planting. By the second pruning
which is operated 10 years after the planting, the pruning management for the production
of the first knot-free timber is completed, and by the fourth pruning which is operated 14
years after the planting, that of the second one is completed. From the cross point of the
equivalent line of 15cm at the top end of the stem and the line that shows the height under
which the log is used, it is expected that the log for the first knot-free timber whose width
is 10.5cm and length is 3m is produced 18 years after the planting and the second one 22
vears after the planting.

The sample tree for Fig. 45 is not the tree which was actually pruned in the same way
as the dotted line on the figure. If this tree had been pruned like the dotted line, the height
curve and other equivalent curves would have changed after each pruning to a certain
extent. So, precisely saying, such a figure as this must be made on the basis of the data of
an actually examined tree. However, Fig. 45 would present the hint how to make a schedule

of pruning in each case,

As previcusly introduced in this report*) knot-free polished logs are appreciated as the
ornamental pillars in Japanese building interiors, But as they are not universal, the pruning
management for the production of them shall not be discussed extensively here.

A knot-free polished log is used for a pillar without sawing, so the non-taperness, roundness,
and straightness on a certain thickness of a stem must be produced mainly by the control
with pruning during the time a tree is growing. And also the concave or the convex traces
of occluded knots must not appear on the surface of a log when it is used for a polished
piilar,

Fig. 46 was made on the basis of the sample tree of C. japonica obtained from a stand
in Kitayama district which is just north of Kyoto city¥®. The stand consisted of 7,000 trees
per ha at first, and then thinning was repeatedly performed. The stand density at the time
when the sample tree was cut was 3,300 trees per ha, and the stand age was 26 years old
then.

When it is required to get a pillar whose diameter at the top end is 10.5cm and the
length is 8 m, such a log as the following must be produced on the stand, that is, a log with
no knots and no concave or convex traces of occluded knots on the surface up to 4m from
the ground, and the diameter at the top end is 10.5cm. According to the result of the knot
analysis of this sample treel®, the average length from the joining point of a branch and
the stem at the time of the pruning to the point where the stem annual rings recovered to
the parallel (Fig. 2) is L. 1cm and the largest length of it is 1,6cm. In keeping with this
fact, pruning must be finished by the time when the diameter at the top end becomes 8.5 cm
in order to produce a log whose diameter at 4m above the ground is 10.5cm and whose
surface has little concave or convex traces of occluded knots., And when the log whose
surface is perfectly free from concave or convex traces of occluded knots on the same size
is required, pruning must be finished by the time when the diameter at the top end becomes
7.5cm.

How to use Fig. 46 is the same as that explained at Fig. 45. In Fig. 46, pruning was

performed three times up to a little higher than 4m from four to ten years after the
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planting, As the stem diameter at every pruning time is far smaller than 7.5cm, the log
under 4 m is perfectly free of the traces of occluded koots. In the case of the second pole
whose length is 3m and the diameter at the top end iz 10.5cm in Fig. 46, there is a
possibility that the traces of occluded knots appear scatteringly. This is because the pruning
which was performed 23 years after the planting was done after the time when the tree
diameter was 7.5 cm.

On the basis of the modification of Fig. 46, Fig. 47 was drawn with reference to the

examples of the common prucing management in Kitayvama district the stands of the examples
being in the same conditions as the stand from which the sample tree was got,

H-1-(2) Pruning management for the production of large size logs

From u large size log, boards, squared timbers, and others are produced. Valuable wood in

a stem is the sapwood, which accumulates outside the heartwood under the canopy parittitties

If pruning of dead branches is not done, desd knots become one of the worst
defects of a timber appearing in a certain vange in the part of the sapwood (Fig. 28, 1).
So, the pruning withoui leaving dead branches is important to produce kaot-free sapwood

ag much as possible. In the case of the production of large-size logs, there is no restriction

that a stem must be knot-free within a certain diameter. Therefore, it would be important

not to cause the reduction of stem growth much by the pruning of living branches. Solong

as only dead branches are removed every several years or even in each year, the appearance
of dead branch stubs will be inevitable (Fig. 28, 1I). Consequently, the pruning management
which does not leave dead branch knots, does not cause the reduction of stem growth very

much, and whose frequency is not much required in the ca

of the pruning management
for the production of large size logs.

nd

Fig. 48 is a pruning management guide for the production of a large-size log on the

T-1-(2)-1) Pruning management on an even-aged ¢

basis of the analyzed data of 56-year-old . japonice at Ashin® (the same data as used in

Fig. 45). How to read this figure is the same as that explained in Fig, 45.
I it is demanded that the reduction of stem growth is not caused by pruning and knot-

free wood is produced as much as possible, pruning should be operzted from the branches
which ceased to grow, that is, pruning should be executed along the highest line of the
appearance of stunted branch on Fig. 48, And if the production of the wood in which dead

i

knots are not found is required, prouning should be executed along the highest line of the
appearance of a dead branch every time a branch dies. Dotted line on Fig. 48 is a pruning
guide for the production of such a log as above mentioned,

The stratum where stunted branches begin to appear is uvsually identified by the stratum
with the largest leaf-bearing branches (I-1-3)~-8)), and the stratum where dead branches
begin to appear is easily identified by the external appearance.

Mow let me try to produce the log in which dead knpots are not found from the base to
15 m above the ground wsing Fig. 48, First pruning is executed up to 1L.8m at the 10th
vear after planting. After that, at intervals of 3~5 vears, the prunings of 2 or 3m length
are repeated and the schedule is completed by the 7 th pruning.

N-1-(2)-2) Pruning management in a compound storied forest

Here the pruning management is discussed with reference to the selection forest at
Tmasu in Gifu prefecture where we researched® (Table 1), This stand is composed of C.
japonica and some C. obtusa from the lowest to highest stories, and the highest tres is 27 m.,
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The average relative light intensity at the top level of the undervegetation (50 cm above
the ground) in the stand is 19%.

Most of the trees in the intermediate and the low stories of the selection stand are not
so straight as those in the evenaged stand in Imasu'”, and the same phenomenon in compound
storied forests of C. japonica is pointed out by Awpo®. So it could be said that there is no
benefit nor even harm by pruning to produce a straight good quality log of small size in a
selection forest. Pruning operation to the trees in the understories holds the risk of causing
greater damage by the bending or breaking of the stems by crowned snow or strong winds1®17),
However, the pruning for the adjustment of the canopy form will be effective against or at
least lessen the risk of damage to stems by crowned snow and strong windso®,

In the selection forest, the growth of a tree in the understory is very slow, and after
the dominant tree which had covered the tree in the understory was removed, the tree
starts to grow very well'. So the pruning for the production of a large size tree which
has few dead knots shall be started after the tree has begun to grow well and become
stronger. The pruning for it should be performed in the same way as that of Fig. 48, that
is, the pruning should be executed so as not to exceed the highest line of the appearance of
a stunted branch, and so as not to be below the highest line of the appearance of a dead
branch. This pruning is not only for the production of a good quality timber, but also for
the effective usage of sunlight to the understories of a compound storied forest. Sometimes,
pruning may exceed the highest line of the appearance of a stunted branch when sharing
the adequate sunlight with the understories of a selection forest is judged to be more

important,





