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=%, vYeury, AT FOHRERESE BE
L, FTRIcaA,3v3Avyvy, £FYVY, ¥V
DU, WP I IAIF, TARRSF, T UAEN
TELTHD,

WEEBRLHEBCBL, EELLTEHDNZ LD
B, HiNE, BESTHEY, ZoTLAE, B
PEN% L, HBREOBERIFACROND,

+EEECEL, EELL Y20, ARGETCK
Uieti» CHRsERTEL 3, ERCRI EZHER
WECES, HREEH RO T—RICHHTH D,
FEEGEHCHSOTORH, BRAEERC, KT
D L O o I RAE T HEERD Y H B 08, KRET
5 LEAVBEAL & T A TRBHIBRIN T EINEC
A%,

A TR B0 2 BRBEMDORLE BT
it ERDIZE T A, FEHRIRLC, BNID
$8%115°, S O —-16°, FRIFEKEL S60mm,

Table I-1-1 List of sample trees

No. Age. Debeh Height Stem volume v;rithout Volume vgith bark
(cm) (m) bark (nd) Cad)

1 10 4.5 4.20 0.00335 0.00438
2 10 6.0 5.87 0.01037 0.01275
3 10 4.3 4.70 0.00378 0.00493
4 10 5.2 4.70 0.00506 0.00632
5 10 4.3 4.70 0.00385 0.00506
6 13 6.2 6.20 0.00932 0.01057
7 12 8.4 6.60 0.01934 0.02248
8 14 7.7 6.20 0.01487 0.01668
9 13 7.7 6.10 0.01534 0.01748
10 14 8.3 6.00 0.01700 0.01884
11 30 12.1 7.43 0.04410 0.05038
12 30 10.8 8.55 0.04015 0. 04666
13 30 14.0 8.85 0.06756 0.07619
14 30 10.0 8.81 0.03684 0.04281
15 30 11.2 8.21 0.05322 0.06080
16 40 12.7 10.20 0.08005 0.09457
17 39 18.0 11.29 0.09359 0.11385
18 38 20.0 10.80 0.14064 0.16797
19 38 16.0 11.30 0.08117 0.09843
20 40 18.0 12.08 0.13585 0.15274
21 60 17.0 10.35 0.11122 0.13034
22 59 17.0 8.80 0.07133 0. 08209
23 60 18.0 10.50 0.11491 0.13514
24 61 16.0 10.40 0.09050 0.09961
25 62 21.0 11.50 0.14822 0.15983
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BIEOMINOHT—RE T, EL L3 NEPHED
HEERIZLNE5TH B,
AMRCEO TEAHERF BT RE T
MENTOZ KMGIEC Lzti-T EBE 774 -
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Wood
|
Extrancous Major cell wall
components components
Soluble in neutral  Largely insoluble Lignin Polysaccharides
solvents or volatile - (inorganie, peetic (Holacellulose)
with steam and proteinaccous
Eaxtractives substances, ete.)
Fats, resins, cte, Celhdose Noncellulose
| polysaccharides
Tlydrolysis (Hemicelluloses)
yields |
b-glucose Hydrolysis yiclds
monomerie units
|
| J [ f
Acetyl Uronic acids Pentoses Hexoses
groups and methoxy- (p-xylosc) (n-glucose)
uronic acids (r-arabinose) (p-mannose)
(n-galactose)

Fig. I-2-1 Idealized outline of wood
components (B. L. Browning,
1963).50
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(Cross section)

Fig. 1-3-1 Figure showing how to take the
sampling piece from 5 rings unit
of each cross section in case of
young trees.
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H1—3—2, M1 -3 3pLURI3—4IRT &K
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Table I-3-1 Distribution of bulk density and hollocelulose
and a-cellulose contents within stem. (kg/nt)
(I){feicggtss Annual rings s 6
section e ~ ~10 11~15
(m) Division \
Bulk density 336.56 (6.6) 397.44 (7.2 423.42 (6.2)
0.2 Hollocellulose 229.68(13.1) 274.36(12.8) 294.72 (7.9
a-cellulose 137.02(15.3) 188.10(13.0) 183.30 (7.6)
Bulk density 323.18 (9.1) 366.20 (2.3) 416.00 (4.4)
1.2 Hollocellulose 226.55 (8.7) 253.26 (8.7) 297.64 (8.9)
a-cellulose 131.30 (9.7 155.00 (7.4) 179.94 (8.5)
Bulk density 334.48 (6.7) 382.06 (3.5)
3.2 Hollocellulose 230.54(13.9) 259.24(11.8)
a-cellulose 130.56(12.2) 153.56 (8.8)
Bulk density 382.53 (6.1)
4.2 Hollocellulose 258.75 (3.4)
a-cellulose 147.40 (2.7
Bulk density 361.78 (4.7)
5.2 Hollocellulose 264.90 (4.9
a-cellulose 148.85 (6.5)
() : The coefficient of variation in per cent.
500 g 300 -
OSE
~
b0 PN
% wo -\ g 200 |
> b
& ~— T~ 3 M T —
o - Anmal rings ,9
ﬁ 300 = o0 11 - ,.:.‘4 100 = Annual rings
a | e e 5 T
5] >~ -9 1-5
T 1 1 1 } { |
) 1 2 3 4 [ [} 1 1 { 1 1 }

Height of cross scetion
Fig. I-3-2 Variation of bulk density in a stem.

400 g
'
E
S~
B0 300 =
5 V——\M
[N
~

% \o.\
=] ~—
— —
E ————-e e
p—
—
8 200 p= Annual rings
2 O——0 11—
=) *—0 e-10
jani &£ o-—® 135

-

1 1 ] 1 1 ]
0 1 2 3 4 5 6

Height of cross section (m)

Fig. I-3-3 Variation of hollocellulose in a stem.

Q 1 2 3 4 5 s

Height of cross section (m)
Fig. I-3-4 Variation of a—cellulose in a stem.

COEBOER G~V RO 2~V L LTTTEH
&m: é ﬂ/ 'C(I \ ,;2) %%4%45,49,51,52) a ....ﬁ—g* 5 é 0)(’&) 6 o
BBRAARM COBGBHEROKE SCONTITES
EFH5THB0, BREIBTOBMLTCH T3 e tin
— ADEENMRITI5.3%Th 17

DEWLARLLr —ABLPe i —2DBD,
BEREELRCH T 2BREDREIRDIBE, 20k
& S CEERD 3 OITEBRARTAEIC SO TEY L
i, ThEA72—2—L L CABBERCHT
BILIE LT, TNHDOBERDBZ LN TECE
Flch sz,



98

ot SRvNE S

JREE

Tabale I-3-2 Mean percentage of hollocellulose and e-cellulose

contents for bulk density (25)
Height Annual rings|
gs
of cross \ _ 1~5 6~10 11~15
(m) Division —
0 Hollocellulose 67.94 (6.9) 68.74 (6.2) 69.56 (3.4)
2 | a-cellulose 40.48 (9.2) | 42.10 (6.3) | 43.10 (6.2
. Hollocellulose 70.13 (1.5) 69.28 (9.9 71.54 (6.9)
L. a-cellulose 40.60 (1.6) | 42.38 (8.6) | 43.24 (5.9
Hollocellulose 68.60 (7.9) 67.70 (9.4)
32 | acellulose 38.90 (5.7) | 40.16 (6.5)
Hollocellulose 67.98 (8.0)
4.2 a-cellulose 38.68 (6.2)
Hollocellulose 73.25 (3.9)
52 | acellulose 41.03 (4.3)

52267

( ) : Coefficient of variation in per cent.

22T, BBRAKTIC BT 3 BEBERCNT S

. Frele—2AB L0 aevilae—-ZA0BERERETROF
¥ s L UEHERERTEE] B3 28 LUK —
g | . 35, 6L BN THB, £1-35RIURI-3-606
% i PNBLOCHhrlr—AY awie—ABEET—
S FEOHECEWVRTTH B0, ~BERECIWT LT
3 s W cOTnE P LEC -T2, £CT, €0
g o F Tl SNOEREC L3 L0, EERTDECLZ LD
ié # NEONT GBI ET R TR LIZ, Rrtim
[}

st ) : : : : : J Table I-3-3 Analysis of variance of

hollocellulose contents.

Height of cross section (m)

Fig. I-3-5 Variation of hollocellulose-contents Factor l 5.5, ‘ d.f. \ M.S. } Fo
ratio to bulk density. Trees 73.02] 4 18.26 | 2.28
Posilions | 1015.72 9 112.86 | 14.11%**
%0 - Error 288.09) 36 8.00
g Total 1376.83 49 | |
a —— ®k% ; Sjenificant at the 0.12 level
g wpr \‘\\.
= Table I-3-4 Analysis of variance of
3 a-cellulose contents.
g Annual rings = -
= L PRI Factor S.S. d.f. | M.S. Fo
- *~--¢ 1-5
$ 1 Trees 120. 94 30.24 | 7.08%F*
3 '[ Positions | 146.92 9 16.32 | 3.82%*
1 1 1 [l 1 |
. . " s " . . Error 153.73 36 4.27 i
Height of cross section (m) Total 421.59 | 49

Fig. [-3-6 Variation of a-cellulose-contents
ratio to bulk density.

wx : Significant at the 0.12% level
*# ; Significant at the 1% level
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Table I-3-5 Regression equations and correlation coefficients between
bulk density and cellulose contents.

Division Correlation coefficient Regression equation I! Stanggé‘lczifgsor of
Hollocellulose 0.9685 Y=0.7146X— 7.13 J 6.80
a-cellulose 0.9627 Y=0.5244X —41.77 | 5.37

o Table 1-3-7 Test of significance of
correlation coefficients
& 300 B o
g Division ( d.f. ] R } t
&%
4 - Hollocellulase 8 0. 9675 10. 8218***
=i a-cellulose 8 0.9627 10. 0635%**
2200 P -~
g ./‘/ *#k : Significant at the 0.01 level
o a e t— Rvn-2
2 VIR
= 100 =
Q e Hollocellulose
© BLEo S5BUC /RE N3 & 5« HEBIMRBLE 1
= — a-cellulose (,2@®N71~5—§é?1awmﬁkiof,
/1 \ i . L BEEEING Al e — AL la il —~2D
! AHEAHEET 2 L XETH 3,
] 300 400 500
, 2D B K
Bulk density (kg/m?) ) .
RIS DTNT, 0RO kA E fge L

Fig. I-3-7 Relation between bulk density
and celluloses contents.

Table I-3-6 Test of significance of
regression coefficients.

Division f d.f.( b ’ Sb t

Hollocellulose
a-cellulose

8 | 0.7146 | 0.0923 | 7.7421%**
8 |0.5244 | 0.0958 | 5.3239%**

**% : Significant at the 0.01 level
==, t=Db/sb

T, TOBBAETLOAEEELK & BUAEY O 0
Frble—ARLUaeie - AGHREOLBDOM
B2 6 EDEBOKRE I ZLEDONT, YAD
BaLhg oozt Lz,
HARTERI B T16~20FF TH5AKTH 3B,
ifﬁﬁﬁﬁéﬁ&vm,::tumﬁﬁmuém
Wf&ﬁ%%iUﬁh@]%y %, 10 m’
O 6 W SFHEE & 0, R B BEURRY
DHEE LR TWEIC U, & OEARIIE TR
1-3-8IRE N3 &L &METH 3,
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.%" B Fig. 1-3-9 Variation of bulk density (A) in
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Fig. [-3-8 Figure showing the height of cross 1 3 5 7 9
10 10 10 10 10

section of taking sample, based on
relative tree height.

(The height of above model shows
15 m.)
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Relative height of cross section

Fig. I-3-10 Variation of bulk density (B) in
a stem.
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Fig. I-3-11 Variation of celluloses contents
in a stem.
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Fig. I-3-12 Variation of celluloses-contents
ratio (A) to bulk density.
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Fig. I-3-13 Variation of celluloses-contents
ratio (B) to bulk density.
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Table 1-3-10 Analysis of variance of
hollocellulose(A) contents.

Factor S. S. d.f.. M. S. l Fo

Trees | 2607.7620 | 4 | 651.9407 | 64. 26w
Positions | 2226.7842 | 26 | 85.6455 | 844w
Error 1055.1857 | 104 | 10.1460

Total | 58897328 | 134 | E-73.440%)

*¥% : Significant at the 0.1% level
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Table 1-3-11 Analysis of variance of
hollocellulose(B) contents.

Factor S. S. d.f.| M.S. e

Trees 568.2412
Positions| 2370.9178 26
Error 474.3914 104

4 | 142.0603 | 31.14%**
91.1891 | 19.99***
4.5615

[ | X=76.22(%)
Total l 3413.5504 1341 c.v.=6.61(%)

*xSignificant at the 0.1% level

Table 1-3-12 Analysis of variance of
a-cellulose(A) contents.

Factor S. S \ d. f. M. S. } Fo

Trees
Positions| 1077.7714 26
Error 325.1969 104

1910.1078 4 | 477.5250 |162. 72%**
41.4527 | 13.26%**
3.1269

Total | 3313.0761 | 134 | i

sk« Sionificant at the 0.1% level.

Table 1-3-13 Analysis of variance of
a-cellulose(B) contents.

Factor | s.s. |af| M.s. Fy

Trees 721. 4406 4 | 180.3602 | 47.16%%*
Positions| 1076.1849 | 26| 41.3917 |10.82%**
Error 397.7071 | 104 | 3.8241 |

Total | 2195.3326 | 134| oy 18 00

#kx : Significant at the 0.1% level.
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Table 1-3-14 Regression equations and corre-
lation coefficients between bulk density
and cellulose contents.

Correla Standart%

N tion . . _lerrors o

Division coeffi Regression equation ci3.a1g
cient (26)

H"noceu‘ﬂgz% 0.7859 | ¥ =0.4009X2+150.23] 19.56

” (B)| 0.9624 |Y=0.6529Xp+47.73 8.59

a-cellulose(A)| 0.6803 |Y=0.2959Xa+78.31| 19.76

v (B)| 0.9131 |Y=0.5282Xp—17.57 | 10.99

X : Bulk density(A).
X» : Bulk density(B).

Table I-3-15 Test of significance of
regression coefficients.

Division b Sb ¢
Hollocellulose(A) 0.4009 | 0.0631 | 6.35%**
v (B) 0.6529 | 0.0369 | 17.69***
a-cellulose  (A) 0.2959 | 0.0637 | 4.65%**
v ®B) 0.5282 | 0.0472 | 11,19%**
%k : Significant at the 0.01 level
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Fig. I-3-14 Relation between bulk density (B)
and celluloses contents.
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Fig. I-3-16 Variation of bulk density (B)
in a stem.
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Table I-3-18 Analysis of variance of
hollocellulose(A) contents.

Factor S.S. ] d. f. M.S. Fo
Trees 7768.8300 4 11942.2075(227.5687***
Positions| 628.9679 43 | 14.6272) 1.7139%*
Error 1467.9514| 172 8.5346
Total  |9865.7493 ’ 019 | X=70.80(%)

c.v.=9.46(%)
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Table 1-3-19 Analysis of variance of the
ratio of hollocellulose(B) contents.

Factor } S.s. [d.f.\ M. S. ] Fo
Trees  |1544.5204| 4 | 386.1324 [150. 6388%**
Positions| 232.2166| 43 | 5.4404| 2.1068%*
Error 440.8924| 1721 2.5633

X=74.25(2)

Total t 2217.6384 1 219 | Cv.=4.28(9)

Table 1-3-20 Analysis of variance of
a-cellulose(A) contents.

Factor S.S.

&L[ M. S. By

Trees  |5062.2550| 4 |1265.5638|228. 1449%%*
Positions| 608.2610| 43 | 14.1456| 2.5500%*
Error | 954.1173| 172 | 5.5472

Total | 6624.6333| 219 | X=45.05(%)

c.v.=12.18(%)

Table 1-3-21 Analysis of variance of
a-cellulose(B) contents.

Factor S.S. d. f. M. S. Fo
Trees |2077.6427| 4| 519.4107 [183. 4272%%*
Positions| 357.9312| 43| 8.3240| 2.9396%*
Error | 487.0523| 172 | 2.8317

Total |2920.6262| 219 | *=47.18(%)

cv.=7.73(%

*0x Significant at the 0.1% level
** Significant at the 12 level
* Significant at the 5% level
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Table I-3-22 Regression equations and correlation coefficients between bulk density and

cellulose contents.

Division [ 832%?;?;23? Regression equation Stan;lgssiddf;‘ll;or of
Hollocellulose (A) 0.5132 Y=0.2285Xa+223.59 21.98
v ®B) 0.8782 Y=0.6335X0+ 48.89 12.25
a-cellulose €:9) 0.3682 Y=0.1510Xa+139.77 21.92
4 (B) 0.7831 Y=0.5202X0— 21.25 14.66

Xa : Bulk density(A).
Xb : Bulk density(B).
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Table 1-3-23 Test of significance of
regression coefficients.

Division b ) t
Hollocellulose (A) | 0.2285 | 0.0590 | 3.8729%**
v (B) | 0.6335 | 0.0532 | 11.9079%**
a-cellulose (A) | 0.1510 | 0.0588 | 2.5690*
v (B) | 0.5202 1 0.0637 | 8.1664***

Syz
sb=‘—/——s—£;—, t=>b/s»

sk Sionificant at the 0.1% level
* Significant at the 5% level
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Table I-4-1 The standard contents and the total productivities of each sample trees.

No. | Age | D*bh | Height g;?glme Standard contents(kg/nf) | 918! Weight inc Cottaloses kg)
(cm) (m) | without | Bulk Hollo-  |e- Dry Hollo- |e-
bark (nf)| density | cellulose | cellulose | weight | cellulose | cellulose
1 10 4.5 4.20 | 0.00335 | 363.582 | 206.567 | 132.537 1.218 0.692 0.444
2 10 6.0 5.87 | 0.01037 | 348.023 | 247.541 | 149.373 3.609 2.567 1.549
3 10 4.3 4.70 | 0.00378 | 370.370 | 256.085 | 147.090 1. 400 0.968 0.556
4 10 5.2 4.70 | 0.00506 | 364.032 | 266.008 | 164.822 1.842 1.346 0.834
5 10 4.3 4.70 | 0.00385 | 375.065 | 274.545 | 164.156 1.444 1.057 0.632
6 13 6.2 6.20 | 0.00932 | 384.013 | 227.468 | 146.352 3.579 2.120 1.364
7 12 8.4 6.60 | 0.01934 | 374.871 | 274.199 | 160.703 7.250 5.303 3.108
8 14 7.7 6.20 | 0.01487 | 380.901 | 261.197 | 153.867 5.664 3.884 2.288
9 13 7.7 6.10 | 0.01534 | 392.438 | 282.790 | 171.512 6.020 4.338 2.631
10 14 8.3 6.00 | 0.01700 | 392.176 | 286.412 | 170.353 6.667 4.869 2.896
11 30 12.1 7.43 | 0.04410 | 449.546 | 312.789 | 193.651 | 19.825 13.794 8.540
12 30 10.8 8.55 | 0.04015 | 429.489 | 319.875 | 204.035 | 17.244 12.843 8.192
13 30 14.0 8.85 | 0.06756 | 441.519 | 344.568 | 221.877 | 29.829 23.279 14.990
14 30 10.0 8.81 | 0.03684 | 451.493 | 350.543 | 223.290 | 16.633 12.914 8.226
15 30 11.2 8.21 | 0.05322 | 429.030 | 328.899 | 212.420 | 22.833 17.504 11.305
16 40 12.7 10.20 | 0.08005 | 448.919 | 309.457 | 197.502 | 35.936 24.772 15.810
17 39 18.0 11.29 | 0.09359 | 477.893 | 360.156 | 228.123 | 44.726 33.707 21.350
18 38 20.0 10.80 | 0.14064 | 450.619 | 353.477 | 228.150 | 63.375 49.713 32.087
19 38 16.0 11.30 ; 0.08117 | 532.253 | 369.299 | 238.253 | 43.203 29.976 19.339
20 40 18.0 12.08 | 0.13585 | 427.162 | 331.336 | 213.581 | 58.030 45.012 29.015
21 60 17.0 10.35 | 0.11122 | 503.650 | 353.704 | 223.809 | 56.016 39.339 24.892
22 59 17.0 8.80 | 0.07133 | 507.206 | 344.343 | 219.010 | 36.179 24.562 15.622
23 60 18.0 10.50 | 0.11491 | 467.975 | 329.179 | 209.799 | 53.775 37.826 24.108
24 61 16.0 10.40 . 0.09050 | 472.095 | 344.401 | 217.106 | 42.583 31.065 19.583
25 62 21.0 11.50 | 0.14822 | 526.520 | 382.117 | 247.023 | 75.345 54.681 35.349
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trees.

Table 1-4-2 Calculated mean values of bulk density and cellulose contents based on the analysis data by age grade of sample

(kg/nd)
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Fig. I-4-2 Time series variation of mean
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contents, obtained from the analysis
data of sample trees.
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Table 1I-1-1 Climate of SHIGARAKI district(1963+1~1967+12)

Jan.|Feb. ‘Mar.‘Apr.\May.{ Jun.] Jul. |Aug. Sep.]Oct. Nov.l Dec.| Year
mean
Mean temperature °c| 1.2 1.6/ 4.9 11.8| 16.7 20.6| 25.1| 26.0, 21.0| 14.4| 9.0 3.5/ 13.0
Max temp. in day °cl 5.7 6.6 10.9 17.4| 23.1 25.9} 30.0| 31.5 25.9) 20.1| 15.0 8.7 18.4
Min temp. in day °c | -3.4| -3.5| -1.2| 6.1| 10.2 15.4] 20.1} 20.5 16.1} 8.5 3.0 1.7} 7.5
Mean range in day °C] 9.1 10.1 12.1\ 11.3| 12.9/ 10.5 9.9 11.0] 9.8| 11.6 12.0 10.4| 10.9
Precipitation mn | 59 | 571128 | 160 | 202 179|238 | 157 | 200 | 102 | 68 | 41 tf,t gél
Days of precipitation (= 1mm) 8 71 11 12| 12| 13| 13} 10| 13 9| 10 8 126
Days of precipitation (=10mm) 2 2 6 6 6 6 4 5 3 3 1 49
Days of precipitation (=30mm) 0 0 1 0 2 2 2 2 1| — | — 12
! total
Snow days 8 5 2 1| - - = =1 —| — — 4 20
The most frequent . |NW|NW|NW|NW|SE E |SE|SE| SE|SE|NW NW
| total

Fine clear days 13| 12 8 5 9 4 3 6 3] 10 9| 15 97
Clear days 6 3 5 71 11 11| 12| 15} 12| 10 6 4 102
Cloudy days 120 13| 18] 18| 11| 15| 16| 10{ 15| 11| 15| 12 J 166
Mean temperature in year 13.0°C at the first. at the end.
Range in year 24.8°C Snow Dec. 4 Mar. 26
Max temp. 35.2°C 1964-8+13
Min temp. —11.4°C 19662+ 8 || Freezen Nov. 12 Apr. 13
Max precipitation 155mm 1965+9-17
Max drifted snow | 19cm 1963+3-13 | Frost Oct. 22 May. 7
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Table II-1-2 List of sample plots
Plot [Stand Main trees in sample plots Secondary
No.| Place Mean | Mean |Number of | Basal area | Stem volume | Mean Mean
siz}e:a age d.b.hcm heightm tree per ha.| per ha. per ha. m’* d.b.h.cm heightm
h 1] 96 0.01 6 4.00 3.32 4497 9.50345 21.8703 2.00 2.35
2] 96 % 0.01 8 4.50 3.26 4400 10.05570 13.3208 2.00 2.87
31106 ¢ |0.05| 10 10.50 6.83 2813 21.42870 84.1741 5.20 5.79
41103 (Z]0.04| 16 12.10 8.97 2780 19.74954 97.7286 7.60 7.31
51106 (X |0.04 | 17 9.37 7.84 2554 14.74412 67.4027 6.00 6.55
61106 X |0.05| 17 12.36 9.82 2640 22.30566 118.8646 7.00 8.64
71103 «{0.05| 19 14.47 9.65 2144 22.58364 116.9720 7.67 7.60
81106 % ]0.04| 23 12.80 10.35 2719 | 28.84153 164.0074 9.20 6.70
91106 5 |0.05 23 13.71 9.14 2489 33.07970 166. 4670 8.00 7.15
10 1106 % [ 0.05 | 28 21.43 12.36 2644 41.11633 250.2299 12.50 10.00
111106 % | 0.04 | 28 14.92 12.47 1991 32.33070 207.5437 9.33 10.62
121106 A | 0.03 | 29 17.91 11.87 1966 47.67834 281.2259 10.56 9.97
131106 5 | 0.04 | 29 21.80 13.57 1265 35.18873 229.3883 11.20 10.18
14 1106 % | 0.1 35 29.60 19.67 775 36.65070 339.1912 15.60 15.60
151113 & | 0.05 | 40 23.85 15.09 902 45.56950 325.2523 17.50 11.08
16 | 106 & | 0.1 40 31.26 20.01 936 47.73489 361.9259 18.57 16.04
17 | 113 % ] 0.08 | 45 25.17 12.18 630 53.43571 195.7190 13.33 12.10
18 [ 113 ¢» | 0.08 | 48 27.83 13.90 547 40.27356 273.4091 14.57 10.51
191113 5 | 0.08 | 48 24.08 14.00 1042 51.60639 348.0438 13.60 11.52
20 | 113 > | 0.08 | 50 24.00 17.82 655 37.50543 310.1249 13.20 13.90
21 (113 4% [ 0.08 | 50 22.96 19.16 823 44.62824 397.8027 12.00 15.90
22 | 113 v» | 0.08 | 53 26.54 19.00 617 38.55280 327.5407 15.50 18.08
23 113 A | 0.08 | 55 27.60 16.14 833 56.17139 421.2967 15.20 12.46
24 | 113 (¥ | 0.08 | 56 30.00 19.16 480 36.55725 307.9107 | 20.67 14.27
251 96 4 [ 0.05| 60 27.00 12.95 688 44.72980 273.3751 14.67 10.23
26 96 (X 0.05| 60 | 27.12 16.41 560 36.59282 272.3530 20.00 13.67
27 1 113 % | 0.1 60 30.00 20.73 616 47.71272 438.4225 15.67 16.23
28 {113 % | 0.1 60 32.96 22.60 494 34.87640 336.5224 18.29 17.71
29 [ 113 v» { 0.05 | 66 27.19 15.98 450 30.79896 240.6169 14.67 10.93
30 [ 113 «» | 0.05 | 70 24.40 14.41 517 42.45914 281.8183 13.20 11.20
31| 106 v» | 0.08 | 70 30.81 16.16 540 51. 45065 381.2390 15.33 12.73
321106 5 | 0.08 70 39.00 19.18 397 50.11109 412.0835 26.00 16.00




120 BRI R NRE B #26%

trees in sample plots g‘lt())tta;l sum of main and secondary trees in sample | stand
Numbel of | - ﬁ‘i.e; Ste;"er"ﬁé‘f‘“; ﬁfﬁ?ﬁm %fgak?rtn Number of P e S‘e;‘ér"ﬁé‘fm; e
) 2603 1.22655 2.2301 3.27 2.96 | 7100 l 10.73000 24.1004 6
1100 0.29430 0.6487 4.00 3.18 5500 | 10. 35000 13.9695 8
1407 2.64930 9.7696 8.73 6.48 4220 24.07800 93.9437 10
1370 3.77246 16.3061 10.60 8.41 | 4150 | 23.52200 114.0347 16
1446 3.23388 | 13.2046 8.07 7.38 4000 } 17.97800 80.6073 17
960 2.54274 13.3608 ! 10.93 9.51 . 3600 24.84840 132.2254 17
536 1.59636 7.1202 12.87 9.24 l 2680 24.18000 124.0922 19
906 4.77722 17.9944 11.90 9.44 3625 33.61875 182.0018 23
711 2.98430 12.5779 12.44 8.70 3200 36.06400 179.0449 23
756 3.87167 20.7460 19.44 , 11.84 3400 44. 98800 270.9759 28
B 459 2.84080 16.9653 13.88 | 12.12 i 2450 35.17150 224.5090 28
598 5.26936 28.8429 16.27 | 11.43 2564 52.94770 310.0688 29
210 1.48377 8.3334 20.29 | 13.09 1475 36.67250 237.7217 29
155 2.06630 15.9167 27.27 | 18.90 930 38.71700 355.1079 35
138 3.70050 20.8103 23.00 | 14.55 1040 49.27000 346.0626 40
284 | 7.40211 E 56.6298 24.13 | 16.41 1220 55.13700 418.5557 40
158 2.30429 | 14.3719 22.80 | 12.16 788 55.74000 210.0909 45
166 3.41894 19.1656 24.73 | 13.11 713 43.69250 292.5747 48
208 3.08111 | 18.3631 22.33 | 13.59 1250 54.68750 366. 4069 48
120 3.74332 1 27.4438 22.20 | 17.16 775 41.24875 337.5687 50
165 2.35426 19. 2854 21.13 | 18.62 988 46. 98250 417.0881 | 50
95 1.94600 16.8899 25.07 | 18.88 712 40. 49880 344. 4306 53
167 | 3.34986 21.2807 25.53 | 15.52 1000 59.52125 442.5774 55
120 4.27650 29.6199 28.13 | 18.18 600 40.83375 337.5306 56
172 3.31200 17.9348 24.53 | 12.41 860 48.04180 201.3099 | 60
140 5.03298 31.1265 25.73 | 15.86 700 41.62580 303.4785 60
154 3.12829 25.0591 27.13 | 19.83 770 50. 84100 463.4816 60
76 3.20060 26.6133 29.53 | 21.46 570 38.07700 363.1357 60
50 1.00304 5.6449 25.93 | 15.48 500 31.80200 246.2618 66
103 2.43886 14.6061 1 22.53 | 13.88 620 44.89800 296.4244 70
60 1.37560 8.7067 29.27 | 15.81 600 | 52.82625 389. 9457 70
28 1.55641 11.4012 ‘ 38.13 | 18.97 425 51.66750 423.4847 70
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Table II-2-1 The standard values based on the sample trees of each plot.
Plot Standard bulk density Alcohol- Standard Standard
) Stand Mean in benzene hon((:):ellulos e a-cellulose
No. | Place | siz€ the Max | Min |C.V. | extractives | contents contents
age |stand : - :
ha kg/nf | ke/nt | % in | | in | ol in |.
g/ ke/ui | 7 kg/np | % ke/u | %
1] 96 (x| 0.01 6 | 368.86 | 464.87 | 327.30 | 8.55( 6.90 1.87 | 268.32 | 72.74| 156.03 | 42.30
21 96 x| 0.01 8 | 405.62 | 469.41 | 346.25 | 6.90| 7.46 | 1.84 | 300.89 74.18| 177.68 | 43.80
31106 (X |0.05| 10 | 422.83 | 523.62 | 353.33 10.35 11.84 | 2.80 | 300.76 | 71.13} 184.22 | 43.57
41103 = |0.04| 16 | 429.40 | 534.90 | 373.35 8.96/ 16.40 | 3.82 | 311.53 | 72.55| 175.98 | 40.98
51106 ¢t | 0.04 | 17 | 436.08 | 536.02 | 355.08 11.02 15.00 | 3.44 | 314.93 | 72.22) 188.90 | 43.32
61106 (X | 0.05| 17 | 394.34 | 467.72 | 323.14 | 10. 86| 4.30 | 1.09 | 292.41 | 74.15{ 175.24 | 44.44
71103 (= | 0.05 | 19 | 412.32 | 499.26 | 329.69 9.43 13.90 | 3.37 | 302.16 | 73.28 170.84 | 41.43
81106 » | 0.04| 23 | 471.26 | 513.06 | 427.21 | 6. 12! 25.45 | 5.40 | 336.59 | 71.42| 205.82 | 43.67
91106 3 | 0.05| 23 1490.12 | 574.26 | 410.06 8.501 21.47 | 4.38 | 350.41 | 71.50| 212.63 | 43.38
10 | 106 » | 0.05 | 28 | 468.50 | 533.69 | 420.99 6.54; 18.79 | 4.01 339.98 | 72.57| 218.61 | 46.66
111106 A | 0.04 | 28 | 477.86 | 565.52 | 406.82 | 8.42 31.83 | 6.66 | 341.21 | 71.40| 216.84 | 45.38
121106 » | 0.03 | 29 | 469.54 | 572.55 | 387.50 | 9. 220 23.01 | 4.90 | 336.73 | 71.72| 208.50 | 44.41
131106 % | 0.04| 29 | 464.72 | 518.25 | 388.51 7.43| 23.56 | 5.07 | 330.65 | 71.15| 206.99 | 44.54
141|106 % | 0.10| 35 | 451.51 | 541.06 | 362.49 | 8. 63| 2.98 | 0.66 | 339.72 | 75.24] 222.21 | 49.22
15113 & | 0.05 | 40 | 457.32 | 543.55 | 376.37 | 8.52 7.36 | 1.61 | 334.73 | 73.19| 218.91 | 47.87
16| 106 & | 0.10 | 40 | 454.34 | 513.30 | 408.31 | 5.84 5.41 | 1.19 | 333.20 | 73.34] 220.25 48;48
17 1113 » | 0.08 | 45 | 456.32 | 511.00 | 376.40 | 7.68 5.66 | 1.24 | 338.27 | 74.13| 223.60 | 49.00
18 | 113 ¢ | 0.08 | 48 | 448.44 | 556.69 | 372.89 | 8.99 2.56 | 0.57 | 392.95 | 73.58| 218.82 | 48.80
191113 » | 0.08 | 48 | 474.37 | 544.74 | 394.50 | 7.69 5.65 | 1.19 | 347.60 | 73.28| 229.94 | 48.47
20 | 113 v» | 0.08 | 50 | 451.58 | 519.57 | 369.10 | 7.94 3.03 | 0.67 | 334.26 | 74.02| 217.60 | 48.19
211113 ¢ | 0.08 | 50 | 450.89 | 525.10 | 385.26 | 8.26 5.68 | 1.26 | 335.69 | 74.45 221.22 | 49.06
29 1113 v» | 0.08 | 53 | 456.93 | 502.99 | 393.62 | 6.22 8.54 | 1.87 | 334.23 | 73.15| 219.25 | 47.98
231113 3 | 0.08 | 55 | 459.27 | 522.00 | 390.92 | 6. 521 1.33 | 0.29 | 342.77 | 74.63| 229.72 | 50.02
24 | 113 X | 0.08 | 56 | 450.34 | 550.18 | 379.13 | 8.39 6.71 | 1.49 | 332.01 | 73.72} 216.17 | 48.00
251 96 & | 0.05 | 60 | 487.40 | 543.13 | 427.07 | 7.38 18.47 | 3.79 | 356.39 | 73.12| 244.48 | 50.16
26| 96 (X |0.05 60 |491.22 | 538.07 | 450.79 | 5.65 13.26 | 2.70 | 358.57 | 73.00| 239.56 | 48.77
27 1113 12 | 0.10 | 60 | 445.65 | 537.78 | 372.75 | 8.61 6.95 | 1.56 | 325.34 | 73.00] 214.01 | 48.02
28 | 113 (2 | 0.10 | 60 | 448.18 | 511.04 | 391.01 | 6.04 5.42 | 1.21 | 331.14 | 73.89| 217.13 | 48.45
291113 «» | 0.05 | 66 | 450.92 | 524.92 | 355.06 | 8.07 7.12 | 1.58 | 326.28 | 72.36| 219.62 | 48.71
30| 113 v | 0.05 | 70 | 462.03 | 596.59 | 399.25 | 8. 64, 7.39 | 1.60 | 338.57 | 73.28| 222.10 | 48.07
31 | 106 v | 0.08 | 70 | 447.13 | 512.27 | 386.92 | 7.17 4.87 | 1.09 | 333.69 | 74.63| 216.87 | 48.50
32| 106 » | 0.08 | 70 | 438.70 | 519.01 | 384.98 | 7.47} 1. 75 | 0.40 | 334.18 | 76.18 207.76 | 47.36
Max | 491.22 | 596.59 | 450.79 | 11.02| 31.83 | 6.66 | 358.57 | 76.18| 244. 48 | 50.16
Min | 368.86 | 464.87 | 323.14 | 5.65| 1.33 | 0.29 | 268.32 | 71.13 156.03 | 40.98
% |(456.03)| 527.69 | 382.06 | 8.00 (9. 32) | 2.33 |(336.95)| 73.19|(216.95)| 46.59
s 26.4898| 28.9924| 28.9901 7.7976 18.8468 20.3359
C.V.
(%) 5.89 5.49 7.59 73.38 | 5.73 9.69

( ) : Weighted mean with stand volume
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Fig. II-2-4 The Soft-X-Ray photograph of the
increment core and the variation
of the bulk density obtained from
the densitometer on the X-Ray
film.
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Summary

The purpose of this investigation was to
find out the general principles of incremental
process in dry weight and cellulose produc-
tivities of AKAMATSU (Pinus densiflora S. et
Z.) stand, in the case of making use of wood
components as the raw materials.

The mentioned subject must be investigated
as the fundamental studies for the forest
management.

The solution of the weight incremental
process used in this investigation was carried
out by the weight yield tables, prepared with
each productivity of wood components.

Therefore, if we had taken the above method,
it was necessary to estimate the standard
values of bulk density (based on ovendry
weight and green volume), the standard con-
tents of hollocellulose and a—cellulose with the
stand age.

Thus, it became a premise problem of re-
search in due order, for instance, establish-
ment of measuring the bulk density and
cellulose contents of a standing tree, decision of
representative position in the stem and so on.

The important items among the results of
studies on the weight increment in this papei'
were as follows :
which
was taken from the natural forest stand of
AKAMATSU in Kyoto district, it was recog-
nized that the variation coefficient of bulk

I) Throughout each age-class trees

density and of cellulose contents at every

position in stem was less than 10%, except the
part of pith in basal stem.

Furthermore, there was a pattern that bulk
density, hollocellulose and e-cellulose contents
decreased gradually with the height of cross
section and it increased from the pith to the
bark. This pattern of the variation was so
called the pinus type.

II) The amount of hollocellulose and a-cellulose
contents could not be estimated by the ratio
estimate to the bulk density, because the vari-
ance of ratio of celluloses contents to the bulk
density was significant by the position in stem.

In the other way, the correlation of hollocel-
lulose and e-cellulose contents with the deres-
inous bulk density of wood which extracted
with alcohol-benzene solution were highly
recognized.

Therefore, the amount of cellulose contents

could be estimated by the regression estimate
based on the above correlation.
ITII) Every development process of the standard
bulk density and the standard contents of
celluloses in single tree increased at a high
pace during 10~25 years, and its increasing
pace gradually slowed down after the thrifty
period, finally, which kept constant.

It could be expressed by means of the growth-
curve equation for the described above the time
series variation. So, examination was carried
out on the applicability of growth-curves which
became the object of this investigation such as
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Mitscherich’s, Gompertz’s, Logistic’s and Cor-
rected exponential curve.
As a result, Gompertz’s equation was most
appropriate for the above growth-curve.
Y=Ka"
where Y=Standard contents per unit
volume.
K=TFinal reached value of standard
contents.
t =Age of tree.
a, b=Constant (0<{a<1, 0<b<1)
IV) The position of representative wood quality
in the stem was found.
It was very similar to the standard value of
bulk density and cellulose contents.
Vertically, the position located at 10% of

5265

the tree height above ground, horizontally, it
occupied the part of sapwood inner about 10
annual rings from the bark in 10% section
above ground.

V) It was recognized that the applicability of
nondestructive testing technique with Soft-X-
Ray and Densitometer to estimate the bulk
density of standing tree through increment core
was highly available.

It might be one of the most important
method to survey the productivity of forest
stand, because it made us measure efficiently
the standard bulk density of forest stand by
random sampling method based on the above

technique.



