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Studies on the Canopy Structure by Age Composition. (I)

On 16-year-old Forest of Pinus Thunbergi:.

Hitoshi NisHIDA and Tsunahide SuipE:
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Fig. 1. Allometric relations between the parts of canopy and Dg.
1-1 Total canopy fresh weight (W, .) in gram and Dy in cm.
1-2  Armrount of non-photosynthetic organ in the canopy (W) and Dp.
1-3  Branch fresh weight (W) and Dp.
1-4 Needle fresh weight (W;) and Dp.

WTENIZLAMBEOEROMMAERBERE D X0 3 Dy 22583 EDO ENRAE S
N25L5TH 5

THI1ITQA), 2), B), @) DEPRXPLHLHD LS THENOERE D, 0lFETEDLTER
HBOEEYN, WIFh3ITEWEREL NS 2, BEIWRE LT WD MEMITKL
LTndZtedBbed, IO LR—DOBBRIEWTHEORY D T L THEETS S
EERERT Lo

%72 (9K, log Ny=19932log Ds+1.0715 % b 1 EEBE O (N) 23 D2 ITHHAT L LN
ERMEDORMI Dy oI L TMEOLRER L LTOEMEVIBTRERDNEZ LER
LTwnb,

WERIZLAMER D I L THUBEZEERLZBLEETLIDTHS .

2) LS LZOBBEIZOWT
4 (A) L7 OB oM log N, 0% % Fig. 2-1, 2,3 TR T0o TRTOHERRAKITOWTO



144
AR G b 3HEEROER LT SERE SEEMUT U SERO, MEEI LT
3 2AOEBTEMNS NI T2bb AEARLY) ~FOETE LRSS S L3 KEDbN %o
FEERBRILOT A~ v TERLERCTE 1 AOERTENSH, BRLEEKoe I THS
EHDPLELARIIEE > T, (Fig. 2-4) '

—1
T 10°
10° 10°
N,y N,
(no/tree) (no/tree)
10" 10
g S 10° ,
100 1 2 3 9
2—4
10°
10°
10°
10° N,
N, (no/tree)
(no/tree)
10k 10'
100 L L L L s - PANET N N 10° 1 . 1 L é J
012 3456 78 9101 o0 1 2 3 4 5 6 7 8 9 10 11 12
A A

Fig. 2. Relation between logarithm of branch number of respective age (/V,) and age (4).
2-1 high density stand. (40, 000 per hectare)
2-2 middle density stand. (10, 000 per hectare)
2-3 low density stand. (2, 500 per hectare)
2-4 @ Pinus Thunbergii
QO Pinus densiflora
@® Abies firma
FRF -2 OBPEBRTHMETE AV, RLAXOHELESEMEDS L NWIEL T4
BT oBMAROBEEY, ELSLBENDL LI IEDLDNL, FEERETAE I/ v~ Y T3IHE, L
BERBRMOT <y T1IE MRUEEAROETITTELE> TV,
—RiT 4 & N, oBifg e THRbT &
NA = k(e_a)A ........................................................................ (5)
TZTkIFORAERRZIFEEOEY
a HEROME



145

£G)KD e kr LB

Na=krd (6)
%Y Fig.5-1,2,3 REDLINL2ROEZBBACOnTEhEnr DEHBRD LN L, T%D
b AE N, OBMIKHESFEEBE LTI PWITALEZ LIXTHHIHE Al r OFREBBKRY L
DEEZTI

Table 1. Geometric ratio ry and rg estimated after Motomura’s method and these
reciprocals in (6) equation.

Tree No. j " l R* re | Ry**
1 0.640 ’ 1.563 0.386 2.592
2 0.583 1715 0417 2.400
3 0.644 ’ 1.553 0.379 2.641
4 0.526 | 1.901 0.411 2.435
5 0.551 | 1.815 0.294 3.400
6 0.473 ’ 2.114 0.325 3.077
7 0.696 ! 1.437 0.458 2.182
8 0.786 g 1.272 ] 0.512 1.953
m i 0.612 i 1.672 0.399 | 2.585
s 0.010 [ 0.073 0.005 1 0218
9 0.566 1.767 0.462 l 2.167
10 0.577 ‘ 1.733 0.393 2.546
11 0.589 ‘ 1.698 0.395 | 2.530
12 0.522 1.916 0.312 | 3.207
13 0.672 1.488 0.386 2.591
14 0.612 1.634 0.438 2.286
15 0.478 2092 0.235 ] 4.252
m | 0574 | 1.761 0.374 1 2.797
s | 0.004 0038 0.006 ! 0.520
16 0.538 1.859 | 0.413 2.422
17 0.607 1.647 0.482 2.076
18 0.555 ; 1.804 0.368 2.790
19 0.704 : 1.420 0.488 2.049
20 0.622 1608 0.505 1.979
m | 0605 1667 \ 0.449 | 2.263
5 \ 0.004 | 0.030 i 0.004 | 0.11g
* Ri=1/ry
** Ry=1fr,
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Fig. 3. Relation between the logarithm of branch average weight of
respective age (W) and age (4).
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Fig. 4. Relation between total branch num-
ber of age 1 (N;) and D} in the olgari-
thm.
10° : 1 1
10t 10 10°
N,
10'k Fig. 5. Relation between total branch weight
of age 1 (W,) and branch number of age
L(Ny).

@ high density stand.
® middle and low density stand.

log N, = 0.9966 log D*+ 10715 ---(9)
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Fig. 6. Relation Between the logrithm of branch 40, 000 A X

diameter of respective age (D) and age (4).
log W, =1.5022 log N; —1.0761---(10)
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log D;=0.2706 log Dp—0.4629 ---(13)
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10, 000 & [X 2, 500 #& X
]jloc5.5222 DB—0-3524 ............................................................... (15)'
L% 5,

ThbbRBEXTE Dy OBME LI L HEL AL, o EEERTRIITHK



149

Y+ BEEICH DL END T EITE Do
—HEMUAREE Dy oL 2B L CABE Table 2. ITRFTZTELITAED, &EkD Dy
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Fig. 9. Relations between average branch length of age | (L,) and Dy.
9-1 highdensity stand 9-2 middle and low stand.

BEER L EEERT W L N OBGRIGESRONILT Lo TORRE LT Ds iTx
T2 L OWBHENBILELIELE, WAHAWALLZMESEND IPHEMERITSHITOTD
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%4 Table 3. (TR LSOO EE, FHKRE, FHRIOMITHILT 2 FLBKO
AN, Ry, Rp, R, OB WK EEL LT IMEFHEITEL - 7

Table 2. Average weight, diameter and length of one-year-old branch.

Tree No. | Dpg* 1 Wx* ‘\ Dy % Lywxxx
1 4.30 1.15 0.45 8.74
2 2.40 0.72 0.42 5.70
3 6.59 1.43 0.52 7.41
4 3.85 1.07 0.57 4.97
5 3.00 0.72 0.52 4.38
6 4.84 1.75 0.59 7.29
7 1.60 0.18 0.35 1.08
8 2.10 0.24 0.39 1.00
9 7.71 0.73 0.54 3.05
10 6.43 0.86 0.61 3.35
11 4.43 0.66 0.56 2.96
12 3.50 0.36 0.44 1.65
13 0.59 0.51 3.24
14 2.07 0.52 0.44 5.35
15 2.99 0.95 0.50 5.59
15 2.99 0.95 0.50 5.59
16 6.43 0.73 0.58 4.16
17 9.00 0.86 0.59 3.50
18 3.10 0.90 0.47 6.17
19 2.67 0.57 0.46 4.15
20 9.27 0.80 0.64 2.99
* Dp : trunk diameter just below the lowest branch. (cm)
#* I, : average branch weight of age 1. (g)
**% J) : average branch diameter of age 1. (cm)

*¥*x% [, 1 average branch length of age 1. (cm)
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Table 3. Geometric ratio Ry, Rp and R, estimated after weighted average method.

Tree No. Ry * Rp** R, ***
1 3.185 1.341 1.596
2 2.982 1.235 1.893
3 2.674 1.335 1.537
4 3.429 1.308 1.946
5 3.326 1.261 ‘ 2.087
6 3.337 1.288 1.857
7 3.652 1.193 ; 3.223
8 3.850 1.185 ‘ 2.905
9 2.633 1.348 ’ 1.384

10 2,779 1.258 1.697
11 2.959 1.200 2.091
12 3.613 1.275 2.744
12 3.613 1.275 2.744
13 . 2.929 ‘ 1.156 ‘ 2.107
14 3.052 | 1.200 ! 1.788
15 3.494 1.200 2.271
16 3.124 t 1.330 1.467
17 2.528 1.299 1.466
18 2.736 i 1.188 ‘ 1.782
19 2.234 1.113 1.460
20 2.463 1.320 1.341

* RW=I?A+1/£7A -
*x RD:QA+1/?A
*** Ry =L/l

4. & & »

APFRZEN (B4) KI2HEME0RTLtRAALIOTS S,

DETBRHF LX) WHER 2k E LT (Wesr), B3EL TS (We, Wi Wo) EBTHEER
HLUTHUEGSEZEERBEY L30T 5, - 1FEBOBRR, #EoXmgrEht
LDEZELLNLEDT, ThPAKETEROZRIIHMAT L LW ZEREVEEREIF—DD
HREIZEWT, BEEAETERLHUERER b OHE - BHT230TH 2, (Fig. 1,2,3,
4, Fig. 4)

THIHBEOMBITIEE T2 L4 OHBERE T LI o hiEse, TOFHES, P
BRE, FHRILOWTEEEMIZ, FREBROBBERLOOEETIIOTHII LNV T
EMEINHMTHLLIZ A oTe MBEBIREFTIZING200HHBIT2) HOKELTER L DOH—
Kasie 52, BEOERT 0« HBIEE v HEYPHHRZ OB THOA H =X LT
DT LI EBEBROMBLELEDLTHA Do
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Résumé

The age composition of branch was studied for the quantitative analysis of canopy struc-
ture in Japanese black pine forest stands at Shirahama, Wakayama Pref. The practice of
the investigation was carried out in three stands with different density of 40,000, 10,000 and
2,500 per hectare in March 1971.

20 sample trees of various sizes were cut down at the base. Stem, branch and leaf com-
posing the canopy were cut off separately by age, counted and weighed. The amount of
volume increment was estimated by stem analysis.

The results obtained were as follows:

1) The relations between total fresh weight of canopy (W,..) and trunk diameter
just below the lowest branch (D) and between fresh weight of non-photosynthetic organ in
the canopy (W) and Dy were closely correlated by linear relation in logarithmic scale
(Fig. 1-1 Fig. 1-2). The relations were as follows:

log Wc,1=2.7281 log Dy+1.8627

log We =2.7466 log Dp+1.6953
On the other hand, next equation was seen between number of branch of age 1 and Dg,
i.e,
log N1=1.9932 log Dg+1.0715

2) The relation between logarithm of branch number of respective age (V,) and age
(4) was approximated by two regression lines, in which the points changed from one to the
other at the age 3. The age of the turning point of the lines seemed to be related to the
species of trees or life lenght of the needles (Fig. 2-1, 2, 3).

3) Average branch weight (,), average branch diameter (D,) and aberage branch
length (I,) in the respective age were approximated by the geometric series concerning to
the age (4), and the relations were arranged by following equations:

WAZ WlR%_l, where RW: WA+1/ WA
DA = Dleﬁl, where Rp= .l_)A+1/ DA
ZA = Z]Ré_l, where RL = ZA+1/ Z:A
In the equations, respective geometric ratios seemed to have some constant values in
spite of difference of the density (Table 3).
Namely, crown sizes of each tree seemed to have similar form in weight, and the number
of one-year-old branch seemed to be proportional to the surface area of the crown of each

tree. Every crown had a characteristic structure for the age composition, which was
shown by some geometric series.



