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Relation between fresh weight of twig with
green bark and fresh weight of their li-
guneous tissue. Nov., 1952, surveyed.
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Relation hetween total lezf weight and age.
Nov. 26 to Dec. 4, 1952, surveyed.
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One of Cryptomzria japonica actually sur-
veyed. Dec. 1, 1952, surveyed. Age, 33.
Height, 9.7 m. Total leaf weight, 16.8 kg.
Breast-height diameter, 11.6 cm.
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One of Cryttomeria japonica actually sur-
veyed. Nov. 27, 1952, surveyed. Age, 41.
Height, 6.8 (upper part of the stem had
been severed in the past). Total leaf :
weight, 20.7 kg. Breast-height diameter, ety e & A REREMIBOL G0 hF
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Amount of transpiration per cut shoot
per hour. Feb. 5, 1953(clear or cloudy),
field experiment. Total leaf weight; I :
85.11g, II:42.30g, WI: 31.88g, IV:
24.68 g.

from figure 4.
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Research materials
Measurement of the Total Transpiration from a Forest. (Part 7)
Estimation of the total transpiration from a stand of

Cryptomeria japonica.
Yoshito YAMAOKA

(Résumé)

1. Introduction.

As the quantitative relations between transpiration rate and radiation intensity, air
temperature, relative humidity, and wind velocity had already been obtained in Part 6 with
respect to Myrica rubra and Cryptomeria japonica, the author decided to estimate the total
amount of transpiration from a stand of Cryptomzria japonica in Namera National Forest,
Compartment 27, Yamaguchi district, Japan, where the author had once surveyed the distri-
bution of breast-height diameters of Cryptomzria japonica as reported in the previous re-
port'?’,

In order to carry out the work, it was necessary to obtain the relation between total
leaf area and breast-height diameter of this species. There are several investigations with
regard to the measurement of total leaf area of broad-leaved trees and conmifers performed
by investigators such as, Baker!, Buchanan®, Burger®, Dengler’, Kadota®’, Kittredge”,
Kozlowski®, Yamaoka'?’, and others, but there are no investigations useful for our purpose
with regard to Cryptomeria japonica. Consequently, this prompted the author to carry out
the measurement of total amount of leaves of this species. But as it is difficult to measure
the total leaf area of this species on account of its countless short needles lying one upon
another and having no distinct boundary around each needle, the author was compelled to
measure the total leaf weight instead of the total leaf area. But as it has already been
learned in several other species that the linear relation holds between leaf area and its
weight, it can also be expected that the same relation will be held in the case of this
species.

2. Boundary of leaves.

There is no distinct boundary hbetween leaves and green hark of the stem of a twig in
the case of Cryptomeria japonica unlike the case of the hroad-leaved trees and pine trees.
And the green bark strips off in irregular shape when the needles are torn off from the
stem of a twig. In addition to that, it is almost impossible to count not only the number
of needles but also to tear off these innumerzble needles in a short period of time.

Observing the branch in detail, it is found that the colour of hark with needles is green,
and the colour of bark without needles is brown. And in addition to that, the boundary of
these barks is so distinct that it can be identified at a glance. As the most part of the
oreen bark will strip off with thé needles, the author decided to measure the total leaf
weight together with these green barks.

But practically it is almost impossible to strip off all of the green bark together with
the needles. Therefore, the author searched further for some convenient relation between
total leaf area and other factor which makes possible the measuring of the total leaf weight.

And it was found that the total weight of branch cut off at the boundary of green bark and
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brown bark was in direct proportional relation with its ligneous structure, as shown in Fig. 1.

The total wéig‘ht of the ligneous structure is always approximately 10 % of the total
weight of branch with green bark, as can be understood from the figure. Accordingly, it
became possible to determine the total leaf weight with green bark by subtracting 10 % of
the whole weight of branch having green bark.

3. Relations of the total leaf weight to age and sectional area of stem just under the

crown.

It has already beeun described in the previous report'®’ that the total leaf areas of some
broad-leaved trees and pine trees were in direct proportional relation to the secticnal area
of stem just under the crown, but there was no remarkable correlation between the total
leaf area and age. The same relations in the case of Cryptomeria japonica were investigated -
as follows.

A large part of Cryptomeria japonica actually surveyed were the trees growing thick in
a row which had been severed off a few times at their tips of the stem, but which had
been uncared for for five or six years at least. The results obtained from 10 of these
Cryptomeria japonica whose ages spread over from 27 to 45 years are shown in Figs. 2 and
3. Fig. 2 shows the relation between total leaf weight and age, and Fig. 3 the relation
between total leaf weight and sectional area of stem just under the crown. Phots. 1 and 2
show two of those Cryptomeria japonica actually surveyed, 91.6cm® and 77.0 cm® in their
sectional area of stem just under the crown and 20.7 kg and 16.8 kg in their total leaf weight,
respectively. The experiment was performed in 9 days from Nov. 26 to Dec. 4, 1952.

The values of total green leaf weight in Figs. 2 and 3 are the values obtained by
subtracting 10 % from the tolal weight of branches with green bark. Cones and flowers
were all removed before weighing. The trend is quite linear in Fig. 3, but no remarkable
correlation can be seen in Fig. 2, quite similarly to that of the relation in broad-leaved
trees and pine trees. Now let us counsider the trend in Fig. 3 as a straight line passing
through the origin and calculate its gradient k by means of the method of least squares.
Then, the relation between total green leaf weight W (kg) and diameter of stem just under

the crown d, (cm) can be expressed by the equation,

W=k % -d.,,ﬂ=o.2134><;?d0-= .............................. (1)

mean error of W=1.306 kg.
1t has already been reported in the previous paper'®’ that the breast-height diameter d
(cm) can be expressed by equation d=m-d, where d, (em) is the diameter of stem just
under the crown and m the constant common to all species. The value of m was calculated
from 31 experimeantal data including 10 Cryptomeria japonica by means of the method of
least squares and was found to be 1.110.
Accordingly, we have
d=m+do=1.110ds. ... .o e @
mean error of d=0.80 cma.
4. Examination of the method of measuring total leaf weight.
It is necessary to examine whether the total leaf weight determined by means of a
convenient method as described above will serve satisfactorily our measurement of the

transpiration rate of Cryptomeria japonica or not. In order to carry out the examination,
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we mounted 4 cut shoots of Cryptomeria japonica in 4 potometers of the same type, and
compared their transpiration rates under the same environmental conditions in the open on
Feb. 5, 1953 (clear or cloudy). Figs. 4 and 5 show the results.

The total leaf weights of these 4 cut shoots, corresponding to the curves I, II, I, and
IV in the figures, were 85.11, 42.30, 31.88, and 24.68 gr, respectively. Fig. 4 shows the
amount of transpiration per shoot in grams per hour. In this figure the heights of trans-
piration curves differ with the amount of leaf weight. But in Fig. 5 the transpiration curves
show the transpiration rates in grams per hour per 100 grams of green leaf weight calculzted
by means of dividing the amount of transpiration in Fig. 4 by the corresponding leaf weight.
In this case fairly good agreement of 4 transpiration curves can be seen as in Fig. 5.
Accordingly, there are no vital defects in this method of measuring the total leaf weight of
Cryptomeria japonica, and the value of total leaf weight determined by this mean will serve
satisfactorily our investigation.

5. Estimation of the total green leaf weight of a stand.

Now, let us denote the total green leaf weight of one tree by W and " the total green
leaf weight of a stand by W, then the following equation can be derived from the equation
(14) in the previous report, Part 4'*’.

k

m

SW= . %-N(dm?ﬂr“) ................................ (3)

where N is the number of trees in a stand, d,, the mean breast-height diameter, o the stin-
dard deviation of the breast-height diameters, k the constant proper to the species, and m
the constant common to all species.

Phots. 3 and 4 show the external and the internal appearances of part of a plantation
of Cryptomeria japonica in Namera National Forest, Compartment 27, where the author had
once surveyed the distribution of breast-height diameters and the values of d, and ¢ had
been obtained. There are 740 Cryptomeria japonica 45 years old (Mar., 1910, reforestation)
in the slope of the mountain shown in Phot. 3.

Numerical values necessary to calculate the total green leaf weight W by equation (3)
are as follows.

k=0.2134, m=1.110, N=740, d,,=24.45 cm, 0*=85.80.
Substituting these values into equation (3), we have
EW = 68,014 . e e et e (4)
as the total green leaf weight of this stand. In other words, about 69fon of green leaves
are held on this small stand.

It should be noted that the value obtained here indicates the total leaf weight in 1951,
for the values of d,, and o used in the calculation were the values measured in 1951.

6. Estimation of the total transpiration from a stand.

According to the statistics during a receat 3)-year period in Shimonoseki, Yamaguchi
district, Japan, the mean meteorological conditions in August are as follows!'.

mean air temperature=26.6°C
mean relative humidity =80%
mean wind velocity =3.5 m/sec

Although conditions will not be equal to those in Namera National Forest, we have
employed these values for the present in order to show how to estimate the total transpira-

tion from a stand of Cryptomeria japonica, as there are no meteorological data in Namera
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National Forest at hand. And assuming the intensity of radiation as 1 cal/cm®/min, the
estimation of the total transpiration was carried out as follows.

The empirical formulas necessary to calculate the transpiration rate of Cryptomeria
Japonica under the above meteorological conditions are as follows: (from the equations (12)
and (13) in Part 6)

T=To+v/(av+b)
To=(0.14 R+0.35)H,+3.08 R
Ho=e(1-H,) e (5)
a=2.77x10-°-"»
b=2.16 1042
where,
R=1 cal[cm?|min
H,=0.80
v=23.5m/sec
es=26.14 mmHg (at 26.6°C)?

therefore, Ts.s=2.61g7/hr[100 87 ..o\t (6)
Accordingly, the total amount of transpirztion per hour from this stand is calculated by
equations (4) and (6) as follows:

2.61X107° X 68914 =1.80 ton/hr

Thus, the mean water loss by transpiration in August from this stand of Cryptomeria
Jjaponica, total area of 4376.2 square meters, is estimated at 1.80 tons per hour.

In order to compare this amount of water loss by transpiration with that of evaporation
and transpiration from the surface of a paddy-field, water, grassland, wet soil, and wet
sand, of the same area, that is, 4376.2 square meters, these materials except the paddy-
field were filled into a culture dish, 11.7 ¢m in inner diameter and 2.7 ¢ in its depth, one
by one, having previously poured in it an adequate quantity of water. This dish was buried
at the center of a china vat, 36 cmX28 cmx 4.6 cm in its dimensions, also filled with the
same material in order to minimize the edge effect. Such china vat with culture dish in
its center was then placed in the wind tunnel, and only the weight of this culture dish was
weighed at an interval of 30 minutes under constant radiation intensity, air temperature,
relative humidity, and wind velocity, of 1 cal/cm*[min, 26.6°C, 80 %, and 3.5 m/sec, respecti-
vely. And the results were calculated in tons per hour per 4376.2 square meters.

These results are shown in Table 1. Only the amount of water loss from the paddy-
field in the table was calculated from the mean value of the experimental data during Au-
gust, 1933, by T. Kano and K. Matsuo®!"’.

7. Conclusion.

In this report, the zuthor has decribed the method of measuring the tntal leaf amount
of Cryttemeria japonica 2ud the results. And applying this result, the total leaf weight of
a stand of 740 Cryftomeria japonica 45 years old in Namera National Forest, Compartment
27, Yamaguchi district, Japan, was estimated at about 69 tons in 1951.

Aud furthermore, the water loss from this stand under such meteorological conditions as;

radiation intensity =1 cal/cm®/min
air temperature=26.6°C
relative humidity =80 %

wind velocity = 3.5 m/sec,
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Table 1. Comparison of the amount of water loss from earth’s

surface of various types.

Amount of water loss

Type in tons per hour ' Remarks
Stand of ) | C o - S -
Cryptomeria | 1.80 | gl}.?f‘;i%lratlon excluding evaporation from earth’s
_ Jjaponica | 7 |

Paddy-field | 1.06 . Mean value during Aug. 1933 (by T. Kano and K.
‘ Matsuo)®*>

‘Water } 0.16 | Mean water temperature : 15.2°C
Water } 2.20 ’ Mean water temperature . 23.8°C
| Transpiration and evaporation
Grassland \ 0.37 I Mean soil temperature : 12.5°C
{ ‘ Transpiration and evaporation
Grassland ! 0.7z ’ Mean soil temperature : 18.8°C
o o 7’ Perfectly w soi : : .
. y wet soil
Wet soil L 1.38 ’ Mean soil temperature : 18.6°C
_ l o : _ e _
. en only thin surface layer was dried
Wet soil 0.76 Mean soil temperature : 14.5°C
| When only thin surface layer was dried
Wet sand 0.66 l Mean sand temperature : 23.6°C

was calculated by equations (12) and (13) in Part 6, and was estimated at 1.80 tons per
hour.

This amount was compared with the water loss from the surface of a paddy-field,
water, grassland, wet soil, and wet sand, ¢f the same area. And it was shown that the
amount of water loss by transpiration from this stand (excluding direct evaporation from
the earth’s surface) was larger than that of other types of earth’s surface, except in the case
of water of 23.8°C.

It was thus shown that the amount of total trauspiration from a stand or a forest under
certain meteorological conditions can easily be estimated if the standard deviation of the
breast-height diameters, the mean breast-height diameter, the number of trees in a stand or
a forest, the constant proper to the species, and the relations of the transpiration rate to the
intensity of radiation and the wind velocity be known. The discrepancy between the me-
teorological conditions in the open and that of the interior of a stand was not taken into
account in this report. But it should not be neglected if a more accurate estimation be
desired.
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