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Diagram of potometers used. (A) Vertical
measuring pipette type. (B) Horizontal
measuring pipette type. (a) Test-tubes.
(b) Rubber stoppers. (c) Measuring
pipettes.
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Diagram of a stand used.
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Traunspiration rate bLefore and after the
severance of stem. Aug. 13, 1953, labora-
tory experiment. !mark shows the instant
of severance.
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Transpiration rate before and after the
severance of stem. Sept. 18, 1953, laboratory
experiment. ! mark shows the instant of
severance.
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Transpiration rate before and after the

severance of stem. Sept. 10, 1953, laboratory

experiment. ! mark shows the instant of
severance.
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(A) A. M. 11 ¥ 10 45, HRIRET
(A A. M. 11 : 10, under naztural
condition.

(C) A. M. 11 IF 50 4, HIsRRAET
(C) A. M. 11 : 50, under natural
condition.
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(B) A. M. 11 ¥ 30 7, ESRIRET
(B) A. M. 11 : 30, under natural
condition.

(D) A. M. 12 F§ 40 4, HRRET
) (D) A. M. 12 : 40, under natural
condition.

Phot. 1 HRRET IR % 2 v 7k FOEOKIER
1952 42 10 A9 H (F) 5%, FsAER,
Stomata of a leaf of Ilex rotunda Thunbergii under natural
condition. Oct. 9, 1952 (fair), field experiment.

(A) A. M. 11 ¥ 10 43, a7 5 40,
EARRIET

(A, A. M. 11 : 10 ' 5min. befor severance,,
under natural coundition.

(B A. M. 11 B 30 47, BEEIMrsm &,
KA FIGEE

(B) A. M. 11 : 30 (15min. ofter severance),
cut shoot without water-supply.
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(C) A. M. 11 B 50 4, 1@ 35 4565, (D) A. M. 12 [H 40 47, Kl 85 042,

KR ST oty
(C) A.M. 11 : 50 (35min. after severance), (D) A. M. 12 :4) (85 min. after severance),
cut shoot without water-supply. cut shoot without water-supply.

Phot. 2 7w Hre=FDEOCKIER, A. M. 11 & 15 45
e, 1952 42 10 A9 B () %, FsER
Stomata of a leaf of Ilex rotunda Thunbergii, Severed at A. M.
11 : 15, Oct. 9, 1952 (fair), field experiment.

A

CA) A. M. 11 [ 30 43, Ol 15 568, (B) A. M. 12 I 40 45, 1l 85 4545,

KA HES i
(A) A.M. 11 : 30 (15min. after severance), (B) A.M. 12 : 40 (85min. after severance),
cut shoot with water-supply. cut shoot with water-supply.

Phot. 3 7 v % eFOEOFIEE, A. M. 11 ¥ 15 47,
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Stomata of a leaf of Ilex rotunda T hunbergii. Severed at A. M.
11 : 15, Oct. 9, 1952 (fair), field experiment.
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Transpiration rate of same cut shoot when

Fig. 8 Hicoi- ke X 5 @FEER O,
1952 4210 A 12 H (F5Me4a2) illsE,
PSR, Aokl BIXZEKFHEIOH

A, Curzeg bl
Trauspiration rates of cut shoots treated
by different way. Oct. 12, 1952 (fair,
occasionally cloudy), field experiment.
A, cut under water. B, cut under water
after severance in air. C, cut in air.

treated by different way. Oct. 31, 1951
(fair), field experiment. Part A, cut
under water. Part B, cut in air.
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Table 1. Fig. 16 ROZTRDHHEK
Constants of shoots in figure 16.
fm'@i@%‘ﬂ%‘ i=h 7® ﬁ*ﬁlﬁ & % E % | ® ¥ E ﬁ —Eiz g’;—%—% f ﬁﬁ %
Curve Diameter No. of Total leilf Projection Projection area Remarks
| (em) leaves area (cm*) ‘ area (cm?®) “Tot. leaf area
A 0.56 196 1421 | 305 0.22 [}Saﬁgsﬁot
B % ” s 480 0.34 r
C 0.55 ‘ 46 548 | 215 0.39 !
D 0.50 151 1048 | 445 0.42 )
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Research materials

Measurement of the Total Transpiration from a Forest. (Part 5)

Examination of the method of measuring the transpiration rate.

Yoshito YAMAOKA

(Résumé)
1. Introduction.

Various methods have hitherto been used in measuring the transpiration, such as Stahl’s®’
cobalt paper method, ‘‘gasometrische Methode’” which was employed by Schratz®®’, and
Minckler'®’, weighing method, potometer method, and others. From among these methods
the author has adopted the potometer method, because Stahl’s cobalt paper method is
inadequate for measuring the amount of transpiration quantitatively, and also it is unnecessary
to go into detail as in Schratz’s ‘‘gasometrische Methode”’. Undoubtedly the weighing method
is one of the most useful methods for this purpose and has frequently been used by many
of the investigators in the past. But this method requires a rather longer period of exposition
of the plants under constant environmental conditions in order to take readings when potted
plants are used, because of the rapid decrease of the sensitivity of balance according to the
unavoidable heavy soil weight in the pot, as has already been mentioned by Stocker*’. And
also in the case of using cut shoots instead of potted plants, it is no longer indispensable
to adopt the weighing method. From such a point of view, the author decided to adopt the
potometer method throughout the investigation, except that the weighing method has been
employed for the purpose of comparison of the transpiration rates of potted plants with cut
shoots. .

Strictly speaking, the potometer method does not give the true transpiring rate, but the
amount of water absorbed from the cut end of shoot. Nevertheless, the amount of water
absorbed from the cut end of shoot almost exactly coincides with the amount of water
transpired, and the wilting occurs from only 1% decrease of water-content in a leaf,
according to the investigation by Knight!?'®. And as it was also our original aim to deter-
mine the amount of water absorbed from the ground by a forest, the potometer method will
serve satisfactorily. But notice should be taken in case of sudden change in environmental
conditions, as Satoo®”’ has already pointed out in his investigation with respect to the cut
shoots of Cryptomeria japonica, because the occurrency of momentary disturbances of internal
water equilibrium in a cut shoot must be considered, and in consequence the time delay of
water absorption will be in danger of coming up. In such a case, readings should be taken
after the internal water equilibrium has been completely recovered.

Another difficult problem to be taken into account in the case of using the potometer
method is the effect of detaching a branch from its parent tree. Iwanoff” believes that
the transpiration rate will rise immediately after the severance by reason of the sudden
omission of the suction pressure of the water column in the water-conducting system of a
branch, and practically it has been observed by Darwin and Pertz*, Laidlaw and Knight!*’,
Knight!®, Stilfelt?»323%  Firbas®, Kamp®, and others. But, on the contrary, Schratz®®
believes that the transpiration rate will descend rapidly after the severance. Furthermore,
Huber®, Stocker®®?, Firbas®, Pisek and Cartellieri?®2*2%), Bosian!, Kadota®, and others,

approved of the determination of the transpiration rate under natural state by that of
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immediately after the severance. Pfleiderer®® performed a critical investigation on this
problem and showed that the amount of transpiration immediately after the severance agrees
with that of the natural state within a small discrepancy of only —1.1 % when the mean
value of 34 experiments were taken, notwithstanding that the individual values differ by as

large an extent as 4-20%. The theories and the experimental results on this problem are
thus contradictory. :

Furthermore, another objection lies against the use of the potometer method. Curtis®
and Livingston!® have taken exception to methods which involve mutilation of the plant,
such as detaching a shoot and using it in a potometer, since such treatment is liable to
cause the plant to behave in an irregular manner. But Lloyd!®'” and Knight!'®!¥ appear to
have found the potometer satisfactory. Knight!®’ has reported after his investigation on the
differences in the rate of transpiration and the stomatal opening between potted plant and
cut shoot which has been cut from the same potted plant and mounted in a potometer, that
the time marches of transpiration rate and stomatal opening in both cases become quite.
parallel, about 50 minutes after the shoot is cut, under the same environmental conditions
and have continued for as long as 3 days after setting up. A further conclusion reached
was that such cut shoot mounted in a potometer could be used as an experimental material
in healthy state for some 2 or 3 days after the severance, if the cut end of the stem be
only cut off every day in order to provide a fresh absorbing surface.

As the theories and the experimental results on the potometer method and the difference
between transpiration rate before and after the severance are thus contradictory, it was
necessary to examine these problems one by one before carrying out our investigation.
From these points of view, the author has performed the examinations, as follows, on these
problems. It should be noted that in this report the date§ of experiments are not always
in regular sequence, owing to the fact that some experiments were reexamined, and a long
period was speunt in preparing the potted plants.

2. Apparatus used and the measuring methods.

The structure of the potometer used in this investigation is shown in Fig. 1. (A)
shows the vertical measuring pipette type potometer and (B) the horizontal measuring pipette
type potometer. In the former type a pressure from 8 to 25¢m of water column will be
exerted upon the cut end of shoot, and in the latter type a nearly constant water pressure
of about 5cm will be exerted upon the cut end of shoot throughout the experiment. These
two types of potometers were made for the special purpose of examining the effect of
change in water pressure on the transpiration rate.

In Fig. 1, ‘a’ is 4 test-tube made of glass, about 5c¢m deep and about 2.5 cm in diameter,
and ‘b’ is a rubber stopper having two holes, 5 or 6mm in diameter, bored parallel to its
axis; one is to insert a measuring pipette ‘c’ and one is to insert a cut shoot. Owing to
the small inner capacity of the test-tube, the apparent volume expansion can be preserved in
minimum quantity. Three kinds of pipettes, 0—1, 0—2, and 0—5c¢c in capacity, were
employed appropriately according to the amount of transpiration of cut shoot.

Cut end of a shoot which was detached from its parent tree was immediately soaked
in water in order to cut again the stem of a cut shoot under water from 5 to 20 cm from
its end. After this treatment, the cut shoot was forced into a hole hored through the rubber
stopper ‘b’ and this was carefully pressed into the mouth of the test-tube so as to drive out

all the air bubbles in the potometer.
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A stand for supporting the potometer is shown in Fig.2. This stand allows a potometer
to move along three rectangular axes X, Y, and Z, and also allows it to rotate around
them, in order to set the potometer in any desired position. Besides, by the spring action
of a spiral tin-plate fixed at the extremity of X-axis, any shock transmitted from the
exterior can be minimized, and at the same time the setting of a potometer can be extre-
mely simplified.

In order to supply water to a pipette, an injecter such as one used in the medical pro-
fession, 0—b5 c¢c in capacity, was employed. And readings of the height of water column in
the pipette were usually taken at intervals of 5 minutes. The diameter of stem, number
of leaves, total green leaf weight and the total leaf area were measured after the comple-
tion of experiment. The air temperature, relative humidity, atmospheric pressure, wind
velocity, and the radiation intensity were observed respectively by the usual bulb thermo-
meter, Lambrecht’s hygrometer, mercurial barometer, rotating vane type anemometer, and
the hand-made thermopile radiometer constructed of 131 thermocouples of B. S. No. 36 copper
and constantan wires. Of course Lambrecht’s hygrometer was checked from time to time
by a standard hygrometer, and also the thermopile radiometer by a pyrheliometer.

3. Comparison of the transpiration rate of cut shoot with rooted plant.

It is an important matter to compare the transpiration rate of a cut shoot mounted in
a potometer with that of a rooted plant. In order to carry out the examination, the author
prepared 6 Cryptomeria japonica 2 years old and 5 Cinnanomuwn camphora 3 years old in
Nov., 1952, by courtesy of the Miyano nursery station in Yamaguchi district, Japan. These
plants were placed in pots previously boiled in paraffin and were grown up in a garden
until Aug., 1953. But two of the Cryptomzria japonica and all of the Cinnamomum camphora
withered during this period, but three of the latter were again germinated and grew up to
the sizes scarcely usable for our experiment. Among these potted plants the author selected
two of the Cryptomzria japonica and one of the Cinnamomum camphora in good health. In
addition, two Diospyros kaki grown up in pots for about one year after seeding in 1950 on
the ground were selected.

As to the experiment, a hole at the bottom of a pot was sealed with a rubber stopper
and plenty of water was supplied to the pot. The pot was then wrapped in a vinyl sheet
and its end was tightly tied up to the stem of a plant after a wooden lid which had previously
been boiled in paraffin had been placed at the top of the pot. Thus the whole pot was kept
water-tight.

In obtaining the transpiration rate of the potted plant by weighing, the left-hand scale
pan and its supporting device of an analytical balance were taken off, and a wire hung
down through the opening of the bottom of the case to support the potted plant. Indeed it
was an over-load to the balance, but the sensitivity of +5mg was thus barely obtained.
The experiment was carried out in a dark room, 50 square meters in area, under the radia-
tion of 8 electric lamps, 500 watts in each, totaling to 4,000 watts.

By leaving the potted plant to be investigated alone in the laboratory from the previous
day, its soil temperature was allowed to approach the room temperature as nearly as possible.
And after the commencement of the experiment, weighing of the potted plant was continued
until the transpiration rate became nearly constant. After attaining a constant value, the
stem of the plant was severed at the height of 2 few centimeters above its base, and the

fresh surface was quickly cut under water again, about ten centimeters above the first cut,
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to exclude the air as far as possible from its water-conducting system, and then the cut
shoot was mounted in a potometer. There after the potometer was placed carefully in situ
and the readings were continued.

In order to take into account the rate of water loss from the pot into the value of
transpiration rate, the pot was weighed after applying vaseline to the cut surface of the
stem. But this rate of water loss was almost negligible when compared with the trans-
piration rate. Five experimental results thus obtained with respect to three species are
shown in Fig. 3 to 7. In every figure ! mark shows the instant of severance of the stem.

Figs. 3 and 4 show the experimental results with respect to Cryptomeria japonica carried
out on Aug. 13 and Sept. 10, 1953, respectively. In both cases, the transpiration rate has
once attained the maximum value, 163.6% higher in Fig. 3 and 88% higher in Fig. 4 than
the value before cut, at 7 and 5 minutes after the severance, respectively, followed by a
rapid depression. In the case of Fig. 3, the transpiration rate attained the value almost
exactly the same as the value between 1:00 P. M. and 2:15 P. M. at 4 .10 P. M. (83
minutes after cut), but still 15.29 bigher than the value just before cut. And in the case
of Fig. 4, it attained a value only 1% higher than that just before cut at 4 : 00 P. M. (102
minutes after cut).

Fig. 5 shows the experimental result with respect to Cinnamomum camphora carried out
on Sept. 18, 1953. In this case, the transpiration rate once attained the minimum value
48.2 % lower than the value before cut at 7 minutes after the severance, but then began to
increase rapidly and attained the maximum value 78.9 % higher than the value before cut
at 21 minutes after the severance. From then on it turned again to decrease the transpira-
tion rate agreed once with the value just before cut at an instant of 49 minutes after the
severance, and this decreasing tendency continued unrestrictedly. The commencement of
wilting of cut shoot was observed by the naked eye at 3 ;03 P. M., the instant shown in
figure by a small arrow head. The transpiration rate at this stage was only 13.2% less
than the value befor cut. This occurrence of wilting during such an early stage seems to
confirm the statement by Knight:

“These stages are reached very early in the process, befcre the water-content of the
wilting leaf has decreased more than about 1 per cent.

The commencement of wilting may be inferred from the flaccid condition of the leaves
before it is possible to determine experimentally a definite decrease in leaf water-content.”

And it is obvious from the figure that the transpiration rate after cut does not coincide
with that before cut in the case of the commencement of wilting. Accordingly, the ex-
perimental results obtained during such a stage should not be adopted. As to the cause of
the commencement of wilting in the case of this species, the fact that the plant used in
this experiment had been once withered and again germinated in the pot should be taken
into consideration.

Figs. 6 and 7 show the experimental results with respect to Diospyros kaki carried out
on Sept. 22 and Sept. 24, 1953, respectively. In Fig. 6, the transpiration rate after cut
differs only +1.2% from the value just before cut. The gradually increasing tendency of
the transpiration rate with respect to time seems to be due to the increase of air temperature.
In Fig. 7, the transpiration rate after cut once reached the minimum value at 3 :23 P. M.,
but after that, increasing rapidly, it approached a value only 2.4%; less than the value

before the severance, remaining constant after the instant of 3 :58 P. M.



Fho z@EFENEOWFE (o 5) (L) — 71 —

Thus the transpiration rate after cut is sometimes much larger or much smaller, and in
some cases is equal to the value before cut, but after one or two hours the transpiration
rate approaches the value just before cut within the difference of +42.4%, as in 4 cases
among 5 experiments. The only one exception was the case of Cinnamomum camphora; and
in this case the commencement of wilting was observed at the instant of only one hour after
the cut. From these examinations, it will be considered that a cut shoot mounted in a
potometer will serve satisfactorily our investigation in order to determine the transpiration
rate just before the severance, if one or two hours has elapsed after the severance, so long
as the commencement of wilting has not occurred.

It should be noted that it is doubtful whether the transpiration rate cited in this paper
during the period of transition after the cut of the stem will give the true transpiration
rate or not, for the transpiration rate given in this report as that after the cut was calculated
from the amount of water absorbed by a cut shoot. But, as it was not our aim to discuss
this problem, the word ‘‘transpiration rate’’ was used for the present.

The author is much obliged to Mr. K. Koko of Miyano Nursery Station in Yamaguchi
district, Japan, who gladly offered him the experimental materials used in the investigation.

4. Observation of stomata.

Many of the investigators have been engaged in this field for a long time. And there
are various methods of observation of stomata, such as Stahl’s?* cobalt chloride method,
Darwin’s® horn hygroscope method, Lloyd’s'® alcohol method, Darwin and Pertz’s? porometer

method, Lloyd’s!® microscope method, infiltration methods*’2"3V using various reagents,
and others.

The author has applied the “Swmp’’ method'??® to observe the stomatal openings with
respect to Ilex rotunda THUNBERGIT. A ‘‘Sump’’ plate was pressed against the back of a
leaf and the pattern of the stomata was taken. And the pattern was observed under a micro-
scope having the magnification of 40 or 2,250, and the magnified image of the stomata was
photographed in succession. This method has an inconvenience in observing the same
portion on a leat because of the tissue injury of a leaf by the solvent in the “‘Swmp’’, but
on the contrary it has a great advantage in obtaining a permanent pattern of stomata covering
any small area on a leaf at any instant, and accordingly the observation of stomata over a
certain area can be performed in a laboratory without haste. And also it is possible to
take a clear, enlarged photograph of the stomata, as shown in Phots. 1 to 3.

Phots. 1 to 3 show the enlarged photographs of stomata patterned from a leaf of Ilex
rotunda THUNBERGII in full sunlight on Oct. 9, 1952 in the open. Air temperature, relative
humidity, radiation intensity and wind velocity during the period of experiment were 25.0
—23.7°C, 54—579%, 0.89 cal/ cm?® /min and 0.3—1.0 m/sec, respectively.

All of Phot. 1 (A), (B), (C), and (D) show the stomatal openings of a branch under
natural state, and similarly Phot. 2 (A) shows the stomatal openings of a branch under
natural State just before the severance. It can be seen from these photographs that the
stomata of the branches under natural state are full opened. The latter branch was severed
at 11 : 15 A. M. and was divided into two parts. Both parts were hung by a string in situ,
the one without water-supply and the other with water-supply. The photographs of stomata
of these cut shoots 15 minutes after the cut are shown in Phot. 2 (B) (without water-
supply) and Phot. 3 (A) (with water-supply), and that of the cut shoot without water-
supply 35 minutes after the cut is shown in Fig. 2 (C), but that of the cut shoot with
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water-supply was missed. Phot. 2 (D) (without water-supply) and Phot. 3 (B) (with water-
supply) show the openings of stomata 85 minutes afer the cut.

By comparing these three series of photographs, we can see the openings of stomata of
the cut shoot without water-supply cease gradually after the cut, and are almost completely
closed at 85 minutes after the cut, as in Phot. 2 (D). The commencement of wilting of
leaves on this cut shoot was already observed by direct observation 35 minutes after the cut.
On the contrary, the stomata of cut shoot with water-supply was widely open throughout
our observation as in Phot. 3 (A) and (B), when compared with that of a branch under
natural state (Phot. 1). And the leaves of this cut shoot remained turgid throughout our
observation.

Here again, from these observations, we can say that a cut shoot mounted in a potometer
can satisfactorily serve our investigation in the healthy state so long as the commencement
of wilting does not occur.

5. Examination of cutting process of a branch.

From the examinations described above, a cut shoot mounted in a potometer can be
considered useful to our investigatioa of traunspiration if two or three precautions are taken.
Subsequently, we have to examine next the cutting process of a branch in order to find
out the most convenient and effective way to treat the cut shoots of various species under
investigation. For this purpose, cutting processes have been divided into three methods:
(1) cut under water, (2) cut under water after the severance in air, (3) cut in air. And
in order to examine the effects of these cutting processes, five species namely, Myrica
rubra SI1EB et ZUCGC., Robinia pszudacacia L., Podocarpus macrophyllus D. DON., Pinus
Thunbergii PARL., and Cryptomeria japorica D. DoN. were selected among; (1) evergreen
broad-leaved trees, (2) deciduous broad-leaved trees, (3) acerose trees. Sharp scissors were
used to cut the branches. The transpiration rates of cut shoots treated by these three me-
thods were compared under the same environmental conditions with respect to five species
mentioned above. Figs. 8 to 13 give the results.

Figs. 8 and 9 show the experimental results in the open on Myrica rubracarried out on
Oct. 12, 1952 and Oct. 31, 1951, respectively. Curves A, B, and C in Fig. 8 show the
transpiration curves of cut shoots treated by different cutting processes as; A: cut under
water, B: cut under water at 6 ¢z above the cut end one second after the first cut in air,
and C: mounted in a potometer one second after the cut in air. But there is no remarkable
discrepancy among these curves of transpiration rates. Part A of the curve in Fig. 9 shows
the transpiration rate of a cut shoot severed under water, and part B shows that of the same
cut shoot reset in the same potometer one second after the second cut of the stem at12: 40
A. M. (this instant i3 shown by a small arrow head) in air at the height of several centi-
meters above the old cut end. This experiment was carried out in order to compare the
transpiration rate of cut shoot severed under water with that in air with regard to the same
shoot. Again we can see no remarkable discrepancy, as before, between part A and part B.
Furthermore, the author examined the process just opposed to that of Fig. 9, but the result
was the same. It was found that a cut shoot of Myrica rubra mounted in a potometer after
remaining in air for 10 seconds after the cut in air still gives a satisfactory transpiration
rate. Thus the cutting process with respect to Myricz rubra is extremely simple. Aund a
cut shoot mounted in a potometer remains in a healthy state for at least 2 or 2.5 hours as

can be seen in the figures. And also practically, it is an easy matter to maintain a cut
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shoot of this species for 5 or 6 hours in a healthy state.

Figs. 10 to 13 show the experimental results in the open on Robinia pseudacacia,
Podocarpus macrophyllus, Piaus Thunbzrgii ParL., and Cryptomzria japonica, respectively.
In every figure, curves A, B, C, and D show the traunspiration curves of cut shoots treated
by different cutting processes as; A: cut under water, B: cut undsr water at about 5 to 15
centimeters above the cut end oae second after the cut ian air, and C, and D: mounted in
potometers 1 and 5 seconds after the cut in air, respectively.

In the case of Robinia pszudacacia, curves B, C, and D traced entirely different courses
as compared with that of curve A, as in Fig. 10, and the cut shoots B, C, and D had also
started to wilt at the instants shown by the small arrow heads in the figure. These cut
shoots had completely withered, after 3) minutes in the case of B and C, and after 15
minutes in the case of D. Accordingly, only a cut shoot A had maintained a healthy state
throughout the experiment. Thus, the cutting processes other than that of cutting under
water failed in the case of Robinia pseudacacia. Furthermore, the author found that the cut
shoot of this species is very difficult to maintain in a healthy state more than an hour after
the cut in full sunlight even when cut under water.

In the case of Podocarpus, macvophyllus, only a curve D traced an entirely different
course as compared with that of curves A, B, aud C, as in Fig. 11. Accordingly, the cut
shoots other than D which were mounted in a potometer five seconds after the cut in air,
can be used in a healthy state in our investigation. And such shoots remain in a healthy
state for at least 2 hours as can be seen in Fig. 11.

In the case of Pinus Thunbzrgii Parn., curves C and D traced entirely different courses
as compared with that of curves A and B, as in Fig. 12. Accordingly, for this species, a
branch has to be cut under water or cut under water within one second after the cut in air.
Moreover, it is preferable to adopt the method of cutting under water, for the curve B in
Fig. 12 is the only case that succeeded in maintaining the cut shoot in a healthy state
among four cut shoots treated by the same prozess. Provided the branches are cut under
water, the cut shoots can be maintained healthy for at least 3 hours as can be seen in Fig.
12.

As regards Cryptomeria japonica, curve D traced an entirely different course as compared
with that of curves A, B, and C, as in Fig. 13, similarly to the case of Podocarpus macro-
phyllus. Accordingly, the cut shoots other than D, which had its cut end exposed in air
for five seconds, can be used in a healthy state for our investigation. And such shoots
remain in a healthy state for at least 2 hours as can be seen in Fig. 13.

Thus, the effect of the cutting process on transpiration rate differs widely with different
species. Myrica rubra was the easiest species and Robinia pseudacacia was the hardest
species in the cutting process among five species. This being so, it is necessary to ascer-
tain the most convenisat and appropriate cutting process with respact to the species to be
investigated prior to its application.

6. Effect of change of water pressure in measuring pipette.

It is unavoidable that the water pressure exerted on the cut surface of a shoot varies
in accordance with the change of the height of water columu in the measuring pipette
when using a vertical measuring pipette type potometer. Hence, an examination oun the
effect of this change of water pressure on transpiration rate becomes necessary. Our

examination was performed with respect to cut shoots of Myrica rubra, using two types of
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potometer previocusly shown in Fig. 1 (A) and (B).

Fig. 14 shows an example‘of the experimental results carried out in the open on Aug.
6, 1951 in sunlight through fleecy clouds. Air temperature, relative humidity, and wind
velocity during the period of experiment were 29.5—29.0°C, 66—73%, and about 3 m/sec,
respectively. In Fig. 14, . mark and X mark show the transpiration rates when using
the horizontal measuring pipette type potometer, and O mark the vertical measuring pipette
type potometer under the same environmental conditions. Fairly good agreement can be
seen in both cases as shown in the figure. Consequently, we can conclude that the effect of
water pressure change amounting to this extent is not great, and that there is no difficulty
in using either type of potometer for our convenience.

7. Effect of projection area of cut shoot against solar radiation.

The transpiration rate has been represented as the amount of ahsorbed water per hour
per unit leaf area of a cut shoot, but so far as radiation intensity is concerned, it is
doubtful whether simply the leaf area should be applied or whether the projection area
against solar radiation should be applied. Hence, the examination has carried out on the
effect of projection area against solar radiation on the transpiration rate.

Figs. 15 and 16 show the results of experiments carried out in the open on Oct. 18
(fair) and Oct. 31, 1951 (fair) with respect to Myrica rubra. Part A of the curve in Fig.
15 shows the transpiration curve when the projection area of a cut shoot against solar
radiation is at its maximum, but part B shows that when the projection area is at its
minimum. A small arrow head shows the instant of changing the direction of a shoot against
solar radiation at 12 :49 A. M. As the result, the transpiration rate has changed to an
extent from 0 to 13% of the former value. In order to confirm the result furthermore, an
experiment shown in Fig. 16 was performed. Three cut shoots of Myrica rubra were em-
ployed. Their various constants are indicated in Table 1. Four signs A. B, C, and D in
the table correspond to those in Fig. 16, respectively. The projection area of the first cut
shoot was 305 square centimeters in part A of the curve in Fig. 16, but as a result of
changing the direction of the cut shoot, it increased to 480 square centimeters, equal to the
increase of 57.4 % of the initial value, in part B. And the ratio of projection area to total
leaf area increased from 0.22 to 0.34 corresponding to the increase of 54.59% of the initial
value. But there can be seen no remarkable discrepancy of transpiration rate between part
A and part B of the curve. Furthermore, the transpiration rates of cut shoots C and D are
in good agreement in spite of the fact that the ratio of projection area to total leaf area in
cut shoot D is exceeded for 7.7% by C. And the transpiration rates of cut shoots A and B
exceed about 40% when compared with those of cut shoots C and D, in spite of the ratios
of projection area to total leaf area of cut shoots A and B being smaller than that of C and
D to an extent from 15 to 91%. Thus, in Fig. 16, it seems to be useless to explain the
discrepancy among the transpiration rates by the projection area against solar radiation.

From these results, we can not say the transpiration rate of cut shoot always increases
or decreases in direct proportional relation to the ratio of projection area to total leaf area,
but at least we have to affirm the fact that the effect of projection area sometimes attains
to an extent from 0 to 13%.

8. Effect of change of water temperature in potometer.
The temperature of water in a pctometer depends mainly upon the air temperature and

the radiation intensity, and at the same time disturbance by the water-supply in a measuring
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pipette. Accordingly, it becomes necessary to investigate whether the change of water
temperature affects the transpiration rate or not. The author has examined this effect in
the laboratory under the radiation of 8 electric lamps, 500 watts in each, with respect to
two cut shoots of Myrica rubra mounted in two potometers of the same type. These two
potometers were placed in the laboratory under the same environmental conditions, and the
water temperature of one of these potometers was first raised to about 40°C, then gradually
cooled and the change of transpiration rate observed.

Fig. 17 shows the result of an experiment carried out on Feb. 4, 1952. Curves a and b
represent the water temperature corresponding to the transpiration curves A and B, respec-
tively. The water temperature of a cut shoot A varied from its maximum value 38.0°C to
a minimum value 11.2°C, ranging to the large extent of 26.8°C. But, on the contrary, the
water temperature of a cut shoot B remained nearly constant within +1°C throughout the
period of experiment. In spite of these differences in water temperature, not only are the
time marches of transpiration rates in both cases in parallel tendency but the discrepancies
between the values of transpiration rates are indistinct. Especially the effect of decreasing
water temperature can not be seen at all in the transpiration curve A. It would seem to tell
that the temperature of water absorbed in the water-conducting system of the stem of a cut
shoot from its cut surface will soon be equalized with the air temperature by heat conduc-
tion between the bark of cut shoot and the air before arriving at the leaves. Under such
consideration, the transpiration rate of cut shoot would not be affected at all by the change
of water temperature in the potometer if the distances between cut end of shoot and leaves
is sufficiently long so as to equalize the absorbed water temperature to tQe air temperature.

It should be noted that the six small arrow heads on curves A and B in Fig. 17 show
the instants of water-supply in pipettes for reference. This observation becomes necessary
in the next article.

9. Effect of water-supply in pipette.

It is unavoidable to supply water in a pipette in the case of an experiment lasting for
a long period. Hence, the examination on the effect of water-supply on transpiration rate
becomes necessary. The disturbing actions of water-supply can be roughly divided ianto
three actions as follows.

(1) sudden increase of water pressure on cut surface of a shoot.

(2) change of water temperature in a potometer.

(3) agitation of water in a potometer.

Among these actions, the effects of (1) and (2) on transpiration rate have already been
examined in the previous articles 6 and 8, respectively. And it is known that the effects
of these actions on transpiration rate are not very remarkable. But regarding the effect of
(3), it has not yet been examined. For that reason, the author has carried out several ex-
periments to study the effect of water-supply on transpiration rate. But only one example
is shown in Fig. 18.

Fig. 18 shows the experimental result carried out in the open on Oct. 18, 1951 (fair)
with respect to Myrica rubra. A small arrow head in Fig. 18 shows an instant of water-
supply at 12 :20 A. M. But the difference of transpiration rate before and after the water-
supply is not remarkable. Besides, as noted in the article 8, six small arrow heads in Fig.
17 show the instants of water-supply; but there can be seen almost no detrimental effect

arising from the water-supply. A slight decrease of the transpiration rate in 6 among 7
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chances of water-supply depends not upon the direct effect of water-supply, but these
examples happened to represent such result. This was confirmed by several other results
of experiments performed by the author. Thus, the water-supply in the course of experiment
can safely be carried out.

10. Method of determining the transpiration rate.

From the results of various examinations described above, it can be considered that the
potometer method is useful for the measurement of transpiration rate, and the value obtained
from this method has no serious error compared with that of under natural state. But it
should be noted that the value obtained from the wilted cut shoot does not agree with that
of under natural state. The measurement of transpiration rate should be commenced after
leaving a cut shoot mounted in a potometer alone under a certain environmental coandition
for at least 1 or 2 hours, for the transpiration rate after cut of brauch geunerally does not
agree with that of under natural state for 1 or 2 hours.

There are two methods of determining the transpiration rate from the readings of a
potometer, as illustrated in Fig. 19. One is to determine the mean transpiration rate during
certain period of observation from the mean gradient of the curve representing the decrea-
sing height of the water column in the measuring pipette as in the case of curve A in Fig.
19, and the other is to determine the transpiration rate in a short period of time, in a 5
minute period for example, as shown with the curve B in Fig. 19 which was computed
from the rate of water absorption, every 5 minutes, in the curve A. The former method
is convenient in obtaining the mean transpiration rate during a certain period of experiment
when the environmental conditions are nearly constant, but it is inconvenient in investiga-
ting the momentary variztion of the transpiration rate during that period. The latter method
is convenient for investigating the momentary variation of the transpiration rate during the
period of experiment, but notice should be taken on account of the exaggerated experimental
errors that unavoidably come into the computed value of traunspiration rate en passant. An
example shown in Fig. 19 is the result of experiment carried out in the open on an extre-
mely calm day, Oct. 18, 1951 with respect to Myrica rubra. But, a certain amount of
variation in the transpiration rate can be seen, as in the curve B, in applying the latter
method.

There is some benefit in each method, but at the same time there is also some defect,
as illustrated above. In consequence, the author has adopted the latter method in this in-
vestigation, as it is more convenieunt to investigate the nature of transpiration rate correlating
to the various environmental conditions. And generally, the transpiration rate is determined
from the amount of water ahsorbed by a shoot, in every 5 minutes, in grams per hour per
square meter. But in the case of Cryptomeria japonica, the unit of grams per hour par 10)
grams of green leaf weight was adopted, because the measurement of the total leaf area
was extremely difficult in this species.

It should be noted that the sum of one-side-areas of leaves was used as the total leaf area
in the case of broad-leaved trees, but the whole leaf area was used in the case of pine trees.

In conclusion, the author wishes to express his grztitude to Dr. U. Nakaya of Hokkaido
University who kindly took great pzins to help the author throughout the research, and to
Dr. A. Higashi of the same University and Dr. M. Akiba of Tokyo University. He is also
grateful to Dr. M. Ohmasa, the Director of the Government Forest Experiment Station in

Toky, who kindly led the cuthor in preparing the report.



