Primary Production and Distribution of Produced Dry
Matter in a Plantation of Cinnamomum camphora*

—Materials for the studies of growth in stands. 7.—
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S 1. INTRODUCTION

a0 Dry matter production of a plantation of Cinnamomum camphora (Lauraceae) in the
Tokyo University Forest In Tiba was analysed on the same line as the previous papers. 0~
It is very important to compare various aspects of dry matter production of different
types of forest ecosystems as a basis for a better understanding of growth of forest trees.
Many works have been made on the biomass and production of forests of conifers and
déciduou_s broad-leaved forests since the work of BoysEN JENSEN and MULLER? , and consider-
able number of papers were already published. However, when the field work of the
present study was made in 1956, works on the forests of evergreen broad-leaved trees were
not yet published, partly because such forests are not common in the countries of Europe
a-nd North America where forest sciences are well developed. In the last few years,
considerable number of works on biomass and production of evergreen broad-leaved
forests have been published. On tropical forests, works on various forest types in
Thailand*+ 80,5, on 2 tropical rain forest in Coéte D’Ivoir?®, on montane rain forests? 2®
and mangroves® in Puerto Rico were published. On evergreen broad-leaved forests of
tg,:pperate ZOne, works in Osumi Peninsura in southern Japan were published!® 552 but
all these works were made on mixed forests consisted of many species. As for some-
what pure stand, works on natural forests of Castanopsi's cuspidatat® 11, 46,4950 and works

* Contribution from JIBP-PT No. 17.
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on natural forests of Cameria japonica®™ were published and the last three of therm'® 2
were summarized by the authors themselves along with other materials®. These natural
forests are also not so simple as plantations in structure and in species composition.
However, studies on even-aged pure stand have not been made except works dealing
with very young plantations of Acacia mollissima*™*” which is an exotic species of
special nature. In most of these works, merely biomass and production of tree laver
were estimated but detailed analysis was not made. It is desirable to work with forests
of simple nature as the first step of this kind of works.

The author wishes to appreciate with thanks the assistance given by Mr. Y. Kastya
in the field works.

II. THE PLANTATION

The plantation of Cinnamomum camphora, in which the present work was made,
located in the section b, compartment 17, of the University Forest. The place is called
Oppara. The approximate longitude and latitude are 140°09°E and 35°09'N. Altitude is
about 200 m above sea level. According to the record from 1944 to 1953 of the meteoro-
logical observatory of the University Forest at Kivosumi, about 5km south of the
plantation, monthly mean temperature was highest in August (25.4°C) and lowest in
February (4.5C), and annual precipitation was about 2300 mm. This plantation located
in a little inland and natural vegetatioﬁ around the plantation contained more decidugus

Fig. 1. The stand of Cinnamomum Fig. 2. Crown canopy of the stand of
camphora. Cinnamomum camiplora.
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elements than in Kiyosumi. The plantation was on a flat hill of diluvium and site
quality was ranked as medium.

C. camphora trees were planted in 1910 under the protection of Pinus thunbergii
trees which had been planted aforehand in 1907, to avoid cold damage, and then pines
were gradually removed and the plantation was changed into a pure stand of C. cam-
phora. Still at the time of the field work, some of the planted P. thunbergii trees and
natural P. densiflora trees which invaded at the time of planting remained in some parts,
but most part of the plantation was a pure stand of C. camphora. The study was
made on a part of pure stand. Thinning was not made for a long years before the field
work. The forest is shown by the photograph of Fig. 1. Foliage distributed only in the
upper part of the canopy. Between the
foliage of each tree there was a gap of

8 s
nearly the same width, and crown of o
different trees did not intermingle each é
other, as shown by the photograph of =
Fig. 2. The sample plot covered an g o
1 I 1 1 ]
area of 0.97 hectare. The outline of % 50
. . DBH (cm)
the stand is presented in Table 1, and
o . . . Fig. 3. Percentage distribution of diameter
frequency distribution of diameter breast breast high.
high is shown by Fig. 3.
Table 1.
Age D.B.H. Height Basal area Number of
g (cm) (m) (m2%/ha) trees/ha
46 ' 18.2 ’ 16.6 32.35 1,250
III. METHOD

Field work was carried out in July, 1956. At the time of the field work, leaves of
C. camphora developed fully but growth of the current season was not yet completed.
Of all trees in the sample plot, diameter breast high was calipered to the nearest centi-
meter, and 15 sample trees were selected according to the URrLICH-II method. After
felling each sample tree, height was measured and positions of branches were recorded.
When, in the crown canopy, the main stem was not to be clearly distinguished, strongest
one in the direction of trunk was assumed as stem. The height-diameter curve of sample
trees is shown by Fig. 4. All leaves were immediately stripped off, weighed, mixed
thoroughly, and samples of 20~30g were taken. Dry weight and area of the leaf samples
were determined in the laboratory, to obtain the basis of conversion of fresh weight into
dry wight and area. Dry weight was determined by drying the samples at 85C for 48
hours and area was determined by means of dot-counting method®®. All of current
year shoots were cut off and weighed, and then mixed thoroughly and samples of 20~30 g
were taken. Dry weight of them were determined in the laboratory by drying the
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samples at 85°C for 72 hours, and volume

? 2 ¢ was determined by replacing water, to

° obtain the basis of conversion of fresh

2 . % weight into dry weight and volume.

=R All branches older than one year were

% cut off and separated into three classes

= by diameter: below lcm, from 1 to

5cm, and above 5cm, (if any). They

0 [ ‘ | were weighed separately. From bran-

0 5 ches below lcm, samples of 25~85¢g

Fig. 4. The relatioimiet:vlt)een the tree height were taken and their relative growth

and diameter breast high of sample trees. rate of cross sectional area for the latest
open circles: sample trees, filled circles: mean one year, for 1955, was determined.

of each diameter class. From branches between 1 and 5cm,

from 2 to 10 discs, depending on the size
of the sample tree, were taken and weighed separately, and the relative growth rate
of cross sectional area for the latest two years, for 1954 and 1955, was determined.
From these growth rates increment of whole branches below 5cm was estimated.
For branches above 5cm in diameter, discs were taken from all branches at an
intervals of 1m, weighed and increment for the latest two years, for 1954 and 1955,
was determined in the method similar to stem analysis. These samples and discs were
weighed immediately after taking and dry weight and volume of them were determined
afterward, to obtain the basis for conversion of fresh weight into volume and dry
weight and also volume into dry weight. Discs from stems were taken at the height
of 0m (ground level), 0.3m, 1.3m above ground, from breast height to the lowest
branch they were taken at every 2m, and within the crown at every 1m. From
these discs volume growth of stem was determined by means of stem analysis.
Volume was converted into dry weight and fresh weight using the conversion factor
determined on the discs which were treated as the discs from branches. Bulk density
of discs averaged 0.585.

Biomass of undergrowth was determined by five sample plots of 1x1m. All plants
in the plots were clipped off and dry weight and area of leaves and dry weight of other
parts were determined for each species. Of woody plants, increment in woody parts
was determined by means of stem and branch analysis, on some subsamples.

IV. BIOMASS

1. Tree layer
A. Estimations

Two methods were used for the estimation of the standing crop of the tree layer.
One is principally the same as the method presented by KITTREDGE'® for the estimation
of leaf mass of forest stand. This method can be used not only for the estimation of
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the amount of foliage leaves but also for the estimation of the amount of other
parts?® 4% 4340 The estimation of the amount of parts of trees per hectare were made
by the following way: determining the regression equation representing the allometric
relations between diameter breast high and amount of the parts of the sample trees,
calculating the amount for each diameter from the equation, multiplying the amount
per tree with the number of trees per hectare of corresponding diameter, and summing

up the products.
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Fig. 5. The relations between diameter breast high and amount of
foliage leaves of sample trees.
circles: fresh weight, triangles: dry weight, squares: area,
inverted triangles: number.
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The relations between the diameter breast high (D cm) and the amount of part of
trees (W) are shown by Figs. 5~9, and expressed by the equation

1,000

(- (@ .
a
0.1
10+ -0.01
Ll P R BRI P
10 30 5 10 30

—

=3

=3
T

WEIGHT (kg)
(@ M) FNNTOA

%
| 1 aaal 1 -l
5 10 30

5

DBH (cm)

Fig. 7. The relations between diameter breast high and mass of stems
of sample trees. See the explanation of Fig. 6.
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Fig. 8. The relations between diameter breast high and Fig. 9. The relation between dia-
mass of non-photosynthetic systems of sample meter breast high and dry
trees. See the explanation of Fig. 6. weight of sample trees.

log W:blogD+a .......................................... (1)

where @ and b are constants. The constants for the amounts of parts of trees and
whole trees are determined by means of least square and presented in Table 2. By
means of the equation (1) and the constants in Table 2, the amount per tree for each
diameter were calculated, with the frequency distribution of diameter shown by Fig. 3,
the amount for 1”/1}ec,tare‘ovf the stand were estimated and presented in Tables 3~5.
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Table 2. Constants for the equation log W=5 log D+a (1) for biomass estimation

where D is D.B.H. in

cm and W is quantity per tree.

; Corresponding
w Unit b a text figure
Leaf Fresh weight kg 2.4283 —2.1580 5
Dry weight kg 2.5386 —2.7451 5
Area m? 2.4732 —1.6316 5
Number 2.4089 +1.0968 5
Branch Fresh weight kg 2.8881 —2.0770 6
Dry weight kg 3.0604 —2.5244 6
Volume dm? 3.0622 +0.6719 6
Stem Fresh weight kg 2.4221 —0.7584 7
Dry weight kg 2.3820 —0.9383 7
Volume m?3 2.4158 —3.7433 7
Non-photosynthetic Fresh weight kg 2.5031 —0.7784 8
systems Dry weight kg 2.4836 —0.9850 8
Volume m3 2.5226 —3.7649 8
Total dry weight of tree kg 2.4840 —0.9763 9
Table 3. Amount of leaves per hectare
Fresh weight Dry weight Area
h
Method (kg) (kg) (m?) Number
Equations in Table 2 11044.43 4073.03 42753.43 18332686
Ratio of cross sectional area 11854.67 4537.14 48834.15 18846030
(11.0-11.9t) (4.1-4.5¢t) (4.3-4.9ha) (18-19x108)

Table 4. Amount of branches and stems per hectare

. ; Ratio of cross
Method Equations in Table 2 sectional area
Fresh weight (t) Branches 56.466 64.294
Stems 272.550 255.296
Branches+Stems 329.016 319.590
Branches & Stems (direct) 334.746 _
Dry weight (t) Branches 35.034 37.379
Stems 156.993 150.812
Branches+Stems 192.027 188.191
Branches & Stems (direct) 195.641 —_
Volume (m3) Branches 55.305 . 61.169
Stems 324.637. 270.526
BranchesStems 379.942 331.686
Branches & Stems (direct) 366.603 —_—
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The other method is multiplying the sum of the amount of parts of sample trees
with the ratio of cross sectional area of all trees in the stand (32.3496 square meter per
hectare) to the sum of cross sectional area of sample trees (0.3492 square meter). The
amounts thus estimated are presented in Tables 3~5.

The estimates by the two methods resulted slight differences. Estimates by the
first method were smaller for the amount of leaves and branches and larger for the
amount of stem than the estimates by the second method. The estimates for the
amount of non-photosynthetic parts and for whole tree were also larger by the first
method of which most parts were consisted of stem. ’

Table 5. Biomass of the tree layer above ground (t/ha)

Method Leaves Branches Stem Total
Equation in Table 2 Amount 4.073 35.034 156.993 196.100
Percentage 2.1 17.9 80.0 100
Ratio of cross sectional area Amount 4.537 37.379 150.812 192.728
Percentage 2.4 19.4 78.2 100

B. Leaf biomass
Among these estimates, the amount of stem is an accumulation of increment for
many years and the amount of branches is easily affected by stand density**®, but
amount of leaves are not affected by many factors?”, and can be compared with other
stands. Leaf biomass of this stand was, as shown by Table 3, 11.0~11.9 metric tons
per hectare in fresh weight, 4.1~4.5 tons per hectares in oven-dry weight, 4.3~4.9 as
leaf area index or 18.3-18.8 millions in number. For the purpose of comparison, values
of leaf biomass of evergreen broad-leaved

100~ forests were collected from publications

-%""N and shown in Table 6. The value for
° . this stand is not so large as compared
> with others, even when the leaf biomass
50 of the undergrowth is taken into account.
s~ C. The percentage distribution of dry
matter within the tree layer.
TarT—- a As shown by Table 5, of biomass of
the tree layer, about 2% was leaves,
about 18~19% was branches and 78~80%
IR oo was stems. However, among individual

DISTRIBUTION OF DRYFMATTER (%)
>
N

a~ trees, the percentage distribution was

| I 1 . . .
% ' 10 ' 20 ' 30 different by tree size such as diameter,

DBH (cm) height and amount of leaves per tree.

Fig. 10. Distribution of biomass into parts of As shown by Fig. 10, in the range of
trees in relation to diameter breast high.

Circles: stem, triangles: branches, square:

leaves. 26.5 cm, percentage of stem decreased

diameter breast high between 10 and



Table 6. Leaf biomass of evergreen broad-leaved forests
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Tree layer Undergrowth
. Refer-
Locality Dry Leaf area Dry Leaf area) ence
weight ind weight ind
t/ha index t/ha index

Tropical forest Belgian Congo 6.5 — — — 1
Tropical rain forest Céte D’Ivoir 2.5 3.2 — 0.5 23
Tropical forest Ghana 7.0 — — — 27
Lower montane rain forest Puerto Rico 8.1 6.4 — — 29
do. do. 7.3 13.9 — — 28

Red mangrove do. 5.4 — — — 4
do. do. 7.8 — — — 4
“Wolkenwald” Venezuela — 1.5 — 0.4 53
“Quebradawald” do. 4.4 — 1.8 53
Tropical rain forest Thailand 8.2 — — — 14
Evergreen gully forest do. 14.5 12.1 — — 30
Tropical rain forest do. 7.7 10.7 0.6 1.6 31
do. do. 8.2 11.4 0.3 0.9 31

do. do. 7.8 10.8 0.6 1.5 31

Dry evergreen forest do. 11.8 — — — 32
do. do. 8.9 — — — 32

Castanopsis cuspidata forest Japan 10-20 5-9 — — 10
do. do. 12.4 — — — 10

do. do. 6.1 — — — 10

do. do. 10.9 — — — 10

do. do. 11.0 9.7 — —_ 9

do. do. 9.9 9.5 — — 9

do. do. 6.4 5.5 — — 9

do. do. 6.0 5.2 — — 9

do. do. 8.4 7.2 — — 9

do. do. 7.4 8.0 — — 46

do. do. 7.4 8.0 — — 49

do. do. 11.4 12.5 —_ — 51

Camellia japonica forest do. 7.5 6.2 — — 9
do. do. 7.1 5.6 — — 9

do. do. 7.6 6.8 — — 9

do. do. 7.3 — — — 37

do. do. 6.0 5.4 — — 37

do. do. 6.0 — — 37

do. do. 7.4 — — 37

Acacia mollissima plantation do. 9.9 9.7 — 47
do. do. 8 — — 50
Quercus-Rapanaea mixed forest do. 8.8 6.9 - — 9
do. do. 12.0 9.4 — 9

do. do. 9.9 7.7 9
Quercus-Camellia mixed forest do. 7.1 7.5 — — 9
do. do. 5.9 7.0 — — 9

do. do. 6.3 6.8 — — 9

do. do. 6.4 6.2 — — 9

Distvilium racemosum & others do. 11.4 8.8 -— — 12
do. do. 11.4 8.8 — — 15

do. do. 8.9 — — 15
Machilus-Shiia type do. 10.1-13.1| 7.3-9.6 — — 15
Shiia, Lithocarpus & others do. 8.7 7.6 — — 52
Lithocarpus, Machilus & others do. 13.6 10.6 — — 52
Machilus, Distylium & others do. 11.1 8.2 — — 52
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(significant at 19 level) and percentage of branches increased (significant at 5% level)
with increasing diameter. Percentage of leaves increased with diameter (significant at
1% level) among trees larger than 10 cm of diameter. In the other diameter ranges,
the trends were not significant. Fig. 11 shows the percentage distribution of the three
parts in relation to height of the trees. If smallest trees, 7~8m in height, were
excluded, with increase of height percentages of branches and leaves increased (significant
at 5% level) and percentage of stem decreased, but the trend for stems was not statisti-
cally significant. With increase of leaf area per tree, percentages of leaves and of
branches in total tree biomass increased and the percentage of stems decreased. These
trends were statistically significant (1% level). In short, it may be said that the per-
centages of branches and of leaves were larger and the percentage of stem was smaller
in larger trees, i.e., larger trees had more crown in relation to the size of stem than

smaller trees.
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Fig. 11. Distribution of biomass into parts Fig. 12. Distribution of biomass into parts
of trees in relation to height of trees. of trees in relation to leaf area. See the
See the explanation of Fig. 10. explanation of Fig. 10.

2. Undergrowth.

The undergrowth consisted of very abundant species: in five sample plots of 1 meter
square, there were 25 species of woody plants, 13 species of herbacious plants, and 16
species of vines. Important member of these 54 species are shown in Table 7. Biomass
of the undergrowth per 1 square meter is shown by Table 8.

3. Biomass of the ecosystem.
Table 9 sums up the biomass of this ecosystem, which amounted to about 200
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Table 7. Important species of undergrowth
Frequency 5: Rosa buergeri, Trachelosperum asiaticum, Oplismenus
undulatifolius var. japonicus
4: Hedera rhombes, Akebia trifoliala, Bladhia japonica,
Dioscorea japonica o
3: Lindera umbellata, Prunus incisa, Acer crataegifolium,
Rhus ambigha.
Number per sq. m 50{ Rosa buergerii, Trachelosperm asiaticum,
50-40: Oplismenus undulatifolius var. japonicus,
40-30: Bladhia japonica
10-5: Hedera rhombes
Dry weight per sq. m 20{ Rosa buergeri
a. dry wt. of leaves 10-5g: Quercus serrata, Deutzia crenata, Prunus incisa,
Castanea crenata, Dioscorea japonica
5-3: Bladhia japonica, Trachelosporum asiaticum, Oplis-
menus undulatifolius var. japonicus, Lindera wmbellata,
Pteridium aquilinum, Aucuba japowica
b. dry wt. above ground 40g{ Castanea crenata, Prunus incisa, Deutzia crenata
40-30: Rosa buergeri, Quercus serrata
20-10: Dioscorea japonica, Bladhia japonica
10-5: Awucuba japonica, Lindera umbellata, Oplismenus und-

ulatifolius var. japonicus, Tracheloperum asiaticum,
Rhododendron kempferi, Weigela coraeensis, Rosa poly-

antha, Akebia trifoliala, Lonicera gracilipes var. glabra

Table 8. Biomass of undergrowth per sq. m
Dry weight
Number | Number Frfesh Leaf area
of 1of weight c* F* Total sq. m
species ants : :
P P ® ® ® @

Woody species: )
above 50cm 4.2 10.8 719.2 168.06 46.82 214.88 0.669
below 50 cm 4.4 85.8 185.4 25.40 26.90 52.30 0.384

Herbacious spp. 3.4 54.2 85.0 0.36 20.20 20.56 0.505

Vines 7.4 80.2 217.2 37.20 20.40 57.60 0.272

Total 19.4 231.0 1206.8 231.02 114.32 345.34 1.830

Maximum 22 373 1673 438.4 153.2 591.6 2.241

Minimum 16 126 742 112.4 59.1 226.6 0.852

* C: non-photosynthetic system, F: photosynthetic system

metric tons per hectare and 98% of it was tree layer.
per hectare of which 80% belonged to the tree layer.
6.1, of which 80% belonged to the tree layer.

Leaf biomass was 5.2 metric tons

Leaf area index of this stand was

In total biomass, undergrowth could be

neglected, but in leaf biomass, undergrowth which is rather neglected in many of the

studies of the same nature as the present one, is too large to be neglected.
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Table 9. Biomass

Dry weight (t/ha)

Leaf area

Stems and index

Leaves Branches Stems branches Total

Tree layer (A) 4.073 35.034 156.993 193.027 196.100 4.275
Undergrowth 1.143 — — 2.310 3.453 1.830
Total 5.216 195.337 199.553 6.105

Percentage of tree layer 78.1 — — 98.3 98.3 70.0
Tree layer (B) 4.537 37.379 150.812 188.191 192.728 4.883
(Undergrowth) 1.143 — — 2.310 3.453 1.830
Total 5.680 — — 190.501 196.181 6.713

Percentage of tree layer 79.9 93.5 98.2 72.7

V. NET PRODUCTION

1. Tree layer

Dry matter production by the tree layer was estimated separetely as leaves, branches
and stems, but estimation of the production as roots was not made, because of the
difficulty involved and limited time.

A. Leaves

Every year in late April or in early May, new leaves unfold and old leaves are
shed, thus this tree species renews its leaves annually and has leaves produced in one
year. As new leaves had already fully developed in July when sampled, dry weight of
leaves in Table 2 was assumed as annual production. Howéver, though the leaves
seemed to be mature when sampled, it is possible that there is some further increases
of the weight of leaves with lapse of time. This might result underestimate of leaf
production, though some parts of the matter in leaves could be recovered before they
are shed. There are also possibility of underestimate by not measuring leaves already
shed or grazed by larvae of insects, but damaged leaves were not found and there was
not any serious cause to lose leaves.

B. Branches and stems.

Dry matter production as stem was estimated by converting the mean of volume
increment for 1954 and 1955 into dry weight with bulk density of wood for each tree.
Volume increment was determined by means of stem analysis. For the estimation of
dry matter production as branches, different methods were used for different parts of
branches. Branches consisted of two parts: new shoots which contain only the products
of the current year and older branches which contain the products of the current year
as well as products of the past one to several years. Dry weight of the current year
shoots was assumed as the annual production, though there is possibility of underestimate
due to further growth of them. For the older branchs less than 5cm in diameter,
relative growth rate of samples was determined for each size class of branches, and dry
weight of the corresponding size class of branches was multiplied by it and the product
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was assumed as dry matter production of each size class. Dry matter production as
branches larger than 5cm in diameter was determined in the same way as stem, piece
by piece.

Dry matter production as stems and branches per unit area was estimated by two
methods which are the same as those in the estimation of biomass. The relations
between diameter breast high of sample trees (D cm) and growth of branches and stems
(W) are shown by Figs. 13~16, and expressed by the equation (1). Constants in the
equation (1) are shown in Table 10 for each part and for different expressions of growth.
With the equations and the stand table showing the distribution of diameter, dry matter
production and volume increment were estimated and shown in Table 11. Table 11
also shows the estimates with the value for sample trees and the ratio of cross sectional
area of all trees in one hectare of stand to sample trees. For all estimates, the estima-
tion with the ratio of cross sectional area resulted larger value than with allometric
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Fig. 13. Increment in stems in relation to Fig. 14. Increment in branches in relation
diameter breast high of sample trees. to diameter breast high of sample trees.
circles: dry matter, triangles: volume See the explanation of Fig. 13.

Table 10. Constants of the equation, log W=b log D+a, for estimation
of production, where D is diameter breast high in centimeter
and W is the quantity per tree.
: Corresponding
Unit a b text figure
Branch Volume cc 2.3931 +0.7144 14
Dry matter g 2.3671 +0.5685 14
Stem Volume cc 2.6685 +0.3864 13
Dry matter g 2.6577 +0.1590 13

Non-photosynthetic Volume cc 2.5281 +0.8718 15
systems | Dry matter cc 2.3775 +0.8367 15

Whole tree g 2.5256 +0.8205 16
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the explanation of Fig. 13.

Table 11-A. Increment of woody tissues (aboveground only) m?ha

Branches Branches

Method Branches Stems +Stems & Stemns

Equations in Table 10 7.451 8.225 15.676 16.104
Ratio of cross sectional area 8.673 8.207 16.880 —

Table 11-B. Dry matter production (aboveground only) kg/ha

Method Bquatonein | Ratio of o
Tree layer 1. Leaves 4073.03 4537.14
2. Branches 4864.45 ‘ 5740.85
3. Stems 4700.81 4736.43
4. Branches+Stems (2+3) 9565.26 10477.28
5. Branches & Stems (direct) 9312.26 —
6. Total (1+2+3) 13638.29 15014.42
7. Total (1+5) . 13385.39 —
8. Total (direct) 14268.19 —
Undergrowth 9. Leaves 1143.2
10. Non-photosynthetic systems 480.4
11. Total (9+10) 1623.6
Total 12. 6411 15261.9 ! 16638.0
13. 7+11 15010.0 —
14. 8411 ) 15891.8 —
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relation, though the difference was slight. Dry matter production by the aboveground
parts of the tree layer was estimated as 13.4~15 tons per hectare. Volume increment
in the stems was estimated as 8.2 cubic meters

2. Undergrowth

Undergrowth was very complicated in its composition and estimation of dry matter
production by them is very difficult, and so in many cases it is neglected or given up.
However, as shown by Table 9, it has considerable amount of leaves and production by
them cannot be neglected. Life span of leaves of evergreen member of undergrowth is
not known, but it was assumed that their leaves are renewed annually. All of her-
baceous plants were counted as the products of the current year. From the measure-
ments of samples, it was assumed that one tenth of woody parts of woody plants higher
than 50 cm and one third of woody parts of those lower than 50cm and vines were
considered as the products of the current year. The estimate of dry matter production
by undergrowth amounted to 114.32 g of leaves and 48.04 g of woody parts per square
meter, in total 162.36g per square meter or 1.62 tons per hectare. Net production as
the aboveground parts of this ecosystem was estimated as 15.1~16.6 tons per hectare, as
shown by Table 12.

Table 12. Annual net production (t/ha)

Tree layer | Undergrowth Total
Leaves 4.1- 4.5 1.1 5.2- 5.6
Non-photosynthetic systems 9.3-10.5 0.5 9.9-11
Total 13.4-15.0 1.6 15.1-16.6

Dry matter production as roots and other subterranean parts were not estimated.
If it is one fifth of the production as stem and branches, as assumed by many authors,
it may be 1.9~2.1 tons per hectare, and net production by this ecosystem may be 17~
19 tons per hectare per annum,

3. The efficiency of solar energy utilization.

Knowing the annual amount of the solar radiation reaching the surface of a plant
community and energy content of the primary production of the plant community, the
over-all efficiency of the solar energy utilization for the production of organic matter
can be calculated if respiratory activity is excluded. Estimation of the efficiency of
energy conversion by forest ecosystems was made recently by many authors?®$ 7 233435,
46,4749 MULLER and NIELSEN?® reported an efficiency of 0.8% of visible light for a
tropical rain forest. They also reported a high efficiency of 4.6% for Eucalyptus saligna
which was calculated from the data of FAO. According to HELLMERS and BONNER”, the
efficiency of agricultural crops ranges from 2 to 2.2%, of the visible light regardless of
kind of crop and locality. TADAKI*” obtained a high efficiency of 1.3% for whole year
and 1.9% for the growing season of the total incident solar energy by a plantatoin of
Acassia mollissima in Japan. These values are equivalent to about 2.9 and 4.2% of the
visible light, respectively.
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The total solar and sky radiation on a horizontal surface in Tokyo, which is the
nearest observatory to the site of the present study, for the year previous to the field
work, from April 1955 to March 1956, was 90.417 x10® Cal., according to the Geophysical
Review published by Japan Meteorological Agency, Tokyo. Assuming that 1g of dry
matter is equivalent to 4 Cal., (according to the measurements by OVINGTON and
Herrkame®®, it ranged from 3.317 to 5.180 Cal.), the net production of this ecosystem
was converted into energy:

tree layer: 13.4~15.0t=>53.6-60.0x10° Cal.
undergrowth: 1.62t=6.5x10°Cal.
in total: 60.1~66.5x10°Cal.

These values are equivalent to 0.66~0.74%5 of the total incident solar energy for a
year and 1.00~1.11% of the total incident solar energy of the growing season (April-
October). Photosynthesis in the wintertime in this climate is very slight and sometime
exceeded by respiration?¥. Assuming that the visible light of 4000~7000A is 45% of the
total indicent light, as MULLER and NieLsen®® did (44.3% according to BraY®), the
efficiency is 1.47~1.64% for a whole year and 2.22~2.47% for the growing season. The
latter value is very close to the value calculated by HELLMERs and BONNER™ of Pinus
silvestris®® and Fagus silvatica®.

VI. DISTRIBUTION OF PRODUCED MATTER WITHIN THE ECOSYSTEM

Yield of timber by a forest ecosystem depends not only on the photosynthetic efficiency
or gross production and net production, but also on the percentage of distribution of
the net production into stemwood. Therefore, to know the reason why the timber yield
is large in some case and small in the others, and to improve the silvicultural practices,
information on the distribution of produced matter into parts of ecosystem is very im-
portant.

1. Distribution into parts of the ecosystem.

Pattern of the distribution or distribution ratio of net production into the parts was
induced from Table 11. Distribution ratio differed slightly by the method of estimation
of net production, as shown by Table 13. Of 15.1~16.6 tons per hectare of the annual

Table 13. Distribution of produced matter (25)

Within woody

Method of estimation Within woodland Within tree layer tissues of tree layer
of increment g;ii grg(\i:tz Stems |Branches| Leaves | Stems |Branches

Ratio of cross sectional area [ 90.2 9.8 31.6 38.2 30.2 45.3 54.7
1* 89.4 10.6 34.5 35.6 29.9 49.1 50.9

Equations in Table 10¢{ 2* 89.2 10.8 —_ — — — —
3* 89.8 10.2 — — — — —

*]: estimating each part separately, 2: estimating leaves and others separately, 3: estimating
as total, from the equations.
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net production of the ecosystem (aboveground) about one tenth was distributed into the
undergrowth and about nine tenth were distributed into the tree layer. This ratio, of
course, differes by the penetration of light through the crown canopy which is different
with species and age of trees.

Of 13.4~15.0 tons per hectare of annual net production as aboveground parts of the
tree layer, about 30~35% were distributed into stems, about 35~40% into branches, and
about 30% into leaves. The distribution into stem was only one third of production of
the tree layer excluding the roots, and it becomes far less if roots and undergrowth
were taken into account. The distribution ratio within the tree layer varies with tree
species and silvicultural practices. Mean of distribution ratios of twelve stands of four
coniferous species and of five stands of three broad-leaved species were shown tentatively
in a table in a previous paper®®. The distribution ratio into leaves is not so much
different from the average, but the one into stem is smaller and the one into branch is
larger than average, though the mean value in the table in the previous paper is based
on a few examples and more data are needed. From the viewpoint of forestry in which
prodution of stemwood is the objective, this stand is not efficient, more than one half
of produced non-photosynthetic system was branches. Only one third of net production
made stemwood, of which still some more

50—

parts are discarded as waste. If we con- - . G ﬁ//ﬂn’)’
sider a forest ecosystem as a factory of - P A
timber, “production cost” of this “factory” .
is very high. § 0 ,ﬁ\\AAN a o«

2. Distribution in relation to the size & | R N ?_\\/,A’A'

of tree. g : ° “

The pattern of distribution was related 2 ol °
to the size of trees, as it is very important, 2 % o = o
especially in the selection of trees in § L :/:/g/"( e N
thinning, to know the size class having § ° ° °
highest distribution into the stems. As E o | : } : . !
the dimensions of trees, leaf area per tree g LEAVES
was used along with diameter and height g - ° . °
which are used very often and easier to % L T
measure. Leaf area represents the domi- 5 - BRANCHES
nance of trees in the crown canopy better - i ° 5 9
than diameter and height, though it is L STEM °
not possible to measure for the practical I . 1 ' | . |
purposes. ' ’ 10 » o

cm

A. Relation to diameter. Fig. 17. Distributi]z:Ho; p)roduced dry matter

The upper half of the figure 17 shows into parts of trees in relation to diameter

breast high.
] circles: stem, triangles: branches, squares:
part to diameter breast high. For the leaves.

the relation of distribution ratio into each
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diameter ranges where linear relation is observed, regressions were determined. In the
figure, solid lines represent significant regressions and broken lines mean insignificant.
Up to 20 cm of diameter, with increase of diameter breast high, distribution into the
stem increased significantly, distribution into the branches seemed to decrease though
insignificant, but distribution into the leaves was not affected by the diameter. Above
this limit, distribution into the leaves increased significantly with increase of diameter,
but the distribution into the stem and branches did not show significant trends, though
it seems that distribution into the branches increased and distribution into the stem
decreased. Lower half of the figure shows the pattern of distribution derived from the
above results. As the sample trees could be divided into six diameter classes, mean
values of each class are shown. From this figure, it can be seen that the influence of
stem diameter on distribution ratio is less on the leaves and larger on the stems and
branches; it seems that there is an optimum range of diameter for higher distribution
into the stems.

B. Relation to tree height.

Sample trees can be divided into three height classes: lower or dominated tree class
which consisted of three trees of height between 7.1 and 7.6 m, medium or intermediate
tree class which consisted of seven trees of height between 12.2 and 16.0m, and higher
or dominant tree class which consisted of five trees of height between 18.2 and 19.3m.
The distribution ratio of the three classes are shown in Table 14. The distribution into
the stem is larger in the higher tree class and the distribution into the branches was
higher in the lower tree class, but distribution into the leaves was not much different
with tree class. However, among the trees of the higher class, distribution into the
stem decreased with increasing diameter or leaf area.

Table 14. Distribution of produced dry matter within tree in relation to height

Height (m) Distribution (%)
Mean Range Stem Branches Leaves
Lower 7.4 7.1-7.6 28.1 42.5 29.4
Medium 13.9 12.2-16.0 33.0 38.0 29.1
High 18.9 18.2-19.3 35.4 34.3 30.3

C. Relation to leaf area of tree.

Upper half of Fig. 18 shows the relation of the distribution ratio into each part to
the leaf area of tree. As in the case of diameter, solid lines represent the significant
regressions and broken lines mean that regressions are statistically not significant.
Among trees with more than about 20 square meter of leaf area, with increasing leaf
area the produced dry matter distributed significantly more into leaves and significantly
less into stems. Distribution into the branches seems to increase with increasing leaf
area, though the regression was not significant. Among trees with leaf area less than
about 40 square meter, with increasing leaf area, distribution into the stem increased



significantly and distribution into the branches
decreased significantly, but the influence of leaf
area on the distribution into the leaf was not clear.
The lower half of Fig. 18 shows the pattern of the
distribution into each part derived from the above
result. Trees were divided into five classes by their
leaf area and the mean value of each class are also
It may be said that the distribu-
tion into the leaves increased with increase of leaf

shown by circles.

area of tree, and tree with leaf area of about 36 square
meter has the highest distribution into the stem
and lowest distribution into the branches. As the
average leaf area per tree in this stand was 34 or
39 square meters, depending on the method of
estimation, trees with average leaf area had highest
distribution to the stem.

Diameter breast high of trees with about 36
square meters of leaf area was a little over 19 cm,
as shown by Fig. 5. Tree with diameter breast
high of 19cm, or 20cm from Fig. 17, has a height
of 18 m as shown in the height-diameter curve of
Fig. 4. Tree height of 18 m belongs to the higher
tree class in Table 14. From these interrelation-
ships, it may be said that highest distribution ratio

into the stem is found in trees of upper layer of

the crown canopy having relatively less leaf area
and diameter. Among trees of upper layer of the

canopy, trees with relatively larger diameter and

more leaves and branches have lower distribution ratio into the stem.
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If we consider

these trees as “wolf trees” in thinning practice, “wolf trees” could be defined ecologically
as “trees with larger crown which can produce more dry matter but the distribution
ratio of produced dry matter into the stem is lower”.

The pattern of distribution found here is somewhat different from the one found in
the stand of Populus davidiana®® and in a young stand of Pinus densiflora (unpublished).
In these cases, in trees with less leaves and smaller diameter, produced dry matter

distributed more into stems and less into branches and leaves.

informations are needed.

On this subject more

VII. THE RELATION BETWEEN DRY MATTER PRODUCTION AND
' AMOUNT OF LEAVES

In Fig. 19, the increment of dry matter in stem, leaves and branches of sample
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Fig. 19. Dry matter production and amount of leaves.

trees are related to the amount of leaves. Though the increment of dry matter increased
with increase of leaves, the pattern of the increase differed by part of tree. With in-
crease of leaves, the increment of dry matter in stems increased less than proportion to
the amount of leaves, and in branches more than proportion to the amount of leaves,
though the increment of dry matter of total aboveground parts was fairly proportional
to the amount of leaves. This difference in pattern of dry matter increment by parts
of tree reflects the different distribution ratio of trees of different size. This relation
may be described also in another way. Table 15 shows the coefficients of variation in
the dry matter increment per unit leaf. Irrespective of the expression of the amount of
leaves, the coefficient of variation was largest for the increment of stem and smallest
for the increment of total aboveground parts per unit leaf. This means that increment
of dry matter in whole aboveground parts is fairly proportional to the amount of leaves
but increment of dry matter as stem is not proportional to the amount of leaves, re-
flecting the differences in distribution ratio.

Table 15. Coefficient of variation of efficiency of leaves expressed
as dry matter production per unit leaf

Stem -+ Branch
.Base Stem Stem +Branch +Leaf
Area 40.2 (100) 27.4 (68) 21.3 (53)
Dry weight 37.0 (100) 22.2 (60) 15.8 (43)
Fresh weight 37.7 (100) 23.2 (62) 8.6 (23)

Dry matter production per unit amount of leaves, or net assimilation rate in British
terminology, is shown in Table 16. Net assimilation rate was calculated with two
methods; one is by dividing the value of net production in Tables 11a and 12 by the
amount of leaves in Table 3, another is by determining the slope of lines passing through
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Table 16. Net assimilation rate

From the value for stand Regression of
Base amount of
From equations| Cross sectional leaves and
in Table 10 area production
Leaf area g/m 319- 334 307 338
Fresh weight g/kg 1212-1292 1275 1198
Dry weight g/kg 3262-3505 3309 3509

the origin, as the relations of dry matter production as whole aboveground part to the
amount of leaves in Fig. 19 are nearly linear. There were little differences between the
estimates of the two methods. Net assimilation rate per year was 1200~1300g per 1kg
in fresh weight of leaves, 3300~3500¢g per 1kg in dry weight of leaves, and 310~340g
per 1 square meter of leaves. These values are smaller than the value for Betula ver-
rucosa®® (0.48 kg/sq. m=0.24 kg/sq. m both side) and similar to or a little less than the
value for Acacia mollissima (3000-4000 g/kg® and 3000 g/kg*”). The difference in net
production between this stand and Acacia stands are chiefly due to the difference in the
amount of leaves but not to the efficiency of leaves. Presuming that Betula verrucosa
has leaves for six months, OVINGTON and MADGWICK®® presented net assimilation rate
per week as 18 g per square meter. As Cinnamomum camphora tree has leaves throughout
the year, net assimilation rate per week was 6~7 g per square meter, a fairly high value
considering the adverse conditions for photosynthesis in the winter. NEGisI et al2®
measured seasonal change of net assimilation rate of open grown young plants of pollar
clones for 2 season in a nursery, reporting the value of net assimilation rate ranging
from about 0.1 to 0.9 g per 10 days per square decimeter. These values are equivalent to
and 63 g per square meter per week. These large values may be attained by the favorable
conditions in light and soils in nursery beside the character of the tree species. Kusu-
MoTo'" calculated the annual net production by leaves of Cinnamomum camphora from
the measurements of photosynthesis and respiration of leaves in laboratory conditions
and from change of light intensity and temperature throughout the year, and presented
a value of 1.39kg CO, per 50 square centimeter of leaves. Converting this value into
dry matter by multiplying with 0.614, annual net production by 1 square meter of leaves
becomes 170.7 kg. Even if the respira-

W 500F

tion by stems and branches were sub- E ° e °o ° ,
stracted from this value, net assimila- E’E ° 00& oéf):{,o; T
tion rate may be far larger than the E% o//o 9/’ 0 ® 1a°
value in this study. This large differ- §§ 7 e °
ence may be caused chiefly by the ﬁv L
mutual shading of leaves in stand and & , , e - , ,

. “ % 1020 300 10 20 0 10 20
favorable water supply in the labor- DBH (cm) HEIGHT (m) LEAF AREA (sq.m)
atory conditions. Fig. 20. Net assimilation rate in relation to the

Fig. 20 shows the relations be- size of trees.
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tween net assimilation rate and size or dominance of trees expressed by diameter breast
high, height, andileaf area per tree. Solid lines in the figure show that regressions are
significant, and the broken lines show that regréssions are significant only when they
were determined for 13 trees, excluding two trees with‘except/ionally high net assimilation
rate. Thus, among trees with diameter larger than 15cm and with leaf area larger than
20 square meter net assimilation rate decreased with increasing size of trees, while among
the trees with diameter smaller than 20 cm and leaf area smaller than 40 square meter
net assimilation rate increased with size of trees if two exceptional trees were omitted.
Highest net assimilation rate was attained at the diameter of 20 cm and leaf area of 30
square meters, These dimensions correspond to the dimensions of trees with highest
distribution ratio of dry matter into the stems. With increase of height net assimilation
rate increased, if two exceptional trees were neglected. Net assimilation rate was com-
pared among trees of three height classes. As shown by Table 17, if the amount of
leaves éxp_ressed with fresh weight, net assimilation rate of trees of the upper layer was
highest and the lower layer Wés lbwest; if amount of leaf is expressed by dry weight
there was no difference in net assimilation rate among the three classes; and if amount
of leaves is expressed as leaf area, trees of lower class showed lower net assimilation
rate but there was little difference between the upper two classes. These differences are
due to the difference in the characters of leaves by layer as shown by Fig. 21; leaves
of trees of lower layer have higher water content and smaller weight per unit area or
larger specific leaf area, showing characters of shade leaves.

Stemwodd increment per unit amount of leaves, which is seen in many publications,
was determined from Tables 3 and 11, and shown in Table 18. These values were a
little higher than shade tolerant conifers which have very large quantity of leaves and

Table 17. Net assimilation rate in relation to tree height

Height (m) Net assimilation rate
Per leaf area |Per fresh weight| Per dry weight
Mean Range (g/sq.m) (g/ke) (g/kg)
Lower 74 7.1- 7.6 298 1132 3523
Medium ' 13.9 12.2-16.0 341 1221 3517
High 18.9 18.2-19.3 342 1564 3505

Table 18. Stemwood production per unit leaf

Method of increment estimation
Basis Equations in Table 10 Cross sectional area
Volume - Dry weight Volume Dry weight
(cc) (g) (co) (3
" Leaf fresh weight (kg) | 745 400 692 400
Leaf dry weight (kg) 2019 1154 1809 1054
Leaf area (sq. m) = 192 1mw | 168 | 97
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lower than shade intolerant conifers and other broad leaved trees®®. If trees of three
height classes are compared, the efficiency of leaves to produced stemwood was highest
in the trees of the upper layer and lowest in the trees of the lower layer, irrespective
of the expression of the amount of leaves, as shown by Table 19. The highest efficiency
of leaf to produce stemwood of the trees of the upper layer is chiefly due not to higher
net assimilation rate but to higher distribution ratio of produced dry matter into the
stem: net assimilation rate in the trees of the upper layer was not higher than in the
trees of the intermediate layer except when amount of leaves is expressed by fresh
weight (Table 17), but distribution ratio of dry matter to the stem was highest in the
trees of the upper layer (Table 14).

Table 19. Stemwood production per unit area in relation to tree heiéht

Height (m) .Stemwood production
. Per leaf ared |Per fresh weight| Per’ dry weight
Mean Range cc/sq.m - cc/kg ‘ cc/kg
Low 74 | 71-76 123 472 1508
Medium 13.9 12.2-16.0 193 687 1977
High 18.9 18.2-19.3 217 841 2236

T

VIII. GROSS PRODUCTION

1. Loss of dry matter through respiration.

As respiration was not measured at all, some estimations were made by using pub-
lished data.
A. Respiration by leaves.
A-1. Tree layer

KusumoTo'® measured respiration of - leaves of many evergreen broad leaved trees,
and for Cinnamomum camphora presented values as 0.801 mg CO, per 50 square centi-
meter per hour for sun leaves and 0.454 mg CO, per 50 square centimeter per hour for
shade leaves. He'® also determined the temperature-respiration curves for many ever-
green broad-leaves and for C. camphora presented a formula

y=0.72+1.8¢4+2

where ¢ is temperature in ‘C and ¥ is respiration rate. As the temperature, records
from the observatory of the University Forest located at Kiyosumi, about five kilometers
south of the stand, are available. * With monthly mean temperature from April 1955 to
March 1956, the value presented by Kusumoro'® was adjusted and monthly values of
respiration by unit amount of leaves were calculated, and multiplied with the amount of
leaves per hectare. The value for CO, was converted into the value for dry matter by
multiplying the value for CO, with 0.614, assuming that starch is decomposed.

The value of respiration by KusumoTo'® was given for sun and shade leaves separ-
ately, but the amount of leaves for the present study is given only as total amount of
leaves. Because sun and shade leaves are:rather a natiire-of leaves changing con-
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tinuously by the degree of shading in the crown canopy, it may not be possible to divide
all leaves in the canopy clearly into sun and shade leaves. As it was not possible to
estimate the amount per hectare of sun and shade leaves separately, MULLER and NIELSEN?®
assumed that, in a tropical rain forest, all trees over 15m of height have only sun
leaves and other lower trees have only shade leaves, and estimated the respiration loss
of the stand. TADAKI*® assumed that half of the leaves of a Castanopsis cuspidata
forest is shade leaves and estimated the respriation loss.
Two methods were used here.

A-1-1 Assuming that maximum (110 g/sq.m) and minimum (71g/sq.m) of the leaf
weight per unit area of the sample trees represent sun and shade leaves respectively,
and the values of respiration presented by Kusumoro'®, which were presented as value
per unit area, were converted into values per unit dry weight. The values of respiration

per unit dry weight of sun and shade Table 20. Loss of dry matter through

leaves thus converted were 1.450 mg respiration of leaves
CO, per g per hour and 1.275mg CO, (t/ha/year)
per g per hour and the difference Method 1 2

between sun and shade leaves became

i Tree 1 22 17.53
very little. The mean of these two ree fayer 15

Undergrowth 2.91
values, 1.363mg CO, per g per hour 1. 18.13 20.44

was assumed as representing the
mean respiration rate of leaves. Loss of dry matter through respiration of leaves was
estimated with this value, monthly mean temperature at Kiyosumi, and amount of
leaves per hectare, and shown in Table 20.

A-1-2. Water content (dry weight basis) and dry weight per unit area of leaves of
sample trees showed close relation

120 O
o — o s W 2 with their diameter breast high, height,
ISP s a5 100 §
- i e /f/; 3 @ and amount of leaves per tree, as
& A a O A .
~ a s a 8 = shown by Fig. 21. For the relation to
o) s a <]
é E diameter breast high (D cm) and height
g Ny »  (Hm), which were fairly linear, re-
Q ® . . .
o . &  gresslon equations were determined as
8
g = follows:
1508 . For leaf water content (WC %):
s WC=220.3—2.219D, significant at
0 10 20 30 0 10 20 0 100 200
1% level
DBH (em)  HEIGHT (m) ~LEAF AREA (sq. m) WC=251.9—4.669H, significant at
Fig. 21. Water content (circles) and weight per 19 level
unit area (triangles) of leaves in relation % leve
to size of trees. For dry weight per unit area (LW

g/sq. m):
LW=0.83+0.0075D, significant at 5% level
LW=0.72+0.0162H, significant at 1% level.
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With increasing height and diameter water content decreased and leaf weight per unit
area increased. These trends means that larger trees have more sun leaves. Diameter
and height of trees having leaves of mean values of water content and dry weight per
unit area were determined by means of these equations. Such trees were determined
as having 14 cm of diameter breast high and 14 m of height from the equation for leaf
water content, and 15cm and 14 m from the equation for leaf weight. From the height-
diameter curve in Fig. 4, trees with height of 14 m have a diameter breast high of
14 cm. As these values agreed very well, it was assumed that all trees above 15cm of
diameter have only sun leaves and those below 14 cm of diameter have only shade leaves,
and with the equation in Table 2 and frequency distribution of diameter, the amounts
of sun and shade leaves per one hectare were estimated as 38382 and 3516 square meters,
respectively. Loss of dry matter through respiration of leaves was estimated with the
respiration of sun and shade leaves presented by KusumoTo'®, monthly mean temperature
at Kiyosumi, and the amount of sun and shade leaves per hectare and shown in Table
20.

The value of loss of dry matter through respiration of leaves estimated with these
two methods did not differ so much. By one method it was estimated as 15.2 tons per
hectare per year and by another method it was estimated as 17.5 tons. These values
are very close to the value of a tropical rain forest?® and a little lower than the esti-
mates for a mixed evergreen broad-leaved forest!® (24.1t) and for Castanopsis cuspidata
forest*® (23.7 t).

A-2. Undergrowth

As undergrowth consited of many species, mainly of evergreen species, mean value
(0.29 mg/50 sq. m. hr.) of respiration rate of shade leaves of many evergreen broad-leaved
species presented by KusumoTo® was used, and dry matter loss was estimated using
the temperature at Kiyosumi and leaf area per hectare, and shown in Table 20.

Loss of dry matter through respiration of the whole mass of the leaves of this eco-
system was estimated as 18~20 tons per year.

B. Respiration by non-photosynthetic system.
B-1. Tree layer.

Kusumoto'® presented a value of respiration of “stem” of Cinnamomum camphora,
but he did not specify the size of the “stem.” As it is possible that his “stem” was
small one, his data can not be used here as the basis of calculation. KiMURA'™ used the

“

values of respiration of Fagus sylvatica in June by MOLLER ef al*. He estimated annual
respiration by multiplying the value of June with 7.64, though the reason why 7.64 was
used is not clear. This conversion factor by KIMURA was also used here. 0.614 was
‘used for converting the figure for CO, into dry matter instead of 0.546 which was used
by MOLLER et al*V.
Two methods were used here.

B-1-1. From the values in Table 6 of MOLLER ef al*®, values of annual respiration
per tree were plotted against diameter breast high on a double logalithmic paper, as
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Kmura'? did. As they show a linear relationship, a regression equation was determined
and respiration of tree of diameter of every centimeter was calculated. With. the fre-
quency distribution of diameter in Fig. 3, loss of dry matter through respiration of
non-photosynthetic system was estimated as 14.44 tons per hectare per year.

B-1-2. The values in Table 5 of MGOLLER ef al2® were plotted and the relation between

iration and diameter of sample
Table 21. Amount per hectare of woody tissues respiration a P

of different diameters was made into a smooth curve, and
with this curve values of respiration
le‘g‘,f{“ V(()rl;:gl ¢ FreSh(t‘;' eight of each diameter of sample was
: made. With these values and the
Current year 1.498 2.572 .
0- 1 4.071 3.337 volume of woody tissues of each
1-5 27.630 25.896 diameter class shown in Table 21,
5-10 50.346 47.645 respiration per 1 hectare of the stand
10-15 58.807 55.256 was made, and with the conversion
15-20 75.751 71.814 factor loss of dry matter per year
20-25 66.763 62.675 .
95-30 36.589 34.665 per hectare of the stand was esti-
30-35 8.667 8.111 mated. Asrespiration rate of current
35-40 6.397 5.983 year shoots, the value for sun leaves

by KusuMoTo'® was used after con-
verting it into dry weight basis. Dry matter loss per year thus estimated was 15.6 tons
per hectare, and did not differ so much from the value estimated with another method.

Kmura'? estimated annual respiration loss by non-photosynthetic system including
root of an evergreen broad-leaved forest as 28.3 tons per hectare. MULLER and NIELSEN?®
estimated annual respiration loss by non-photosynthetic system without root of a tropical
rain forest as 18.5 tons per hectaré. . These values are larger than the value estimated
here. . '

B-2. Undergrowth.

For biomass of non-photosynthetic system of undergrowth (2.31 tons per hectare)
the same method as the second method for the trees was applied, assuming that
respiration rate is the same as branches of 0~1cm in diameter. Loss of dry matter
by respiration of non-photosynthetic system (aboveground) was estimated as 0.06 tons
per hectare.

B-3. Mathematical method for estimation of respiration by non-photosynthetic system.

Monsi?? described the dry matter production by plants and plant communities by a
simple equation ‘

P=F(@—7)—CF reereeiereemianiei, (A)
where P is production of dry matter, F is amount of leaves, C is, amount of non-
photoéynthetic sysiem, a is photosynthetic rate, » and #’ are respiration rates of leaves
and non-photosynthetic system, respectively. Equation (A) is written as
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or P_F

Cc C
In these equations, as P, F and C had been measured for each sample tree. P/F isthe
same thing as net assimilation rate and the importance of C/F ratio is pointed out by
Iwaki®. When P/F against C/F or P/C against F/C are plotted on-a section paper,
linear relations are expected and by the slope and the intercept. (e—7) amnd 7’ .can be
determined. KirA ef al'® applied. the- equation (C) on northern coniferous forest, and
some others used this method without any criticism. - The author independently applied
the equation (B) on young seedlings of three pine species of North America and obtained

(a—r)—7' ' - ©

fairly reasonable value for (a—7) and 7.

When the equations (B) and (C) were applied to this stand, as shown by Fig. 22
and 23, fairly good linear relationships were established between P/F and C/F, and
between P/C and F/C. Slopes and intercepts were determined by means of least square

as

F— + — ertsssessasiarraniee
2.311 0.233F ~~~~~~~~ . (B/)
and
—2 883—+“ P ( |
C . C .115 R ( /)

The slopes were highly significant for both cases, and the difference of (a—7) and 7/
determined for the two equations may not be too large. However, in both cases, 7/,
respiration by non-photosynthetic system, which can never be negative, was determined
as negative. In case of Picea glehnii in Fig. V-2 of Kira et al'¥, the trend niéi'jr be
similar to the result obtained here. Even when the value for the tree groups of largest
and smallest diameter in this stand are omitted, the trend did not alter. This rather

’ ‘ .
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Fig. 22. Graphic presentaion of equation (B). Fig. 23. Graphic presentation of equation (C).
See the text. . . See the text. : . .
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sophisticated method can not be used for this stand. This result may perhaps due to
the fact that values of (a—7) and #’ have systematic relations with P/F, C/F, P/C, or
F/C, and that 7/, or respiration by non photosynthetic tissue, is not proportional to the
volume and weight of the tissues?”.

2. Gross production.

Sum of net production (aboveground only) in Tables 11 and 12 and loss of dry matter
through respiration of leaves in Table 20 and non-photosynthetic system (aboveground
only) makes annual gross production (aboveground) per hectare (Table 22). For estima-

Table 22. Annual gross production

Accuracy 1 2 | 3 ’ 4 5
Net production Tree layer 13.4-15.0
above ground Undergrowth 1.62
Total 15.0-16.6
Loss through Tree layer 15.2-17.5
leaf respiration Undergrowth 2.9
Total 18.1-26.4
Loss through y Tree layer 14.4-15.6
respiration o
non-photosynthetic Undergrowth 0.06
system Total ' 14.5-15.7
Gross production (above ground) 47.6-52.9 ]
Gross production ' 57.1-63.2

-tion of gross production, materials of different accuracy were used: net production was
directly measured and accuracy is high; among respiration loss, respiration by leaves
was estimated with the value by measurement on C. camphora by Kusumoro'® and
with some assumptions, so that accuracy is not so high as net production but higher
than the value of respiration loss of non-photosynthetic system which were estimated
with many assumptions, though the estimates by the two methods agreed fairly well in
both cases. Thus, the accuracy of estimation of the gross production may be the same
as the loss by respiration of non-photosynthetic system. Annual gross production (above-
ground) per hectare was suggested as 48~53 tons. If gross production as roots was
assumed as one fifth of the aboveground parts, as many authors did, annual gross
production of this stand per hectare may be suggested as 57~63 tons which is a little
less than 73.0 tons of a mixed evergreen broad-leaved forest'? and more than 45.3 tons
of a Castanopsis cuspidata forest (evergreen)*® and 52.5 tons of a tropical rain forest?®.
However, among these values, accuracy of estimation is highest in the value for a
tropical rainforest?®, as they made direct measurement as much as possible, and the
others include many assumptions. Percentage of respiration loss in gross production was
about 68% which is very close to 75% in a tropical rain forest?® and 72% in a mixed
evergreen broad-leaved forest'?, and higher than 52% of a Custanopsis forest'®.
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IX ABSTRACT

Of a 46-year-old pure stand of planted Cinnamomum camphora (Lauraceae) (ever-
green), biomass, net production, pattern of distribution of produced matter within eco-
system, efficiency of leaves to produce organic matter were studied for the aboveground
parts of tree layer and undergrowth.

Estimation of biomass and production was made with two methods: ratio of cross-
sectional area of sample trees and the stand, and allometric relations to diameter breast
high and distribution of diameter breast high of the stand, but the results by the two
methods did not differ too much.

Biomass of the above-ground parts per 1 hectare of this ecosystem was about 196~
200 metric tons, of which 193~196 tons belonged to the tree layer and about 3.5 tons to
consist the undergrowth. Of the biomass of the tree layer, about 2% were leaves, about
18~19% were branches and about 78~80% were stems. However, among individual trees
it may be roughly said that trees with larger diameter, height and leaf mass consisted
of higher percentages of leaves and branches and lower percentage of stem. Leaf bioinass
per 1 hectare of the ecosystem consisted of 11.0~11.9 tons of the tree layer in fresh
weight, 4.1~4.5 tons of the tree layer and 1.1 tons of the undergrowth in ovendry
weight, and 4.3~4.9 of the tree layer and 1.8 of the undergrowth in leaf area index.
Undergrowth may not be so important in the total biomass, but it can not be neglected
in leaf biomass of the ecosystem. Leaf area index of this ecosystem was 6.1~6.7 which
is not so large compared with other evergreen broad-leaved forests.

Net production (aboveground only) per hectare per annum was estimated as 15.0-
16.6 tons which was equivalent to 0.7% of the total incident solar energy in energy
content and 1.5~1.6% of the incident energy that can be utilized for photosynthesis. If
the net production was compared to the incident solar energy during the growing season
(April-October), the efficiency was 1.0~1.1% of the total incident energy and 2.2~2.5%
of the energy that can be utilized for photosynthesis. The tree layer contributed nine
tenth of the net production and the undergrowth one tenth, 1.62 tons. Of 13.4~15.6 tons
of net production by the tree layer, about 30~35% distributed into the stems, about 35~
40% into the branches and about 30% into the leaves. Only one third of net production
made the growth of stem which was equivalent to 8.2 cubic meter in volume. However,
of individual trees, pattern of distribution of produced matter was different with the size
of trees: distribution to the stem was highest and to the crown was lowest in trees
belongmg to upper layer of the crown canopy but having smaller diameter and leaf mass;
among larger trees of the upper layer distribution to leaves and branches increased and
distribution to the stem decreased with increase of diameter and leaf mass; among
smaller trees and trees of lower layers distribution to leaves and branches mcreased
and dlstrlbutlon to the stem decreased with decreasing dimensions.

Efficiency of leaves to produce organic matter, or net assimilation rate in British
terminology, was estimated with two different methods, but the difference of the result
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by methods was very little. Net assimilation rate per annum was 1200~1300 g per 1kg
in fresh weight of leaves, 3300~3500g per 1kg in dry weight of leaves, and 310~340 g
per. 1 square meter of leaves. . These values were far less than isolated young plants.
Among individual trees, net assimilation rate was highest in trees in upper layer -of the

canopy with medium diameter and leaf mass.

The amount of leaves and non-photosynthetic systems of this forest was combined

with published data on respiration, and annual consumption of organic matter through
respiration was calculated. Gross production was suggested as 48~53 tons per hectare per

annum, aboveground parts only.
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APPENDIX 1. Stand Table

DBH n DBH n DBH n ’ DBH ‘ n DBH n

1 0 1 52 21 49 31 10 4 0
2 14 12 42 22 57 32 9 42 0
3 37 13 62 23 31 33 6 43 1
4 34 14 58 2 50 34 5 44 0
5 33 15 55 25 4“ 35 6 45 0
6 16 16 62 26 26 36 3 46 0
7 2 17 57 27 2 37 4 47 1
8 21 18 67 28 18 38 0 48 0
9 45 19 56 29 14 39 0 49 0
10 42 20 | s 30 13 40 5 50 0

Total | 1,212

area: 0.97 ha
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