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Investigations on the Productivity of Japanese Fir (Abies firma Sieb.et Zucc.)-and
Hemlock (Tsuga Sieboldii Carr.) Stands in Kyoto University Forest in WAKAYAMA
(1) On the Growth of Japanese Fir Stands

Tooshu Furuno and Saburo KAWANABE
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Table 1.
Results of measurement of sample plot (10mX16™) in compartment -9 (9-A stand)

Tree spocies on ™ 123 4567 8910111213141516171819202122 34 39 | Total
 Abies firna 68129712113000100000010 0 0] 52
Tsuga Sieboldii 2121000010000000000000 0 0] 7
Carpinus spp. 0011200111231110200110 0 0| 19
S“‘w“r‘i‘,‘wnadelpha 0000000000000000000000 2 1 3
Parabenzotn 3100000010000000010000 0 O 6
llex pedunculosa 0031011000000100000000 0 O 7
Pieris japonica 3861100000011000000000 0 0] 21
Illicium anisatum | 41 10000100000000000000 0 0] 7
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T'suga Sieboldii Carr.
Stewartia monadelpha. S, et Z,
Carpinus spp.

Parabenzoin trilobum Nakai.
Elaeagnus spp.

Lindera umbellata Thunb.
Hydrangea luleo-venosa Koidz.
Illicium anisatum L.

Ilex pedunculosa Mig.

Pieris japonica D, Don,
Cyclobalanopsis acuta Oerst.

IPC

Fig. 2

Belt transect of 9-A stand in compartment-9
(bm, in width X 20m in slope).
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Fig. 3 Belt transect of 11-A stand in compartment-11 (2m in width X 20m in slope).
A Aralia elata Seem.

H : Hovenia dulcis Hornstedt.
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Table 2.

Results of measurement of sample plot (8.5mX8.2m) in compartment
-11 (11-A stand)

T __DBH(cm)|
Tree speci?\ 1 2 3 45 6 7 8 910111213141516 | Total
Abies firma 00110333 03014223 26
Hovenia dulcis 0100010000O0OOOOOO0 2
Cornus macrophylla 101110000O0O0O000O0O0OO0 4
Aralia elata 0010010000O0O0O0OO0O0COO 2
Parabenzoin
trilobum 020000O0O0DO0OO0ODO0OO0OO0OO0O0OO 2
HADIE 3 X

HWIEDIH 2 X2, HZ5EBREHEZHAVT, kAOHEKRE, ZORBTHITTOEMOBEXL FFFIC
HE LT, ZOHAAESERTHObLI, COHER, MAOHZEEZLOSRBZDKIELAVDSH
T3,
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; 0o po []
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Relative light intensity (%)
Fig. 4 Frequency of relative light intensity under forest crown.
left : compartment-9, right : compartment-11
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Fig. 5 Annual cross-sectional area increment at breast high
of sample trees.
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QML TIRMWBOERIED S, BEBAVBIOERNBRAKEBT LTS, CORMIIZED, YHOK
BAZRBUILEBIC—HRL, LARDEHBED:®, BINI/MEABBAKERLLBDEEZ LGN
%3, 2EHDF 5, 7 ) ORIFIZBECEBTCENL »TBEELH LTI,

1IIMHE TR, R EARCIAHECL s TEERREZDDOH-70E T A, MTLLADKDDEE
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Table. 3 Descriptive data of sample trees
. Stem dry | Branch dry | Leaf dry |Stem
compartc | Teee oy omy | HeighL | “eighe |V Veignt | enght | votume | T8
9 1 5.01 4.15 3,010 1,416 936 6,383 | Abies firma
2 2.38 2.19 495 177 266 917 do.
3 7.64 5.08 7,251 2, 832 1,778 16, 416 do.
4 5.32 3.84 2,773 1,179 925 6, 495 do.
5 2.09 2.20 382 161 156 710 do.
6 3.60 2.94 1,271 495 380 2, 416 do.
7 2.21 2.02 412 157 141 798 do.
8 — 1.29 119 47 51 219 do.
9 3.5 3.05 1,233 530 442 — do.
10 1.9 1.80 326 115 116 — do.
11 5.7 4.47 3,596 1,317 855 7,918 do.
12 5.6 4.87 3,983 1,152 938 8,188 do.
13 — 0.95 84 53 80 — do.
14 0.8 1.40 139 83 91 260 do.
15 14 1.75 170 78 74 — do.
16 2.6 2.85 568 348 239 — do.
17 3.7 3.10 1,241 554 477 2, 489 do.
18 4.1 3.80 1,909 550 423 3,594 do.
19 2.5 2.80 604 303 238 — | Touee i
20 1.9 2.63 333 181 205 798 do.
21 L2 2.17 202 115 93 438 do.
22 1.6 2.20 206 110 61 — do.
23 3.0 3.30 784 534 282 — do.
24 5.9 5. 30 3,889 1, 400 1,049 9,157 do.
25 6.2 6.45 4,761 2,035 1,363 10, 509 do.
11 1 7.5 7.40 8,968 1,609 1,903 18,498 | Abies firma
2 12.5 8.92 23,509 11, 437 8, 367 49,732 do.
3 15.6 9.78 42,723 15,777 10,710 85, 582 do.
4 4.6 6.10 3, 065 687 750 5,927 do.
5 8.1 7.77 10, 997 2,320 2, 801 22, 664 do.
6 10. 3 7.80 16, 621 7,879 4,827 35, 569 do.
7 6.4 7.30 6, 612 1,205 1,223 | 12,850 do.
8 5.2 6.02 3,802 1,017 1,029 7,853 do.
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Allometric relations between diameter at 30cm high above ground level
(Do.3) and stem dry weight (ws), and allometric relations between dia-
meter breast high (Dy.3) and stem dry weight (ws).

(1) logws=1.014 log D%.;+2.103
(2) logws=1.374 log D%.3+1.380
(3) logws=1.074 log D?.;+2. 060
(4) logws=1.117 log D?.;3+1.879

Explanatory notes are as llows ;
@ Abies firma in compartment-11

(O Abies firma in compartment-9

X Tsuga Sieboldii in compartment-9

These marks apply in Fig. 6~15.
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Fig. 7  Allometric relations between D%.;-H and stem dry
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(1) log ws=0.914 log D%.;-H+1.507

(2) log ws=0.941 log D%.3-H+1.345
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Fig. 10 Allometric relations between diameter breast high (Di.3) and leaf dry weight
(wy), and allometric relation between diameter at 30cm high above ground level

(Do.y) and leaf dry weight (wp).

(1) log wi=1.135 log D?.;+1.356 (2) log wr=0.919 log D?.;+1.625

(3) log wr=1.173 log D?%.;+1.186
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Fig. 11 Allometric relations between diameter
at the lowest living branch (Dg) and
leaf dry weight (ep).

1) log wi=1.117 log D?g+1.532
(2) log wy=1.117 log D?+1. 356
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Fig. 12 Allometric relations between diameter at
30cm high above ground level (Do.;) and
dry weight of new leaves (wix).

(1) log win=1.162 log D%.;+0.385
(2) log wLn=0.937 log D%.3+0.277

RIC, COXINEERLILE G hEDD 6T, ChOKBELTRISIKFELVEERKETH A,

PlEoAERBRERAY, BARERRLYD, BEMKSOE, VI OBREREHET 5L K~
4DXk51Cle 5,
Table. 4 The standing crop and annual dry matter production
of Japanese fir and hemlock stands per hectare.
annual
Number | Total | Stem |Branch |Leaf Top dry dry Sample g;(it:geabgf
Stands of tree basal dry dry dry eight | matter area broad le-
per area weight | weight | weight | W8 | produc- aved trees
hectare (m?%) (ton) (ton) (ton) (ton) | tion (mXm) (m?)
i | (ton)
9—A 3, 688 8.8 16.03 5.98 4.75 26. 77 0. 87 10.0X16.0 39.7
9—B 4, 750 22.6 44. 06 20. 88 13.00 71.95 2.13 4.0X10.0 26.0
9—C 4,638 18.3 37.23 15.17 10. 37 i 62. 77 1. 68 5.0X 6.9 39.0
u—A | 3730 | 361 | 7693 | 3040 | 2080 | 12813 | 143 | 85x82 | 12

1K OHEEMRSDE I OBRERZILEHO N =Y, THIV =Y, TV =VOENL & HET
5&, BENEHEBRAHORBEED L ATE, ILEEEOKSTIE, BEII49~82ton/ha (1 Hid
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Fig. 13 Allometric relations between branch dry
weight (ws) and leaf dry weight (wr).

(1) log wi=0.865 log ws+0.409

(2) log wr=0.865 log ws+0.262
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Fig. 14 Leaf dry weight (wy1) in relation to stem dry

weight (ws).
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2
¥ vV ICHRT, TR R 10 1 4 (g) 10+
MAUICAS, TROB, 1K Fig. 16 Allometric relations between beaf dry weight
DEIT, a'1=1.100~a’=0.73 (wny and dry weight increment of stem for
Z2g/g.year 13D, P F=YOH three years (4,ws)
o e e . (1) log 4yws=1log wn+0.029
EADZTHCFRET, S5, (2) log 4;ws=log w1—0.496

IO E I TiE, a’3=0.534~
a’y=0,345g/g.yearE 2D, F F= Vv OB/NDEL D b X SI/NE W, ¥ FOEDOFHRLEID, B
HEHTOEIEAEIRERALNIEN , ZDOX DICIIMIE S 9T, ® I OEOTHMELRICHE
MHONBC LI, 15T, ERICHT 2 EEEHS, HREMTEND bW LT LEEMT TV S,
EOEEFEREMD IR, 2ERBICHT IFEBOUEERDZ L 1 D2ONETH 5. KRE
RKENZFNOHERLRDB &, £ 13 9RIETIE2.5~13.8% (Fi57.6%), 11K I T3 7.2~
14.9% (FEH11.5%), ¥ #i32.2~8.4% (F¥6.1%) &2, A—HETH-Td, TOBFLY
TR, EEREREENT, EOFAMES XOBRKREEE %, UL, IHKEDE I, £FR
EMEWD, BEBBCNTVEENICEDBEILN, CORPEXITRERTICLIRFHOX
STHB, 112, BE, WE, TOMOLHICECRELROLABERI L > EERELTS
o REABEOWRTIR, PO IDELY FIRENTZOEGNEI VLD RERANALN S,
M—162> 5 9 WIE & LIRILDOFIHERILRE@E & L DT, ZOHD» SHBRTBEL bk DRiEER
ZbEwi (F—4). INFOBEMIVTHOEREEMO LBATEEDUATVE D, =
I, YHOMSHVDERICL SXRTZOMEERRIEEICT L,
IIMHEOHDMHLEERZ, RBRSHETkKDOIWE I F=Y, THZ Y =Y ®E6.72~21.7ton/}§;
I oNT, MWENERATPEEERLZZETIIL, PRVEVEERLTVEXS>TH 3,
IMHEDOBREREMD FBALBR O EEELT, 1IHEOFEMELESL DT, 9 KOk
MAEBLHET N, BECHEOW4EEN S,
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Résumé

In recent years, many investigators have reported studies on the estimation of standing crop
and productivity of forest stand. However, the studies on the Abies Juss. and Tsuga Carr.
are very few.

In this report, the authors deal with some investigations on the forest production of natural
Japanese fir (Abies firma Sied. et Zucc.) and Japanese hemlock (Tsuga Sieboldii Carr.) stands in
Kyoto University forest in WAKAYAMA (Lat. 30° 04’ N, Long. 135° 30’ E, Alt. 500~1200m). This
investigation was carried out in compartment-9 and 11 of University forest in August, 1966.

In sample stand of compartment-9 (9-stand), the crown of Japanese fir and hemlock was
overspread with the broad leaved trees (Fig. 2), and sample stand of compartment-11 (11-stand)
was pure Japanese fir forest (Fig. 3).

The results obtained from this investigation were as follows :

1) In 9-stand, forest crown consisted of three stories. '

Over story ; deciduous trees (Stewartia monadelpha S. et Z. and Carpinus spp.)
Middle story ; broad leaved trees (Ilex pedunculosa Mig. and Carpinus spp.)
Under story ; Japanese fir, Japanese hemlock and broad leaved trees

And 11-stand was single storied Japanese fir forest.

2) The investigated Japanese fir stand in 1l-stand was 42~47 years old and had closed crown.
Its mean diameter breast high was 10.4 cm, and mean tree height was 7.6 m.

3) Relative light intensity under forest crown was 1.7% in average in 9-stand and 1.5% in
average in 1l-stand.

4) Each allometric relation of weight of stem, branch and leaf to diameter was as follows :

log ws=1.374 log D%,3+1. 380 fir and hemlock in 9-stand (Fig. 6)
log ws=1.014 log D?%.3+2. 103 fir in 11-stand (Fig. 6)
log ws=1.117 log D% .3-+1.879 fir and hemlock in 9-stand (Fig. 6)
log ws=1.074 log D? 3+2.060 fir in 11-stand (Fig. 6)
log ws=0.914 log D% 3-H+1.507 fir in 9 and 11-stand (Fig. 7
log ws=0.941 log D% 3-H+1.345 hemlock in 9-stand (Fig. D
log ws=1.255 log D%.;+1.143 fir and hemlock in 9 and 11-stand (Fig. 9)
log wr=1.173 log D% 3+1.186 fir and hemlock in 9 and 11-stand (Fig. 10)
log wr,=0.919 log D% 3+1.625 fir and hemlock in 9-stand (Fig. 10)
log wr=1.135 log D% 3+1.356 fir in 11-stand (Fig. 10)
log wi=1.117 log D?%+1.532 fir in 9and 11-stand (Fig. 1D
log wr,=1.117 log D?*+1. 356 hemlock in 9-stand (Fig. 11
log win=0.937 log D?%.;+0. 277 fir and hemlock in 9-stand (Fig. 12)
log win=1.162 log D% ;3+0.385 fir in 11-stand (Fig. 12)

It seems that there is a difference between Japnese fir and Japanese hemlock in some allo-
metric relations.

5) The estimated standing crop of Japanese fir in 11-stand per hectare was 76.9 ton (stem),
30.4 ton (branch) and 20.8 ton (leaf) in dry weight, and in 9-stand, the standing crop of Japanese
fir and hemlock per hectare was 32.4 ton (stem), 14.0 ton (branch) and 9.4 ton (leaf) in dry
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weight.

6) There was distinct difference between allometric relation of stem weight increment to leaf
weight of Japanese fir in 9-stand and in 1l-stand, and the increment per leaf weight in 11-stand
was over three times as much as in 9-stand (Fig. 15).

7) In case of this investigation, net-assimilation rate of Japanese fir in 11-stand was estimated
1.100 (@’ 1)~0.732 (a’2) g /g year, in Japanese fir and hemlock in 9-stand, its value was 0.534

(a’3)~0.345 (a’)) g /g-year. Mean respiration rate of non-assimilation parts of these species
was 0.04 g/g-year in both stands (Fig. 16).

8) The dry weight of new leaf of Japanese fir was 2.5~13.8% (7.6% in average) of total leaf
weight in 9-stand and 7.2~14.9% (11.5% in average) in 11-stand. In case of Japanese hemlock,
dry weight of new leaf was 2.2~8.4% (6.1% in average) of total leaf weight.

9) The annual net production of Japanese fir in 11-stand was estimated to be 14.35 ton per
hectare in dry weight and in Japanese fir and hemlock of 9-stand it was estimated that the value
was 0.87~2.13 ton per hectare in dry weight. As Japanese fir and hemlock in 9-stand were
suppressed by broad leaved trees, the annual net production per leaf weight was less than in 11-

stand.



