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THE INFLUENCE OF THE TEMPERATURE OF
THE CULTURE WATER ON THE WATER
ABSORPTION BY THE ROOT
AND ON THE STOMATAL APERTURE

By

TAKASHI TAGAWA
(With 8 Text-figures)

(Contribution from the Botanical Institute, Faculty of Agriculture,
Hokkaido Imperial University, Sapporo, Japan)

It has long been known that the rate of intake of water by plant roots
is considerably influenced by temperature. Sacms (1960) paid attention to
the wilting of the plant during the midday hours of the warm early spring
day, when the soil is still cold. Finding that wilting of pumpkin and
tobacco plants in pot culture resulted from lowering the soil temperatures
to 2°C, and that recovery from it happened when the soil was reheated,
Saces concluded that the wilting of the plant in this season is mainly
due to the lowering of the soil temperature. KosaroFr (1897) has observed
that the root of Phaseolus 1nultiflorus absorbs water as much as 210 mm of
the potetometer tube at 20°C during 20 minutes, while it measured only
140 mm at 0°C. Therefore at 0°C the root of Phaseolus plant can absorb
about 3/4 or 2/3 as much water as at 20°C. BobE (1923) also found a
parallel relation between the water absorption by the sunflower root and
the water temperature and STILES and J@RGENSEN (1917) likewise recognized
the same relation between the swelling of potato or carrot tissue and the
water temperature. HEevL (1933) found that Bleeding has a similar relation
to the soil temperature. Booxstra (1935), however, could not find such
influence of soil temperature on the root pressure of the pea.

In connection with the relation between transpiration and stomatal
aperture, a number of interesting observations have been made, namely,
those by DArwIN (1916), ILjiN (1922, 1933), KnigHT (1916, 1916), LAiDLAW
and KniGHT (1916), LorFTFIELD (1921) and TRELEASE and LiviNgsToN (1916).
Though it is without question that the shoot and root are intimately cor-
related in water economy, the direct relation between the water absorption
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and the stomatal aperture seems hitherto to have been scarcely taken into
consideration, and the water balance in a plant individual as a whole was
rather neglected.

The writer, being engaged in studies on the problem under the present
heading, wishes now to make a preliminary report of his experimental
results. Material (seedling of Phaseolus vulgaris), methods and the ex-
pression of the measure value are similar to those reported in the previous
papers (1934, 1936), so their full descriptions are omitted here.

Experiment 1: As shown in a previous paper (1936 a), the suction
force of the shoot very probably exerts influence upon the water absorption
by the root. This power is developed by the transpiration, and the stomatal
aperture plays a main réle in this relation. The writer has confirmed that
under constant and continuous illumination the diurnal fluctuation of the
stomatal movement stopped, leaving the stomatal aperture constant within
five days after the transference from natural conditions, if the temperature
and atomospheric humidity are kept constant. At the beginning of a series
of experiments the writer investigated whether the plant thus derived can
show a constant water absorption under the same conditions.  The ex-
periment was carried out on the 2nd and 3rd March, 1936. The results
are shown in Table 1 and Figure 1.

Results: Accompanied by the elimination of the diurnal fluctuation
of the stomatal movement under constant conditions as stated above, at a
certain number of days after the transference from natural conditions, the
water absorption became almost constant. Accordingly, the water absorption
and the stomatal aperture under these constant conditions may be regarded
as the standard for the same at varied temperatures. Practically the altered
water absorption and stomatal aperture on the second day of each ex-
periment were expressed in percentages, taking each corresponding standard
value as 100.

Experiment 2: KosarorF (1897) has reported that the plant root can
absorb water even from frozen soil. In the present work, the water
absorption and the stomatal aperture were measured, keeping the root in
ice water. The experiments were carried out on the 27th and 28th
December, 1935 and 6th and 7th March, 1936. The result is shown in
Tables 2 and 3 and Figure 2.

Results: As seen from the experimental data, the water absorption
decreased suddenly after the root was transferred from water of 20°C into



THE WATER ABSORPTION BY THE ROOT AND THE STOMATAL APERTURE 273

ice water of 0¢°C. This point is indicated by the mark “}” in the figure.
Stomata showed a slight temporary closure shortly after the transference,
soon followed, however, by a remarkable opening accompanied by the
commencement of the wilting of leaf due to the deficiency of the water
absorption by the root. Why the temporary opening of stomata occurred
in spite of the decrease in the water absorption, can not be explained
satisfactorily at present.

In accordance with the progress of the wilting, the stomata rapidly
attained the maximum opening, again followed, however, by a little closure,
when the leaves were distinctly flaccid.

On the second day of the experiment, the water absorption and the
stomatal aperture became almost constant, showing no remarkable fluctua-
tion all day. Under this condition of the pldnt, the water absorption was
56.6 9 and the stomatal sperture 311.4 %. In this case attention should
be called to the fact that the stomata opened wide in spite of the distinctly
flaccid state of the leaf. After the removal of such plant root from ice water
into water of 20°C (1), a sudden increase of water absorption was observed
accompanied by the rapid recovery of turgescence of the leaf. Such raised
water absorption, however, began soon to decrease and again reached the
initial degree.

Experiment 3: Similarly as in the previous experiments, the water
absorption and the stomatal aperture were measured, keeping the root in
water of §°C. The experiments were carried out on the 24th and 25th
January, and 10th and 11th March, 1936. The results are shown in Tables
4 and 5 and Figure 3.

Results: As in the previous experiment a rapid decrease in water
absorption occurred shortly after the transference of the plant root from
water of 20°C into that of 5°C (| ), accompanied by the wilting of the
leaf. On the second day of the experiment, the leaf was still wilted, and
the stomata opened as widely as on the previous day, while the water
absorption decreased considerably, but went on almost constantly all day.’
The water absorption was 60.0 % and stomatal aperture 274.9 %.

Experiment 4: The root was transferred from water of 20°C into that
of 10°C. The experiment was carried out on the 31th January and 1st
February and 1gth and 2oth March, 1936. The results are shown in
Tables 6 and 7 and TFigure 4.

Results: As seen from the experimental data, a remarkable increase
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of the stomatal aperture is also seen after the transference of the root from
20°C water into 10°C (] ), in spite of the distinct flaccid state of the leaf.
But the degree of the wilting of the sime leaf on the second day of ‘'the
experiment was not so remarkable as was recognized in the previous ex-
periments. When the balanced condition was reached on the second day
the water absorption was 66.7 9 and the stomatal aperture 168.6 9.

Experiment 5: Variations of the water absorption and of the stomatal
aperture were examined, after the root was transferred from water of 20°C
into that of 15°C. The experiments were carried out on the 21st and
22nd February and 22nd and 23rd April, 1936. The results are shown
in Tables 8 and g and Figure 5.

Results: It will be seen that the variation of the water absorption
and the behaviour of stomata are a little different from those observed in
the previous experiments. Shortly after the transference of the root (] ),
a temporary wilting of the leaf occurred, due to the rapid decrease of the
water absorption, accompanied by a temporary remarkable opening of
stomata. But soon afterwards the leaf recovered from the wilting according
to the increase of the water absorption, and the stomata began to close.
On the second day of the experiment no fluctuation of the water absorption
was observed, and a constant stomatal aperture was kept. The tugid state
of leaf under such constant condition is difficult to distinguish by appearance
from that in the case of the water temperature 20°C. The water absorp-
tion was 81.3% and the stomatal aperture 116.5%.

Experiment 6: In the previous experiments, the variations of water
absorption and of the stomatal aperture after the transference of the roots
from water of 20°C into the colder water were measured, but in the present
experiment the roots were transferred from water of 20°C into warmer
water, viz., of 25°C, and the variations were measured. The experiments
were carried out on the 27th and 28th May and 4th and sth June, 1936.
The results are shown in Tables 10 and 11 and Figure 6.

Results: The present results are widely different from the findings
of the previous experiments. On the first day of the experiment, shortly
after the transference from water of 20°C into that of 25°C (1), the water
absorption increased greatly, but it recovered the original lower rate on
the second day. From these facts it may be said that the rise of tempera-
ture of 5°C exerted no remarkable accelerating effect on the water absorp-
tion. The stomatal aperture was gradualy enlarged after the transference
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on the first day of experiment, and the maximum Opening was reached on
the second day. This rose at least to 108.49%, if the value under the
standard condition was taken as 100.

Experiment 7: Transference was made from water of 20°C into that
of 30°C, and the variations of stomatal aperture and of the water absorption
were measured. The experiments were carried out on the 17th and 18th
June and 24th and 25th June, 1936. The results are shown in Tables 12
and 13 and Figure 7.

Results: A remarkable increase of the water absorption was recognized
shortly after the transference (1) on the first day of the experiment. On
the second day, after a slight decrease, its constant value 130.0% was
continuously kept. The similar relation was obtained as to the stomatal
opening; that is, the reaction corresponded to the increase of the water
absorption, after the transference on the first day, and a constant aperture
113.09% continued on the second day.

In order to facilitate the understanding of all the experimental results,
they are summarized in the following Tables A and B and Figure A=

TasLE A

Water absorption in the varied water temperatures; the
value obtained in the water of 20°C was taken as 100.

Temperature (C°) o I 5 j 10 15 ' 20 } 25 30
Water absorption (%) 56.6 l 60.0 66.7 81.3 100.0 100.0 130.3
TasLE B

Variations of stomatal apertures, the roots being kept in
the water of varied temperatures; the value obtained at
20°C was taken as 100.

Temperature (C°) [} ‘ 5 10 i5 ’ 20 25 30

Stomatal aperture {94) 3114 273.4 168.6 116.5 100.0 108.4 113.6
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The results are quite comprehensible from Figure A.
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Discussion

In the present work the experiments were conducted with intact plants,
keeping all external conditions constant. It was ascertained that the increase
of the water absorption by the root went on in proportion to the rise of
water temperature, with the exception of the case in the water of 25°C
(Figure A). RyssELBERGHE (1901) and BobpE (1923) found the critical
temperature, which is peculiar to plant species and at which a rapid decrease
of the resistance to water absorption by the root cell appears. This,
however, could not be ascertained in the present work. Special attention
should be paid to the curve which clearly shows the influence of the water
temperature upon the stomatal aperture (Figure A). Upon being trans-
ferred into water of 0°C the stomata opened on the second day almost
three times as wide as at the initial temperature 20°C, in spite of the
flaccid state of the plant leaf, owing to the decrease of the water absorption
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by almost half. Accompanied by the recovery of the turgid state of the
leaf which was caused by the increase of the water absorption, when water
temperature rose in a range between 0°C and 20°C, a gradual closure of
the stomata was ascertained.

In a water temperature range higher than 20°C, a gradual increase
of the stomatal opening, due to the rise of the water absorption, took
place, but its degree was not so remarkable in comparison with that in
the temperature range below 20°C. It is a phenomenon contrary to the
general expectation that the wide opening of the stomata continued during
many hours, in spite of the plant wilting caused by the decrease of water
absorption in temperatures below 20°C.

The opening of the stomata of the wilting plant has already been
observed by DArwIN and PErTz (1916), ILjIN (1933), LAaipLaw and KNIGHT
(1916), and WEBER (1927), but the quantitative relation between wilting
of the leaf and the stomatal aperture in low temperature has scarcely been
investigated. In a previous paper (1936 b) the writer has reported that the
stomatal aperture and the transpiration rate run closely parallel. -Essentially,
it may be a difficult matter to treat the function of the stomata both in the
turgid and wilting plant in the same manner. From the teleological point of
view, it is very curious to see that the disturbance of the water economy in
plant body is never controlled, which is caused by the unfavorable relation
between the wide opening of stomata and the depression of water absorption.

According to THREN (1933), the injury to plants by cold in winter,
observed at least in Germany, should be explained rather by the excess
water loss by transpiration over the water supply from the root than by
the direct influence of the cold weather itself. On this point the writer’s
results will furnish some substantiation for THREN's opinion.

Summary

1. The present investigation was carried out in order to make clear
the variation of the water absorption by the root and that of the stomatal
aperture of a seedling of Plaseolus wvulgaris cultured in water, when the
water temperature was changed, while air temperature, atmospheric humidity
and light intensity were kept constant.

2. Within a temperature range between o°C and 30°C, a rise of the
water temperature caused a gradual increase of the rate of water absorption
by the root.
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3. The stomata opened widely, when the root was kept in ice water
of 0°C, yet the plant body was in a flaccid state, due to the decrease of
water absorption by root. With a rise of the water temperature within a
range between 0°C and 20°C, a gradual closure of stomata took place.
Between 20°C and 30°C, a gradual opening of the stomata happened, hand
in hand with an increase of water absorption, though the degree of its
opening was not so remarkable as in the former case.

4. Accordingly, it is not unreasonable to consider that the cold injury
may be caused in some cases rather by the disturbance of the water
balance in plant body than by the direct influence of the coldness upon
the plant.

The writer wishes to express his sincere gratitude and hearty thanks

to Prof. T. SAKAMURA for his suggestions and guidance in the present work.
s
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TABLE I

Amount of water absorbed by root under constant and continuous illumination, § and 6
days after transference from natural condition. Each measurement was made at intervals of
15 minutes. Air temperature 25°C, water temperature 20°C and atmospheric humidity 6094.

5 days after Amount of water 6 days after Amount of water
transference absorbed transference absorbed
(Time) (Time)
10.00 0.g0 10.00 0.85
10.15 0.90 I0.15 0.90
10.30 0.80 ) 10.30 0.0
10.45 0.85 ‘ 10.45 0.90
11.00 0.85 1 11.00 0.90
1115 0.8;5 ! 1115 0.90
11.30 0.85 11.30 0.0
11.45 0.85 11.45 0.85
12.00 0.85 12.00 0.85
12,15 0.85 12.15 0.85
12.30 0.85 12.30 0.90
12.45 0.85 12.45 0.90
13.00 0.85 13.00 0.90
13.15 0.85 13.15 0.85
13.30 08> . 13.30 0.90
13.45 0.8 } 13.45 0.g0
14.00 0.75 | 14.00 0.85
14.15 0.80 14.15 0.85
14.30 0.80 14.30 0.0
14.45 0.80 14.45 0.85
15.00 0.80 15.00 0.90
15.15 0.85 I15.15 0.85
15.30 0.80 15.30 © o0.90
15.4% 0.85 15.45 0.90
16.00 0.90 16.00 0.g0
160.15 0.90 16.15 0.90
16.30 0.90 16.30 0.90
16.45 0.90 16.45 0.90
17.00 0.90 . 17.00 0.90
17.15 0.90 17.15 0.90
17.30 0.90 17.30 0.85
17.45 0.85 17.45% 0.90
18.00 0.85 18.00 0.85
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280 TABLE 2

Variation of the water absorption after the transference of the
root from water of 20°C into that of 0°C.

%ra(.inas}gr:fntg Amount of water ?rf:s)}ser:rf;?‘: Amount of water
absorbed absorbed
(Time) (Time)
11.00 .55 i | 10.00 0.30 w\xw
11.15 o.60 ( 10.15 0.35 »
11.30 0.55 i 10.30 0.30 »
11.45 0.50 10.45 0.30 ”
12.00 0.55 1 11.00 0.25 ; ”
12.13 0.50 } l 11135 0.30 { »
12.30 0.50 ! ’ 11.30 0.30 o
12.45 0.50 l E 11.45 0.30 (o
13.00 0.50 l |i 12.00 0.30 t ”
Mean value 0.53 12.15 0.30 ' ”
In water at o°C. 12.30 0.30 i ”
13.30 0.25 12.45 0.35 o7
13.45 0.25 13.00 0.30 o
14.00 0.25 : 13.15 0.35 |‘ ”
14.15 0.35 ! 13.30 0.30 Coon
14.30 0.35 13.45 0.30 L
14.45 0.40 14.00 0.30 Lo
15.00 0.45 3 14.15 0.25 I "
15.15 0.50 w 14.30 0.30 P
15.30 o.6o » 14.45 0.25 ”
15.45 0.60 ” 15.00 0.2 ”
16.00 0.60 WW 15.15 0.30 ”»
16.15 0.60 ” 15.30 0.30 ”
16.30 0.60 ” Mean value 0.30
16.45 0.50 ” i In water at 20°C.
17.00 0.45 ” 16.00 1.80 1 zvvww
17.15 0.55 Www 16.15 2.60 WwWwW
17.30 0.50 ” 16.30 1.80 l WwWw
17.45 0.50 ” : 16.45 .25 A\
18.00 0.45 » ! 17.00 1.25 P
18.15 0.50 ” l 17.15 1.15 " R
18.30 0.50 ” I 17.30 0.80 P
18.45 0.45 wwww 17.45 0.63 j ”
19.00 0.50 ” | 18.00 0.50 Lo
! 18.15 0.50 ”
18.30 0.50 »

W means wilting of plant leaf, and number of “W's” shows its degree.
R means the recovery from wilting of plant leaf.
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TABLE 3

Variation of the stomatal aperture after the transference of
the root from water of 20°C into that of o°C.

Strgr?s);'irzrfxtceg Stomatal aperture ! ?r:?z?&ir:xi?; Stomatal aperture
(Time) | (Time)
11.00 0.0182 } g9.30 0.0667 WWWW
11.30 0.0200 I 10.00 0.0689 »
12.00 0.0196 ‘[ 10.30 0.0689 ”
12.30 0.0206 I 11.00 ; 0.0667 »
13.00 0.0204 11.30 ‘ 0.0645 ”
13.30 0.0196 12.00 , 0.0625 »
14.00 0.0204 12.30 l' 0.0606 »
14.30 0.0200 i 13.00 ! 0.0556 »
15.00 0.0204 : 13.30 ! 0.0556 ”
Mean value 0.0199 14.00 0.0556 »
In water at 0°C. 14.30 ‘ 0.0556 ”
15.30 0.0196 } Mean valu?| 0.0619
16.00 0.0192 | In water at 20°C.
16.30 0.0244 i 15.00 0.0556 wWwW
17.00 0.0318 ; ; 15.30 0.0400 W
17.30 I 0.0500 ; | 16.00 0.0526 R
18.00 0.143 w : 16.30 0.0529 »
18.30 0.286 wWwW | 17.00 0.0769 ”
19.00 0.400 ” 17.30 0.0833 ”
19.30 0.333 WWW 18.00 0.0500 ”
20.00 0.286 » 18.30 0.0505 ”
19.00 0.0417 ”

W and R, see above.
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TABLE 4

Variation of the water absorption after the transference of
the root from water of 20°C into that of 5°C.

Str;?r?Zfse rtg:; Am(::{)ns; 1—?)2 &vnter 6trg§§t§e rii:i; Amozﬁgo;){) es/ater
{Time) (Time}
11.30 1.00 10.15 0.65 Wwww
1145 1.i5 10.30 o.60 »
12.00 1.10 © 1045 0.65 ”
12.15 I.I0 11.00 o.60 ”»
12.30 0.95 ! 1115 0.65 ”
12.45 0.90 3 11.30 0.60 »
13.00 0.95 1145 o.60 ”
13.15 : 0.90 12.00 o.6o ”
13.30 | 0.95 12.15 .55 ”
Mean value | 1.00 | 12.30 0.55 ”
In water at 5°C. 12.45 0.60 »
13.45 0.45 13.00 0.55 ?
14.00 0.55 13.15 0.55 ”
I4.15 0.70 13.30 0.60 >
14.30 1.00 13.45 o.60 [
14.45 1.05 ' 14.00 o.60 ”
15.00 1.05 14.15 0.60 ”
15.15 1.05 ! 14.30 o.6o ”
15.30 1.25 w 14.45 0.60 i
15.45 1.50 ” i 15.00 o.60 ”
16.00 1.40 ? l 15.15 0.60 ”
16.15 1.75 » : 15.30 0.65 ”
16.30 1.75 wWw ( Mean value 0.60
16.45 2.00 ” ! In water at 20°C.
17.00 1.80 » | 15.45 0.70 Www
17.15 1.80 WwWww f 16.00 1.20 w
17.30 1.85 ” : 16.15 1.30 R
17.45 1.95 ? |i 16.30 1.25 ”
18.00 1.go | ” ’; 16.45 1.20 ”
18.15 1.90 ” | 17.00 1.I0 ”
18.30 2.00 ” ; 17.15 1.1I0 ”
18.45 2.00 WwWww 17.30 1.05 ”
19.00 1.9 ” 17.45 L.10 ”
18.00 1.1I0 "

W and R, see above.
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TABLE 3§

Variation of the stomatal aperture after the transference of
the root from water of 20°C into that of 5°C.

Striiifserzgzé Stomatal aperture irg:gf?e r:::fr:i; Stomatal aperture
(Time) | (Time)
10.30 0.0286 10.00 0.0800 WWwW
11.00 0.0294 10.30 0.0800 ”
11.30 0.0294 11.00 0.0800 ”
12.00 0.0294 11.30 0.0800 ”
12.30 0.0294 12.00 0.0833 ”
13.00 0.0286 12.30 0.0833 »
13.30 - 0.0286 13.00 0-0800 ”
14.00 0.0303 ! 13.30 0.0800 »
14.30 0.0299 j 14.00 0.0800 ”
15.00 0.03I3 ‘ 14.30 0.0800 ”
Mean value 0.0295 | Mean value 0.0807
In water at 5°C. ; In water at 20°C.

15.30 0.0323 { 15.00 0.0408 WwWw
16.00 0.0357 i 15.30 0.0500 W
16.30 0.0417 1 16.00 0.0556 R
17.00 0.0588 ; 16.30 0.0667 ”
17.30 0.1000 ! 17.00 0.0500 »
18.00 0.143 w ‘} 17.30 0.0476 ”
18.30 0.182 ” 3 18.00 0.0500 »
19.00 0.143 WWwW 18.30 0.0500 ”
19.30 0.167 ” 19.00 00.500 ”
20,00 0.200 WWW

W and R, see above.
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TABLE 6

Variation of the water absorption after the transference of
the root from water of 20°C into that of 10°C.

5 days after

Amount of water

6 days after

Amount of water

transference absorbed transference absorbed
(Time) {Time)
10.30 1.10 11.00 0.70 Ww
10.45 1.05 I1.I§ 0.70 ?
11.00 115 l 11.30 0.70 »
I1.15 I.10 ‘ I1.45 0.70 »
11.30 1.1I0 12.00 0.65 »
11.45 1.05 12.15 0.65 ”
12.00 ‘ 0.95 E 12.30 0.70 »
12.15 f 1.00 ; 12.45 0.70 ”
zi: Z.gi . i}(:cs) 0.70 :
o .9 i 3. 0.70 i

13.00 0.95 I 13.30 ‘ 0.65 b
13.15 0.95 ' 13.45 0.70 ”
13.30 1.00 ; 14.02 o.70 ”

Mean value 1.02 \1 14.15 0.60 &

In water at 10°C. | 14.30 0.60 ”
13.45 0.00 i 14.45 0.70 ”
14.00 0.20 i 15.00 0.75 ”
14.15 0.25 15.15 0.75 ”
14.30 0.35 15.30 0.60 ”
14.45 0.40 \i% 15.45 0.65 ”
15.00 0.40 ” Mean value 0.68
15.15 0.40 ” ! In water at 20°C.
15.30 0.45 ” }: 16.00 0.60 ; WW
15.45 0.45 ” ;: 16.15 0.65 W
16.00 0.55 wWwW [l 16.30 0.63 R
16.15 0.60 ” ’! 16.45 0.65 | »”
16.30 0.65 # I 17.00 0.70 o

. 16.45 0.70 ” 17.15 0.75 ”
17.00 0.75 ” 17.30 0.80 ”
17.15 0.75% ” 17.45 .80 |
17.30 0.75 » 18.00 0.75 ”
17.45 0.75 WWWwW 18.15 0.75 o
18.00 0.85 ” 18.50 0.75 ”

W and R, see above.
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TABLE 7

Variation of the stomatal aperture after the transference of
the root from water of 20°C into that of 10°C.

ansierence Stomatal aperture Cransiorence. Stomatal aperture

{Time) (Time)
10.00 0.0128 9.30 0.0213 ww
10.30 0.0128 10.00 0.0222 ”
11.00 0.0125 : 10.30 0.0222 ”
11.30 0.0129 ; 11.00 0.0222 »
12.00 0.0123 ; 11.30 0.0217 ”
12.30 0.0133 12.00 0.0213 ”
13.00 0.0133 ! 12.30 0.0222 ”
13.30 0.0133 13.00 0.0213 ”

Mean valuee | 00129 o ‘ 13.30 0.0213 ”

In water at 10°C. Mean value . o.oé;} T |

A7”"14.o-o 0.67139 ; In water at 20°C.

14.30 0.0169 . N i4.oo T o.o.;.[‘3 W
15.00 0.0167 ! N 14.30 0.0222 R
15.30 0.0222 : 15.00 0.0222 P
16.00 0.022 15.30 0.0270 Lo
16.30 0.0222 16.00 0.0222 7
17.00 0.0250 Poow | 16.30 . 00233 ”
17.30 0.0250 ! ” 17.00 0.0213 »
18.00 0.0238 P 17.30 0.0233 ”
18.30 0.0208 i ” 18.00 0.0250 ”
19.00 0.0222 L Ww 18.30 0.0233 ”
19.30 0.0222 ! ” 19.00 0.0270 ”
20.00 0.022 Www

W and R, see above.
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TasLe 8

Variation of the water absorption by the root after the
transference from water of 20°C into that of 15°C,

5 days after

Amount of water

6 days after

Amount of water

transference absorbed transference absorbed
(Time) (Time}
11.15 0.0 11.30 0.60
11.30 0.90 11.45 . 0.65
11.45 0.90 ] 12.00 0.60
12.00 0.g0 } 12.15 0.65
12.15 0.8 | 12.30 0.65
12.30 0.80 [ 12.45 0.60
12.45 0.70 i 1300 0.65
13.00 0.70 ? 13.Ig 0.65
13.15 0.70 ) 13.30 0.65
13.30 .50 .‘ 13.45 0.65
Mean value | 0.80 i 14.00 0.65
In water at 15°C. ! 14.15 0.65
14.00 0.00 I 14.30 0.65
14.15 0.10 14.45 0.65
14.30 0.20 w 15.00 0.65
14.45 0.30 ”» 15.15 0.65
15.00 0.35 WW 15.30 0.65
15.15 0.30 WWwW 15.45 0.65
15.30 0.35 ” 16.00 0.65
15.45 0.45 ” Mean value 0.642
16.00 0.40 Wi In water at 20°C.
16.15 0,45 ” 16.30 0.95
16.30 0.40 w 16.45 0.85
16.45 0.45 ” 17.00 0.90
17.00 0.50 R 17.15 0.95
17.15 0.50 ” 17.30 0.80
17.30 0.55 ” 17.45 0.80
17.45 0.50 ” 18.00 0.80
18.00 0.50 » 18.13 0.90
18.30 0.90

W and R, see above.
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TABLE ¢

Variation of the stomatal aperture after the transference of

the root from water of 20°C into that of 15°C.

Strgrz:gfi: rzggé Stomatal aperture (t)rf:snyr:fxté: Stomatal aperture,
(Time) (Time)
11.00 0.0667 11.30 0.0714
11.30 0.0714 . 12.00 0.0833
12.00 0.0667 . 12,30 0.0833
12.30 0.0625 : 13.00 0.0833
13.00 0.0625 : 13.30 0.0769
13.30 0.0667 ; 14.00 0.0769
14.00 0.0667 1 14.30 0.0769
14.30 0.0689 ’ i 15.00 0.0769
15.00 0.0667 15.30 0.0714
Mean value 0.0665 16.00 0.0769
In water at 15°C. 16.30 0.0769
15.30 0.0769 17.00 0.0769
16.00 0.1430 w | Mean value 0.0775
16.30 0.2500 ww In water at 20°C.
17.00 0.3330 WWwW 17.30 0.0667
17.30 0.2860 ” ; 18.00 0.0625
18.00 0.2220 ” ' 18.30 0.0625
18.30 0.0741 WwW ; 19.00 0.0588
19.00 0.0625 w 19.30 0.0625
19.30 0.0667 R 20.00 0.0769
2000 § 0.0714 »

W and R, see above.
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TABLE 10

Variation of the water absorption after the transference of

the root from water of 20°C into that of 25°C.

lamense | Amewtalwater | Canfine, | Amount of water
(Time) ( Time)
11.00 1.00 11.00 I.15
1115 1.1I0 1115 1.15
11.30 Lo 11.30 1.1I0
11.45 1.10 I1.45 1.00
12.00 1.10 ' 12.00 1.00
12.15 1.I0 ' 12.15 I.10
12.30 L15 t 12,30 1.10
12.45 1.10 12.45 1.05
13.00 1.Io 13.00 1.10
1315 1.I0 13.15 1.10
13.30 LI5 13.30 115
Mean value I.Io 13.45 1.10
In water at 25°C. 14.00 1.15
T 13.45 1.35 14.15 I.15
B 14.00 1.35 14.30 LIO
14.15 1.40 14.45 1.I0
14.30 1.45 15.00 1.10
14.45 1.45 Mean value 1.10
15.00 1.45 . In water at 20°C.
15.15 1.40 15.15 1.40
I5.30 1.40 15.30 4 130
15.45 1.50 15.45 1.40
16.00 1.45 ' 16.00 1.30
16.15 1.45 16.15 1.40
16.30 1.45 16.30 L35
16.45 1.45 16.45 1.40
17.00 1.45 17.00 1.40
17.15 1.45 17.15 L.30
17.30 1.40 17.30 1.35
17.45 1.40 17.45 .30
18.00 1.45 18.00 1.30
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TABLE 11

Variation of the stomatal aperture after the transference of

the root from water of 20°C into that of 25°C.

Strgngse r:; fr::; Stomatal aperture irg:zfse ;ﬁ:s; Stomatal .aperture
(Time) (Time)
10.30 0.0370 10.30 0.0408
11.00 0.0385 11.00 ) 0.0392
11.30 0,0365 11.30 0.0408
12.00 0.0365 12.00 0.0400
12.30 0.0385 12,30 ! 0.0417
13.00 0.0365 13.00 0.0400
3.30 0.0365 13.30 0.0408
14.00 0.0365 14.00 0.0400
14.30 . 0.0365 14.30 0.0392
Mean value 0.0 3’7}7“ T 15.00 0.0385
In water at 25°C. Mean value 0.64—01
15.00 0.0365 In water at 20°C.
15.30 0.0375 15.30 0.0400
16.00 0.0392 16.00 0.0385
16.30 0.0392 16.30 0.0392
17.00 0.0392 17.00 0.0400
17.30 0.0408 17.30 0.0385
18.00 0.0400 18.00 0.0351
18.30 0.0400 18.30 0.0357
19.00 0.0400 19.00 0.0351
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TABLE 12

Variation of the stomatal aperture after the transference of

the root from water of 20°C into that of 30°C.

Sranirerence Amount of water Cndfeenea | Amount of sater
{Time) (Time)
10.00 1.50 10.00 1.90
10.15 1.50 10.15 1.95
10.30 ‘ 1.50 10.30 2.00
10.45 1.50 10.45 1.75
11.00 1.50 11.00 1.75
1115 I.50 1115 1.95
11.30 1.50 11.30 1.95
11.45 1.50 11.45 1.95
12.00 1.50 12.00 1.95
12.15 1.50 12.15 2.10
12.30 1.65 12.30 2.20
12.45 1.65 12.45 2.00
13.00 1.70 13.00 2.00
13.15 1.65 13.15 2.20
13.30 1.65 13.30 2.15
o Mean value 1.55 13.45 2.20
In water at 30°C. 14.00 2.15
13.45 1.80 14.15% 2,00
14.00 2.00 14.30 2.10
14.15 2.35 14.45 2.10
14.30 2.30 15.00 2.10
14.45 2.00 Mean value 2.02
15.00 2.00 I In water at 20°C.
15.15 2.00 1 15.15 2.00
15.30 2.00 15.30 1.65
15.45 2.15 15.45 1.70
16.00 2.10 ‘ 16.00 1.90
16.15 2.30 16.15 1.g0
16.30 2.35 ) 16.30 1.90
16.45 2.30 i 16.45 1.0
17.00 2.30 17.00 1.g0
17.15 2.55 17.15 1.60
17.30 2.60 17.30 2.00
17.45 2.55 17.45 I.go
18.00 2.20 18.00 1.90
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TABLE 13

Variation of the stomatal aperture after the transference of

the root from water of 20°C into that of 30°C.

%r::.i:syf?er:rfl?er Stomatal aperture 6tm(.ir?syf::r:xt;tcir Stomatal aperture
(Time) (Time)

10.00 0.0308 10.00 0.0370
10.30 0.0313 10.30 0.0367
11.060 0.0313 11.00 0.0357
11.30 0.0323 11.30 0.0357
12.00 0.0317 12.00 0.0364
12.30 0.0323 12.30 0.0370

3.00 0.0317 13.00 0.0367

3.30 0.0317 13.30 0.0357
14.00 0.0323 14.00 0.0357
Mean value | 0.0317 . I4.30 0.0357
In water at 30°C. 15.00 0.0351
14.30 0.0313 15.30 0.0351
15.00 0.0315 16.00 0.0351
15.30 0.0323 Mean value coxo
16.00 0.0323 In water at 20°C. T
16.30 0.0303 16.30 0.0379
17.00 0.0305 17.00 0.0400
17.30 0.0317 17.30 0.0351
18.00 0.0328 18.00 0.0370
18.30 0.0317 18.30 0.0357
19.00 0.0317 19.00 0.0357
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Figure 7

5 days after 6 days after
26 .
transference transference c 0060
Lo.0ss
g 2
.9 Looss =
- ... -
[oW ® =
8 Lo.osa &
2] Y
QO foosz
e K&}
I 10.030
o (o]
—— E:
« 0028 O
B Jo
Looes U?
. 0026 O
bo.022
. 0020 O
15 20
Time
Literature

Bopg, H. R.,—Beitriige zur Dynamik der Wasserbewegung in den Gefisspflanzen. Jahrb. f.
wiss. Bot., 2 (1923), 92-127.

BooNsTRA, A.E.H.R.,—Die Bedeutung des Wurzeldrucks fiir erhshte Transpiration der Erbsen
bei hoherer Wurzeltemperatur.  Planta, 24 (1935), 59-65.

DARwIN, FR.,—On the relation between transpiration and stomatal aperture. Phil. Trans.
Roy. Soc. London, 207B (1916}, 413-437.

Hevy, J. G.,—Der Einfluss von Aussenfaktoren auf das Bluten der Pflanzen. Planta, 20
(1933), 294-353.

ILjN, W. S.,—Ueber den Einfluss des Welkens der Pflanzen auf die Regulierung der Spaltsfi
nungen.  Jahrb. f. wiss. Bot.,, 81 (1922), 670-697.

»—Ukber 6tfnen der Stomata bei starkem Welken der Pflanzen. ~ Jahrb. f. wiss.

Bot., 7'7 (1933), 220-251.

Kosarorr, P.,—Einfluss verschiedener fusserer Faktoren auf die Wasserbewegung in der Pflanze.
Diss. Leipzig. 1897.

KniGgat, R, C.,—On the use of the porometer in stomatal investigation. Ann. Bot., 30
(1916), 57-76.
.~—The interrelations of stomatal aperture, leaf water-content, and transpiration
rate.  Ann. Bot.,, 3] (1917), 221-240.

Lamraw, C. G, P., and KNGHT, R. C,—A description of a recording porometer and a note
on stomatal behaviour durng wilting. Ann. Bot., 30 (1916), 47-56.



296 TAKASHI TAGAWA

LOFTFIELD, J. V.—The behaviour of stomata, . Carnegie Inst. Washington Pub., 314 (1921),
1-104.

VAN RysSELBERGHE, F.,—Influence de la témperature sur la perméabilité du protoplasme vivant
pour 'eau et les substances dissoutes.  Rec. Inst. Bot. de Bruxelles., § (1901),
209~249.

Sacus, J.,—Beitriige zur Lehre von der Transpiration der Gewichse. Bot. Zeit, 18 (1860),

121-126.

StiLES, W., and JPRGENSEN, L,—Studies in permeability. Ann. Bot, 31 (1917), 415-434.

Tacawa, T.,—The relation between the absorption of water by plant root and the concen-
tration and nature of the surrounding solution. Jap. Journ. Bot., '7 (1934), 33-60.

.,~—The influence of atmospheric humidity upon the suction force of the plant
shoot, with special reference to the stomatal aperture. Jap, Journ. Bot., 8 (1936),
85-94.

4—The influence of light on the stomatal opening.  Jap. Journ. Bot., 8 (1936),
95-112.

THREN, R.,—Jahreszeitliche Schwankungen des osmotischen Wertes verschiedener ékologischer
Typen in der Umgebung von Heidelberg.  Zeitschr. f. Bot, 26 (1933), 449~
526.

TRELEASE, S.F., and L1vINGSTON, B. E.,,—The daily march of transpiring power as indicated
by porometer and by standardized hygrometric paper.  Journ. Ecol., 4 (1916),
1-14.

WEBER, FRr.,—Stomata-iffnen welkender Blitter.  Ber. d. Dtsch. bot. Ges. 45 (1927), 408-
412.



