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Eiji HIRATA and Sueaki SUNAKAWA: Studies on the growth of weight
of the useful broad-leaved species in Okinawa I
On the Okinawashii (Castanopsis lutchuensis Nakai)
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Table 1. Number of trees in each diameter and in each height

D (cm)
\ 4 8 8 | 10 | 12 14 18 18 26 30 Total
H(m)
3 4 8 2 1 13
4 3 | 10 2 2 17
5 4 | 19 | 10 7 1 41
6 3 | 13 2 5 2 25
7 1 2 5 | 10 3 3 1 25
8 2 2 2 1 9
9 1 1 2 1 5
10 1 2 3
11 1 1
12 1 1
Total \12‘40‘32\25‘12} 7 ‘ 5 l 5 | 1 l 1 l 140
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B2k £ HE
Table 2. Measurements

pkas | F 4 REEE @ K | EARHE | RNBHR
1 25 7.8 8.10 0.01999 0.02242
2 15 6.4 7.10 0.01135 0.01299
3 22 9.0 8.80 0.02740 0.03165
4 19 9.8 10.00 0.03577 0.04054
5 31 16.9 9.70 0.10454 0.12251
8 i3 5.0 6.70 0.00706 0.00783
7 10 5.3 5.85 0.00691 0.00755
8 21 } 5.0 6.20 0.00644 0.00707
9 13 5.3 7.00 0.00909 0.00994
10 30 15.6 8.00 0.07330 0.08440
11 24 8.6 7.50 0.02398 0.02615
12 19 6.2 7.45 0.01027 0.01069
13 25 7.4 7.15 0.01505 0.01742
14 18 4.9 5.30 0.00564 0.00678
15 34 15.3 7.70 0.06929 0.07620
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of sample trees
W ORE R EfMEHEBER FRLEEE ﬁ*ﬂ&%' mmvﬁwg ] -4
(%) (kg) (kg) (g/cm?®) (g/cm?®)
10.84 26.501 12.096 0.605 0.629 FxFTLA
12.63 14.387 6.956 0.613 0.617 "
13.43 35.362 16.888 0.616 0.614 ”
11.77 42.037 20.444 0.572 0.585 »
14.67 140.104 68.376 0.654 0.652 »
9.83 8.749 3.919 0.555 0.565 p
8.48 8.318 4.039 0.585 0.537 »
8.91 7.875 3.860 0.599 0.598 ”
~ 8.55 11.996 5.632 0.620 0.622 v
13.15 96.043 46.133 0.629 0.625 ”
8.30 26.421 12.980 0.540 0.542 FYRYTUTE
3.93 14.733 8.056 0.784 0.850 =T F ) %
13.61 21.837 9.816 0.652 0.678 { v =
16.81 7.746 3.501 0.821 0.637 »
9.07 80.040 44.916 0.648 0.634 Y=y 4
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Fig. 1. Relation of D.B.H. to green weight of stem with bark
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Fig. 2. Relation of tree height to green weight of stem with bark
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Fig. 4. Relation of volume with bark to green weight of stem with bark
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Fig. 5. Relation of D.B.H. to mean specific gravity
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Table 3. Analysis of Variance

Source S.S. D.F, M.S F,

1 3.65783040 1 *k

x 0.00081800 1 0.993 non, sig.
x3 0.00082863 1 1.006 non. sig.
Error 0.00576497 7 0.00082357

Total 3.66524200 10
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Table 4, Dry weight of stem without bark in each diameter

sEEE 2 ¥ B E MrEzE £ B B B
cm) (k8) cm) (k8)
2 0.515 18 75.067
4 2.418 20 95.288
6 6.221 22 118.280
8 11.940 24 144.080
10 19.801 26 172.770
12 29.940 28 204.400
14 42.468 30 238.920
16 57.460 32 ) 276.510
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Fig. 10. Relation of tree height to dry weight of stem without bark
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Table 5, Analysis of Variance

Source S.S. D.F. M. S, F
1 3547.3839 1 *k
D 4037.5030 1 *ok
DH 14.8563 1 ok
DH 174.7014 1 *k
D2 1.1910 1 3.526 non. sig.
H 2.7447 1 *
Error 1.3511 4 0.3378
Total 7779.7314 10
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Fig. 14, Curves by tree dry weight formula
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Table 6, Calculation of diameter growth

No. | D | 2B la=p-2B| L | x=dL | y=21/5 | X=K.x | Y=K-y
1 7.8 0.4 7.4 | 119 | .2 0.476 6.5 | 0.500
2 6.4 0.4 6.0 | 0.97 5.03 0.388 5.3 0.408
3 9.0 0.4 8.6 1.07 7.53 0.428 7.9 | 0.350
4 9.8 0.4 9.4 1.20 8.20 0.480 8.6 | 0.505
5 16.9 1.1 | 15.8 1.67 | 14.13 0.668 | 14.9 | 0.702
8 5.0 0.3 4.7 1.07 3.63 0.428 3.8 | 0.450
7 5.3 0.3 5.0 0.77 4.23 0.308 4.5 | 0.324
8 5.0 0.4 4.6 0.82 3.78 0.328 4.2 | 0.345
9 5.3 0.2 5.1 0.76 4.34 0.304 4.6 | 0.320
10 15.6 0.7 5.1 | 182 | 13.28 0.728 | 14.0 | 0.765
Total 86.1 | 819 | 1 i ; ‘

K—=3D/3d=1.05128
D: HoEpE e B: BEE d: FREmEZ L S S4iioswh x #EHR
BREZ v BeEpAssER X pidRpAEE Y 3EXNERERE

#7 % HEHBEREORIHER

Table 7. Calculation of regression equation of diameter growth

‘ n ‘ x y check
1 1 10 ‘ 74.3 4.769 89.069
x 698.21 40.5692 813.0792
y t l 2.480919 47.819119
7.43 l 146.161 5.18553 151.29653
0.4769 | 0.2065829 5.3421129
0.03513611702 | ' 0.02614031 0.02614031
3

b=0.035136 a=0.2158 Y =0.2158 4-0.035136X

Sty. x — 0.02814031/8 = 0.003517538750
Cog = 1/146.161 = 0.006841770376
Cyg = — 0.006841770376 x 7.43 = — 0.05083435389

check: 74.3 x (—0.05083435389) 4+ 698.21 x 0.006841770376=1 .00000000020196 = 1
Cgy = Cpg = — 0.05083435389
Cyy = 1/10— (—0.05083435389) x 7.43 = 0.4776992404

check: 10 x 0.4776992494 4 74.3 x (— 0.05083435389) = 1.000000000
V(Y) = S8%y.x Cy; + CgoX? + 2(¢1X)

= 0.003517540.47769925 + 0.00684177X2 4 2( —0.05083435X)
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y= —4.6186 + 0.2449D — 0.2650 DH + 0.0345D*H + 1.6743H
Lcit y: BASEER
D : MBEZ
H : ##&
Tbb, BALEEBRIMGHES BRI ZOHERIMC L 3 BEBRNTRINS,
COERARZ L ECUTHALEBEREPHALURRT2LHE UREOLIILE 3,

4. RREAROHN

1) HRERBROHHE
BLAAA 10 ARz 20T, Bl 5 EMOFIRM & BEE2REL, EFERERROHNEL LS -

& 10
%
£
i

(cm)

RS0 12 14 16 18
Fia v B 72 (em)
#1I5 R REEEEREEMER
Fig. 15 Linear regression of current annual growth of diameter
at breast height

#8x HEEREABRCL LV (EHSMINEELRED X VREFIHER
Table 8, Calculation of diameter growth and confidence band in each diameter
by regression equation

X Y V(Y) V(Y) t 0.05 V(Y)
2 0.286 0.0010613436 0.0328 0.075
4 0.356 0.0007348905 0.0252 0.058
8 0.427 0.0004009671 0.0200 0.046
8 0.497 0.0003595732 0.0190 0.044
10 0.567 0.0005107090 0.0226 0.052
12 0.837 0.0008543743 0.0292 0.067
14 0.708 0.0013905693 0.0373 0.086
16 0.778 0.0021192938 0.0460 0.106
18 0.848 0.0030405480 0.0551 0.127
20 0.919 0.0041543317 : 0.0645 0.149
22 0.989 0.0054606450 0.0739 0.170
24 0.998 0.0069594880 0.0834 0.182
26 1.029 0.0085771610 0.0926 0.214
28 1.200 0.0105347626 0.1026 0.237
30 1.270 0.0126111943 0.1123 0.259
32 1.340 0.0148801558 0.1220 0.281
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7. ZORRIZ, FORIGRLTH 3,

HORILH ETOTHFERERENBRZHELILOMBETRTH 3,

1, TheHRd3E

B LIz, FISHIC L3 &, BERRERRIR, WHREZRDOEME & & HNT 3,
ERRO BRERZE L C-RE» 5, EFERERE (Y) OLH#%E XD,
t0.05 ZRU THHE LI, ZORRERTLEESRDEBHITH S,

(BTG

2)

HMBERNOFHE

BFHRAROWEERICH T 2BHMEOBBRPERT 2L E 6 KD I IR 5,
MR V=aD® 2 THRX 231815 &,
V = 0.00021 D2 24998

e Vi
D:
Lg%, COMBEENRRIC S LTV,

&
%)
f#

(m®)

0.10}

0.05p

0.15
[

ZE
M2

cAXFTIA
* %374 Lstonit .

112
B 5 TE (om)

6%

%16 ) MEsEE Bt
Fig. 16. Relation of D.B.H. to volume with bark

BOK IARAMME

Table 9. Volume table

Z DI FHRBIT

PEERENOMBEYHELUERTALEIRDEE I TH

o Tei=k2 3 ¥ i s ¥ ik
(cm) (m?) (cm) (m?)
2 0.0010 18 0.1380
4 0.0047 20 0.1749
6 0.0117 22 0.2167
8 0.0223 24 0.2636
10 0.0368 26 0.3157
12 0.0554 28 0.3730
14 0.0784 30 0.4355
16 0.1059 32 0.5035
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* 4 ¥+ 7 34 LStk
:20"
W
54
#
(%)
10F

0 "% 6% 10 1z 14 16 18 20
3 & 1% (cm)

#/1TR MEEEN R
Fig. 17. Relation of D.B.H. to bark volume percentage

BIOE HBHWE
Table 10, Analysis of Variance

Source S.S. D.F, M. S. F
1 1250.23076 1 *ok
x 30.07566 1 Aok
x?2 3.61132 1 2.264 non, sig,
Error 11.16386 7 1.59484
Total 1305.08160 10
CRAE JOEE R I R
Table 11. Bark volume percentage in each diameter
MREE W OR R i f=i=k> W OE R
(cm) (%) (cm) (%)
2 8.47 18 15.14
4 9.30 20 15.98
6 10.14 22 16.81
8 10.97 24 17.685
10 11.81 26 18.48
12 12.64 28 19.32
14 13.47 30 20.15
16 14.31 32 20.99
%o
3) WEBOHHE
BIEEREMEROBREZERTIEEITROL S itz 3,
FIE ORI RE 2R D 2 HED, BFEMORERB L Lo, ZOREE 10 RTRTCL

K, EEE OEMBEEE Lo, 22 ), MEOBBRRERTRINS LTS,
ERXZHETZ L, kRO X O3,
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%12 % EELENEE
Table 12, Specific gravity Measurement of bark in each height in stem

T Wi
= - (m) 0.2 1.2 3.2 bS]
HRAKESF
1 0.655 0.677 0.678 0.870
2 0.674 0.663 0.669 0.669
3 0.714 0.723 0.720 0.719
4 0.708 0.703 0.724 0.712
5 0.800 0.818 0.799 0.805
8 0.615 0.588 0.599 0.600
7 0.546 0.568 0.639 0.585
8 0.630 0.632 0.692 0.651
9 0.628 0.638 0.630 0.632
10 0.734 0.772 0.795 0.767
0.9¢
i o8t
;4
§id
&
(g/cm®)
0.7¢
0.6 3
06, ¢ 10 1z 14 16 18
B & B A% (em)
# I8 MEEARNH LR
Fig. 18. Relation of D.B.H. to specific gravity of bark
13 E S BH M E
Table 13, Analysis of Variance
1
Source | S.S. D F. M. S. F
1 4.637610 1 *k
b4 0.039057 1 ok
x? 0.001190 1 1.950 non. sig,
Error 0.004273 7 0.000610
Total 4.682130 10
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y=17.6326 + 0.4173 x
iy MR
| z: BRHEE
TabL, X7 AOBERIE, WEEROBMICLIIB>THKT 3,
W, ERickh, WREZRMBEEYHEL, RRTELE L ROLBHTH 3,

4) BELEOHHE
10 FOHRKIZDNT, 0.2m, 1.2m, 3.2m OEWEFICH T ZHBEOBBRI 2RI L, A
FHRIC LT EER2RE L, 2ZORREIE 12ROEBHTH 2,
B 12 RICB ZMREEOVHE L WREROBE S 18 BITR Uiz,
18 iz k3 L EEOMMRIL, 2 KM TTRINZBDDTLELTH 3 2, HEITOKE, B
BRIERTCEL, 2 OEBEETIV. LitdoT, MEORRIZ EAEHTRIN, B,

y = 0.5515 + 0.0150 =

Lt y: BELE

z : ARER
LEHHEING,
B4R EEERIMELR
Table 14, Specific gravity of bark in each diameter
T M BMELR L r i=k2 3 HE LR
(om) (g/em®) (om) (8/em®)
2 0.582 20 0.821
4 0.611 18 0.851
8 0.641 22 0.881
8 0.671 24 0.911
10 0.701 26 0.941
12 0.731 28 0.971
14 0.761 30 1.001
16 0.791 32 1.031

BIE HEARERBIUVHAENLEREOHK
Table 15, Calculation of dry weight of bark and dry weight

of stem with bark in each diameter

Wl perswim |k | BB g BRSRER ) gy ap gy | RASRRER
& (md) (%) ") g/emd) £) (%) (ke)
em) | () @ %) ) @ ®) @

(1) % (2) (3) x (4) (5) + (8)

2 0.0010 8.47 0.00008 0.582 0.047 0.518 0.562

4 0.0047 9.30 0.00044 0.811 0.269 © 2.481 2.750

8 0.0117 10.14 0.00119 0.641 0.763 6.221 6.984

8 0.0223 10.97 0.00245 0.671 1.844 11.940 13.584

10 0.0368 11.81 0.00435 0.701 3.049 19.801 22.850
12 0.0554 12.64 0.00700 0.731 5.117 29.940 35.058
14 0.0784 13.47 0.01056 0.761 8.036 42 .468 50.504
16 0.1059 14.381 0.01565 0.791 11.984 57.460 69.444
18 0.1380 15.14 0.02089 0.821 17.151 75.067 92.218
20 0.1749 15.98 0.02795 0.851 23.785 95,288 119.073
22 0.2167 16.61 0.03643 0.881 32.005 118.080 250.175
24 0.2636 17.65 0.04653 0.911 42,489 144.080 186.469
26 0.3157 18.48 0.05834 0.941 54.898 172.770 227.668
28 0.3730 19.32 0.07206 0.9871 89.970 204.400 274.370
30 0.4355 20.15 0.08775 1.001 87.840 238.920 326.758
32 0.5085 20.99 0.10568 1.031 108.956 276.510 385.466
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FROOMBEREZHEL, BRIZILELURDOEBITH S,

5) MIEEERIVHARMNESEEROHA

EWEEEAR ST AR ERI, EAMBICHEREZRU THEMBZHAL, COBBEHR
HERERRTICLICEIRDOENS,

WARMGEEERI:, BARNSEERCBESEER»NA T Lt yEHINE. N5
DHEZPFRTHLE I RDEBLTH S,

56, BARNSHER HARMLHER BMAEMERB IURMBEZEE TS0, h
5OMEERCHTAEAE 1 POMEI LD TRTEEIORD I I3, FIIK»H, ZNb
OERIZ, BECIIIPTHSEREZRTIOLEDNS, 16 Rid, BEOLEEZFHELIZLOD
ThH3D, FhoORBON, EMER/SHBEIEMRKELEZ N, HENSKER/SMBL I
FALSHER/SHEIE, ThFPNEABIORMNOBABERELEAZ LTS, HL6RH»
5, BEOHKERRZRZL, FARER/MHEEROHRIEHEEEROHMC LIPS >THRL T30

m® kg
0.16 160 /
0.15150 /7
= .
it AR /
_§ e MM E R /
g e AR A R /
—————HRENENER /

0.10 100 :
0.05 50

01 3 8 10 12 14 16 18

Jig 8 L & (cm)
% 19X BURBHHR MAREHAER BRARNAERED IUVHEARRALERERHR

Fig. 19. Curves of volume with bark, green weight of stem with bark,
dry weight of stem without bark and dry weight of stem with
bark

16 & EKENEEOLR

Fig, 16. Ratios as to various factor

MSER | EHER/HMR XNARER/| IALRER/| FNREEER/ RAAEEE/| RNAKER
(em) (g/om®) | ¥i5k (8/0m®) | ¥k (g/om®) | LMER EMER |[/BNLEEER
4 1.117 0.528 0.585 0.473 0.524 0.902
8 1.118 0.532 0.598 0.476 0.534 0.891
8 1.121 0.535 0.609 0.478 0.543 0.879
10 1.123 0.538 0.621 0.479 0.553 0.867
12 1.124 0.540 0.633 0.480 0.563 0.854
14 1.124 0.542 0.644 0.482 0.573 0.841
16 1.124 0.543 0.656 0.483 0.583 0.827
18 1.125 0.544 0.668 0.484 0.594 0.814




TH W) AT T 28 BLESOERERCEET s 1 279

R UT 2 DO RIZ, BREEEEROEME & b EHHLTV3, T2bb, COHERE—ET
750 2D L3, BERESKEFHTIRENVEVNILEZRTEIDTH 3,

DX, RNSRER: FASEEROEI:, WEERERTH ), AMER:ENLEEROE
2, WRIZEINEZKSDORETRTLDEEALNS, VE, (OKSRORMNEHERIHT I
FRAARE UTHETALE 17T ROL ), WHERSEMT 2Ly > THRT 5.
6) MREERROHE
#8 ROBEEREER EIOROEAMEE b Lt UT, AN OHBERERZHAL,
AR R TRERR (0.1012ka) M b OMBERERY HHE TS & & bit, BHAMBICAEEZRL
LEHTBCEIRED 0.1012ha 4 h OMBEPEH LIz, CERRUIZOVE 18 RTH 5,
W18 b b, FREHD ha X b 2AERERIZIT 6.43m® T 7.20~5.65m° OMIKH 3 L5k
13959 IEHE TV A B, CDEHEDHEERE L 12.14% Th 5, 12, ha ¥ HHfiz 52.79m° T,
AERIT 12.18% & /5 5,

A EEEREDOEAY ) HREEROTHE2RFT 5 &5 20 MORBORINTIdHRE L5,

®BI7E & K ®

Table 17. Percentage of water contents

HaESE R 4 K ®
(cm) (%)
4 90.84
8 - 87.24
8 84.03
10 8.077
12 77.68
14 74.47
18 71.40
18 68.32
m® kg
0.015 15 ‘
- — g g
M ~ene /
&
R’
0.010 10t
0.005 5}

0 4 6 8 10 12 14 16 18
% E & (cm)

#20 K BKY)HEHRERED JURFREERE

Fig. 20. Average current annual volume growth of a tree and average
current annual dry weight growth of a tree
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18 &
Table 18, Estimation
BARY ) MEHEERE
MOMEEE BURHH = FEHME (cm)
(cm) (m?) (m?) (m?)
E BB ¥ B T B
2 0.0010 0.0037
4 0.0047 0.0070 0.0054 0.414 0.356 0.298
8 0.0117 0.0106 0.0088 0.473 0.427 0.381
8 0.0223 0.0146 0.0126 0.541 0.497 0.453
10 0.0368 0.0186 0.0166 0.619 0.567 0.515
12 0.0554 0.0230 0.0208 0,704 0.637 0.570
14 0.0784 0.0275 0.0253 0.794 0.708 0.622
16 0.1059 0.0321 0.0268 0.884 0.778 0.672
18 0.1380 0.0369 0.0345 0.975 0.848 0.721
20 0.1749 0.0418 0.0394 1.068 0.919 0.770
22 0.2167 0.0469 0.0444 1.159 0.989 0.819
24 0.2636 0.0521 0.0449 1.251 1.059 0.867
26 0.3157 0.0573 0.0547 1.343 1.129 0.915
28 0.3730 0.0625 0.0599 1.437 1.200 0.963
30 0.4355 0.0680 0.0653 1.529 1.270 1.011
32 0.5035 l
B9 *&
Table 19, Estimation
BARY ) BEHELERER
MmEEZE BAREE HE= MEEE: (cm)
(em) (%g) (kg) (kg)
o E B T R
2 0.562 2.188
4 0.750 4.234 3.211 0.414 0.356 0.298
6 6.984 6.600 5.477 0.473 0.427 0.381
8 13.584 9.266 7.933 0.541 0.497 0.453
10 22.850 12.205 10.736 0.619 0.567 0.515
12 35.055 15.449 13.827 0.704 0.837 0.570
14 50.504 18.940 17.195 0.794 0.708 0.622
16 69.444 22.774 20.857 0.884 0.778 0.672
18 92.218 26.855 24.815 0.975 0.848 0.721
20 119.073 31.102 28.979 1.068 0.919 0.770
22 150.175 36.294 33.698 1.159 0.989 0.819
22 186.469 41.199 38.747 1.251 1.059 0.867
26 227.668 46,702 43.951 1.343 1.129 0.915
28 274.370 52.388 49.545 1.437 1.200 0.963
30 326.758 58.708 55.543 1.529 1.270 1.011
32 385.466

7) ARERARROHHE

%15 ROFWHERICH T IR ARMNESHER - BERAREERL S, HHREERL 2RI
UTRHERERBRZHE LI, ChPRRULIIONE 19KRTH 2,

FHIOROHEMELD, ha ¥H 22K ERARRIIVY 4.358 T, 4.898~3.817 b D
KhHBEVITENTEE, HERKEIR 12.40% Th s, T17, ha ¥ hewmEEis 34.142 + > T,
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HREREOHE
of volume growth
BEARY ) HRERE 2HRERR
(m?) AW (m®) aHtHk (m?)
E R * o5 T R LE R | ¥ % | T R
0.00112 0.00096 .0 00080 12 | 0.01344 | 0.01152 | 0.00960 |  0.0564
0.00208 0.00188 0.00168 40 | 0.08320 | 0.07520 | 0.06720 |  0.4880
0.00341 0.00313 0.00285 32 | 0.10912 | 0.10016 | 0.09120 |  0.7136
9.00514 0.00471 0.00427 95 | 0.12850 | 0.11775 | 0.10675 |  0.9200
0.00732 0.00662 0.00593 12 | 0.08784 | 0.07944 | 0.07116 |  0.6648
0.01004 0.00898 0.00787 7 | 0.07028 | 0.06272 | 0.05509 |  0.5488
0.01317 0.01159 0.01001 5 | 0.08885| 0.05795 | 0.05005 |  0.5295
0.01682 0.01463 0.01244 5 | 0.08410 | 0.07315 | 0.08220 |  0.6900
0.02104 0.01810 8.01517
0.02573 0.02196 0.01818
0.03096 0.02621 0.02146
0.03673 0.03088 0.02503 1 | 0.03673 | 0.03088 | 0.02503 |  0.3157
0.04304 0033594 0.02884
0.04992 0.04147 0.03301 1 | 0.04922 | 0.41447 | 0.03301 |  0.4355
pen ‘ 140 | 0.72898 | 0.65024 | 0.57120 | 5.3423
ha 4D ’ 1384 | 7.20334 | 6.42528 | 5.64515 | 52.7894
2ERRERBOHE
of dry weight growth
BAMYEEEFERE 2ERERR
. (kg) AW (kg) é(};i)i
8
+ R B T R E R E T B
0.6647 0.5716 0.4784 12 7.9864 | 6.8592 | 5.7408 33.000
1.2811 1.1585 1.0319 40 | 51.2440 | 46.2600 | 41.2760 |  279.360
2.1459 1.9814 1.7968 32 | 68.6688 | 83.0848 | 57.4976 |  434.688
3.3228 3.0437 2.7645 25 | 83.0700 | 76.0025 | @9.1125 | 571.250
4.8671 4.4039 3.9407 12 | 58.4052 | 52.8468 | 47.2884 |  420.660
8.8264 8.0870 5.3476 7 | 47.4878 | 42.6090 | 37.4332 |  353.528
9.2188 8.1134 7.0080 5 | 46,0040 | 40.5670 | 35.0400 |  347.220
12.0973 10.5216 8.9458 5 | 80.4685 | 52.6080 | 44.7192 |  461.090
15.4748 13.3159 11.1569
19.5280 16.6637 13.7993
24.2362 20.5165 16.7968
20.5116 24.8103 20.1076 1 | 29.5181| 24.8103 | 20.1078 |  227.668
35.5981 29.7270 23.8559
42.4626 35.2698 28.0770 1 | 42.4625 | 35.2608 | 28.0770 |  326.758
A3t 140 | 495.7053 | 441.0074 | 386.3021 |  3455.222
ha %Y 1384 [4898.2624 (4357.7705 53817.2056 1 34142.431

ha ¥4 b #1803 52.79m° Td 2 0> 6 AOEREL EIZ 0.647 t/md L 55, 35, REEROERR
12 12.76% &5 bh, BPROLEERE2DTLICIDED S,
ABRERRCHTIRARY ) LEERERBOEH LR TS L H 20 HOERD L iz 3,
%20 Wd 5, HAYHEENRERR BELEERERBROPMFHERICH T 5K, 11ZF
R ERT L OLEDNS, Ch BbLbIET 3 idic, BERGHMEOKE, Tobb, R
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# 2 F BARNYVOBFEEEREHVHARLD
HEMRERBICN T 2R
Table 20. Ratio of current annual dry weight growth
to current annual volume growth

M & E E Mk E

(em) (g/om?)
4 0.595.
6 0.615
8 0.630

10 0.646

12 0.665

14 0.679

16 0.700

18 0.719

20 0.736

HEOH L TEHET2EE20KDE 3T 3,

oKLY, CORRIIMEHERSEIMT 2L N->THEET 3, DT Lid, MAEEHLE
EMEREROBRV EAERTCRINI L b UARDIEEELONS, LIZIM-T, MHEE
BEROEELRIT, TEXCHTHTH 2 LRVALZVTHS 5,

V & B

ATEIZ, HBORROSEEHTHI ATV AOEEREERPRBSRNZSISE» BB L, K
BT EER O LRSI D 12D OEREERHC S 2 BT L 212 DThH 3,
FEDOERZPENT I LRI ZDOXDEBHTH %,

L Ex&EmER

1) BEAREMEER: MEEZRE OMIKRROD L 5 sBRBED s b,
y = 0.23121 z2 %201
LTt y: BAEMEER
z : BAEEE
CORIL, EREE X <HEA L, HBEESEY GHTOMBERE0.993), LT, WEER
PRETZC LRI VEAREMNERZ2HET S L RFAETHS 5,
2) HAREMER:SEOBEFRICBV TR, LEARETRAORSVHBEIH DS, 205 %
K4d 3 MEERDOK L i, 10~15cm OHEICH 3 D EHEINS,
MIRERE 10cm LT OHARIC 2N THEDORBHFER 2R 5 &,
y = 0.01094 x3.643%7
iz y: BREMER
x : BE
e, ERECICERT S,
3) HKRAEMER:RMASMRE ZEROZERSD Y, BRI 0.999 THEENIDLDTH
Vo ERRIIURATHIALNB,
y = —0.4608 + 1140.9052 =
Tt y i BAANER
z @ AR
Thabb, BHEOBIMCE & /2 > THAEMER S WNT 3,



EH-@N: FRCAERETAERALEROBEELRICET R | 283

UEET 3ic, BAREMERR, WHES RS IORHMBE ERIEABD D, VTFNORE
HF» 5o bHEVTRTD 3,

2 MAB®HL R

HARELREID, WRPHRE: RLEEENE L WEEHHREDRMCE & 72> THEMT 5.
377, BMEOKIITREEINT —EOKER2 L, MWHEERCRMENERT ZONTHEKT
3o LNHDERERTEDTERDEBH T B,

MEERE OB% y = 0.5679 + 0.004286 x
TZiz y: BAEREHE
z : WEEZR
e & OBMR y = 0.6048
cic y: BAERELRE
BIE S E & OBk y = 0.17963 + 0.70346 x
it y: BEARELRE
z : RS E
B ORIk y = 0.5876 + 0.4953 z
LTty HRKEBERE
x : B

3. Mk2ERR

1) WHER:BASEER: OBRI, BAEMEROEA L FRICHBRRTRT LTRSS,
BRI,
y = 0.1071 x> %8
iz y: BASHER
z @ RAREER
LEEIN, ERME: L EAL, MEEL B GEETOMEREK 0.994) 0T, BEERLL,
HMASLEERPHET S CLRFETD %,

2) BEASHER:MEE OBFRI, BEMEREMEROBBICEULIIERZRYT. T4bDL,
EBARL: TRAORSLVHARKIZD 5bh, £V~ RSO TIRMBRNTERMED 6h 3,
MEEZ 10cm L FoMRiz 20 Tid, kXpEHIN 3,
y = 0.0054 236317
ity BMARSHER
x : BE
3) WALEERIR, HAEHEROHIMMCE b/2-oTHML, HEBERENS 0.9999 T12iZ5ELM
BEs3,
FEOBRIIRRTEA LN 3,
y= —0.223 + 0.487 x
LCic y: BRESHER
z @ BAREMER

4) BikemEERII, MAEBLESHEMNTZONTABCHEAT 2ERL2TTH. EPHBKE
 FHBEEE § BV DT, MABHEEEDA D LB ASHERPMET 2 CLIRHETHS 5.
5) WMALEERISHHE:OBRIRLEAERTH» b3, T4bb, @HBEMSEMT T
VBoTHALEERIMMT 2. COBREERTRTLRDELHITD %,
y = —0.450 + 555.923 =
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Lt y: BHARLKER
z @ A
ULET 21, BASHERR, BEABEERE: OBREZEBIE, OThORERTFE b HEEED
B, $77, ThoOBFRLEIMEE S<BAT 3. LItd->T, BAERHREZRNIEVTIOD
BIEEF 5 b HELFETD 3,
6) BHASHEEEBRIAXNOII L, WEER BEBIFZOERERCL >EBRRNTRDbICE
BTir5,
y = —4.6186 + 0.2449D — 0.2650DH + 0.0345D°H + 1.6743H
LTt y: BRSHEER
D: B&EZE
H: B&

4. ZHRBROMK

BAEMER HARNESRER HARNSHERS JCHARMNBHROMBERCH T 2K
B3, BEIJZETHZBRRERT 3,

5. 26 RR4EEE

1) he Y0 EELEERRARRIZVY 4.358 o T 4.898~3.817 +o OFFICH B, 235, W
FEEEI2 12.40% Tdh 3,

2) ha YhemER 34.142 b T, ha Y OB 52.79m3 Th3., LIdi->T, KHOKS
EREHEIL 0.647 ¢/m3 L 12 5,

3) RXEEEROERRII12.76% T, MHEDOERR 12.18% 2b<hic>bib s,

4) HAYVESEHMHARR: EELYERERBROMESERICH T 382, (2IFFITH/2BIM%
2T

WRELEZLMCE Y FEDIREALTR, WMA¥HREERLOBEMTO Cigilr s e
FHEINTOCHERNIIY, BRADOMEICY > Tz, RRAEMERTEBEES FRBERFAR
WEDCBIBE CHA BNV, THBRMEEICSVTIE, BERAEERSEABEEE AT S
K, FERFE—BRK, FREEAEK FHEEBEK FERAMKEBED CHheEI, TLUTE
HOBERTHIRETH 5,

2 X x W

1) i & 1964, REMHRC L LI {RBOEEREOHE. AAETHEME 20 5.
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Summary

The study was done in order to grasp the growth of dry weight of Okinawashii which is
representative species of borad-leaved species in Okinawa, from the view point of the forest
measurement. The obtained data from the results of the study will be useful for the establish-
ment of production technique in the forest for production of timber for raw material.

The results of the study are as follows:

1. Green Weight of Stem with Bark

1) The relation of the diameter at breast height to the green weight of stem is expressed by
y=0.23121x3.28201
where x : diameter at breast height
y : green weight of stem with bark

This equation is in conformity with the actual measurements, and the green weight has a
high correlation with the diameter at breast height (the coefficient of correlation expressed in
logarithm is 0.993).

Namely, it is possible to estimate the green weight of a tree from the diameter at breast
height.

2) In the relation between the green weight of a tree and the tree height, the division of
the main tree-crop and the dominanted tree is observed clearly. The size of diameter which
divide the main tree-crop and the dominated tree is estimated to be from 10 ¢m to 15 em.

For the trees which have less than 10 cm in diameter at breast height, the relation between
the green weight of a tree and the tree height is expressed by

y=0.01094x3.64337
where x : tree height
y : green weight of a tree
This equation is in conformity with the actual measurements.

3) The green weight of a tree is expressed by a linear regression equation of the volume
with bark, and the correlation is very high as seen from 0.999 of the coefficient of correlation.
The regression equation is

y=-0.460841140.9052x
where x : volume with bark
y : green weight of a tree

Namely, the green weight of a tree increases with the increase of the volume with bark.

From the above results, the green weight of a tree is closely related to the diameter at breast
height, the tree height and the volume with bark, and it is said that it is possible to estimate the
green weight of a tree from the above each measurement factor.

2. Mean Specific Gravity

The mean specific gravity has a high correlation with the average specific gravity at breast
height, and it increases with the increase of the average specific gravity at breast height. And
the mean specific gravity is almost constant in spite of the increase of the tree height, but
it increases with the increase of the volume with bark and the diameter at breast height.

They are given in equations as follows:

for the relation with the diameter at breast height
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y=0.5677 +0.004286x
where vy : mean specific gravity
x : diameter at breast height
for the relation with the tree height
y=0.6048
where vy : mean specific gravity
for the relation with the average specific gravity at breast height
y=0.17963-0.70346x
where y : mean specific gravity
x : average specific gravity at breast height
for the relation with the volume with bark
y=0.5876-0.4953x
where y : mean specific gravity
x : volume with bark

3. Dry Weight of Stem without Bark

1) The relationship between the dry weight of stem and the diameter at breast height, as
in the case of the green weight of a tree, is expressed by a curvilinear regression equation.

The regression equation is calculated as follows:

y=0.1071 - x2.2669
where vy : dry weight of stem without bark
x : diameter at breast height

This equation is in conformity with the actual measurements, and the dry weight of stem
has a high correlation with the diameter at breast height (the coefficient of correlation expressed
in logarithm is 0.994). Therefore, it is possible to estimate the dry weight of stem from the
diameter at breast height.

2) The relation between the dry weight of stem and the tree height has a tendency that is
similar to the relation of the green weight of stem and the tree height, that is, the division of the
main tree-crop and the dominated tree is clear, and a curvilinear relation is recognized in
each group.

The regression equation for the trees which have less than 10 ¢m in diameter at breast height
is given as follows:

y=0.0054x3.6217
where y : dry weight of stem without bark
x : tree height

3) The dry weight of stem increases with the increase of the green weight of stem, and this
relation shows fairly a perfect correlation as seen from 0.9999 of the coefficient of correlation.
This relation is given in following equation.
y=-0.233140.487x
where vy : dry weight of stem without bark
x : green weight of stem with bark

4) The dry weight of stem shows a tendency that increases sharply with the increase of
the mean specific gravity, but the variation is so great and the correlation is not high. There-
fore, it is considered to be better to avoid the estimation of the dry weight of stem from the
mean specific gravity.

5) The relationship between the dry weight of stem and the volume with bark is expressed
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as a rising linear line. Namely, the dry weight of stem increases with the increase of the volume
with bark.

The regression equation is as follows:

y=-0.450+555.923x
where y : dry weight of stem without bark
. x : volume with bark

According to the above results, the dry weight of stem has a high correlation in each
measurement factor excepting the relation with the mean specific gravity, and their relations
are in conformity with the actual measurements. Therefore, it is considered that it is possible
to estimate the dry weight of stem from each measurement factor.

6) The dry weight of stem is expressed as a multiple regression equation by the diameter
at breast height, the tree hiehgt and the product of a mass of the diameter at breast height and
the tree height.

The regression equation is shown as follows:

y=—4.6186+0.2449 D-0.2650 DH+0.0345 D*H+1.6743 H
where D : diameter at breast height
H : tree height
y : dry weight of stem without bark

4. The interrelation among the green weight of stem with bark, the dry weight of stem
without bark, the dry weight of stem with bark and the volume with bark to the diameter
at breast height is nearly shown by a parallel lines.

5. Growth of Dry Weight

1) The range and the mean of current annual growth of the dry weight per hectare are from
4.898 ton to 3.817 ton, and 4.358 ton respectively. The precision of estimate is 12.40%.

2) The dry weight per hectare is 34.142 ton, and the volume per hectare is 52.79 m3.
Therefore, the mean specific gravity of the stand is 0.647 zon/m?.

3) The growth percentage of the dry weight is 12.769, which is slightly higher than 12.189%,
for the volume.

4) It is recognzied that the changes of the current annual growth of the volume and dry
weight of a tree to diameter at breast height shows nearly a parallel relation.



