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VARIATION OF THE TRANSPIRING POWLER OF LEAVES
AS RELATED TO THI WILTING OFF PLANTS®

Riichiro KokETsu

I. INTRODUCTION

Since Livinastox {15) made it possible, to find out the index of
the transpiring power of the leaf surfice by measuring the relative
transpirational water loss from leaf surface as compared with the water
loss from seme standared evaporating surface, our knowledge of the
transpirational  phenomenon of the leal has made a great advanee,
especially in regard to ils variation as infiuenced by the internal amd
external conditions of plants.  On the other hand, our knowledge
concerning the behavior of wilting plants and its relation to the cn-
vitonment has heen recently enlarged by a great number of studies.
As a matter of course the variation of the foliar transpiring power of
wilting plants, which is dealt with in this paper, has already heen
studied by some investigators.  Among others, BARKE's works (2, 3)
are valuable contribulions.  When he studied in fleliantiins  anmus the
variation of the foliar transpiring power as related to the wilting, he
was able to discover a critical state of wilting, where this power shows
very little fluctuation.  Tle saw also a remarkable phenomenon in the
uprooted specimens, namely that the transpiring power of leaves, which

decreases with the progress of wilting, increases again somewhat at a
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point, where the plant is probably fallen into the critical state of wilt-
ing.  This critical state of wilting he ascertained to be approximately
the same as the point of so-called permanent wilting (35, 6, 7, 9, 20).

Thus the studies on the variation of the transpiring power of leaves
relating to the wilting of plants have become very interesting, especially
as we hope further to  discover what relation exists between  this
phenomenon of plants and the nature of soils.  The present paper is
to deal with this phase of the question and is based on the results of
work, which was done during 1919-1920 in the Plant Physiological
Taboratory of Johns Hopking University.  The writer desires here to
express lus gratitude to the director of the laboratory, Professor B. K.
Livinagrox, for his kindness in pernuitting the writer to use the fcilities
and equipment of the laboratory so freely, and for the many helpful
suggestions given thruout the progress of this worl.

Il. MATERIAL AND METHOD

The plants used in this work were Cofens (C. dlnmer), wheat (Lii-
ticurt vulgare), and soy-bean (Glycine Seja).  The Colews plants were
transplanted  from the culture pots, where they had been raised from
cultings, to unglased pots, 9 cm. in diameter, which contained the
varions kinds of soil used.  Afier they had become well rooted, they
were used for experimentation. The wheat and soy-bean plants were
grown [rom secds in similar experimental pots.

Three kinds of seil were used : sand, loam and humus; and nine
mixtures were made by using two soils in each mixture, in the volu-
metric proportions of 1:3, 2:2 and 3:1.  Thus including the three
constituent soils, there were twelve kinds of soil for the experiments.

The water holding capacity of each soil was then determined, the
method of Hizcakn (11) being used, by means of a pan 1 cm. high
and of 100 c.c. capacity. Two parallel determinations were made on
cach kind of scil, and the resnltant average value was adopted.  Deter-
mined in this way the waler holding capicily was given in percentages
on the basis of the oven-dry volume, as well as on the basis of the
oven diy weight (Tab. 1).  The soils and the plants planted therein
were numbered according to the value of the water holding capacity
on the former basis.

All plants were cultivated in the green house, and watered cvery
morning, the pots containing the plants being placed in wooden boxes
filled with wet sand. When it was desired that the plants should wilt
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for the experiment, they were transfered into another box flled with
dry sand, the greater part of cach pot being buried in sand for the
purpose of protecting the plants from too rapid progress of wilting.
The plants were also protected from  ditect sunlight for the same
reason.

Tab 1. Water holding capacity of the soil and its moisture residuc at the eritical point

of wilting of plants rooled therein

Water hold, eapacity Soil nwisture residoc

Bl (','nn‘atin]til__nn VAlHHEEE  Cmvidididin ‘Vulllmcfric (_ira\'Inltl'ric
number of soils Cofeary Wheat  Cosewes Wheat
1 S 40.7 28,4 i) 1.0 1.4 O

@ Syl 43.0 32.8 2, 2.5 Py 1.7
3 Sa-ly2 45.5 70 6.1 5.0 4.0 37
4 Si-Lg 507 43.6 By 6.z s 4.

5 Syl 55.7 439 108 7.6 5.0 -
& 1. 551 (TR 13.1 0.3 0.4 74
it IR NG 67.5 7.3 15,5 10,7 15.6 15.5
5 Szl 711 4.4 22,4 7.5 14,0 I3y

) L 10z 749.5 [SaRS 26,7 il 282 24,7
10 bl S 81,4 910 0. 2057 AT 28,0
I T 103 86,5 114.0 a8 320 40,1 30.7
1z IT 03,1 140.5 45.8 q6.2 707 58,1

S-Sand, L. Loam, 11 [lumus.

Piants thus treated usually wilted rather slowly. I it was  neces-
sary, however, to hasten the wilting process of the plants, the larger
part of the swiace of the pots was left uncovered and exposcd to the
air.  If some retardation of the wilting process seemed ta be necessary,
the plants were swrounded with a tall paper cylinder. By such
methods, the writer was able to have plants wilted fo an approximately
equal degree for testing, at a definite hour each day.  No means of
preventing the cvaporation of moisture from the surfice of the pots and
soils were tried in these experiments.

For the determination of the foliar transpiring power, LIviNesToN's
method of studying the relative transpiring power of leaves by means
of standardized hygrometric paper (13, 1) was adopted; but the ine
proved method of LivixastoN and Stukzivn {(16) was generally employed.
The time-period required for the color change of hygrometiie papers
not unly upon the leaf surfaice but also upon the standared cvaporating
sutface at any given temperature was reduced as a rule to the theore-
tically required time at 20°C. 1In this case the table given in the page
305 of Livivcsion and Snreve's paper (10) was used for the cal-
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culation of the time required.  The reduced time-period fir ecach
hygrometric paper slip both upon the standard evaporating surface 77
and apon the leal surface ¢ being thus calculated, the index of the
relative transpiring power for cach leaf test npen a given leaf was easily
to be found from the ratio 7/2

In order to study the hehavior of wilting plant, it is first necessary
to kunow that of healthy plants.  Thercfore the writer examined the
trapspiring power of leaves in healthy state for each material used, and
_____ wing the willing process.

The wvariation of the foliar transpiring power of plants during the
process of wilting was considered from the two points of view, namely
the variation of the transpiring power itsclf, and the variation of the
amplitude  of  the daily {luctuzation or  the * day-night ratic™ of ihis
power.  Dut in the Large parts of the experiments, the bebavior of the
plants at or near the time of permanent wilting was given primary
constderation.

The permanent wilting of the plants was determined by applying
the Briaas and Suavrz's method modificd by SHiviE and  Livinasron
(20).  Many preliminary experiments were undertaken Lo become familiar
with the critical state of wilting in the plants.  Thus the writer was
able to judge the lime of permanent wilting for each plant with few
mistakes. When a plant tested at a snpposedly critical degree of wilt-
ing recovered ity turghdity in the moist chamber for test, Tucther fests
were performed.

The water content of the scils at the point of permanent wilting
of the plant rooted therein was also  determined for the purpose of
judging the water relation between the soil and plant at the critical

point.
LI EXPERIMENTS

i. Cofeus, rooted

The Cofens plants user] in this experiment were a type of Men-
delian hybrid, which had pale yellow leaves.  Fach plant had 6 or 7
pairs of leaves.  Twelve plants were used for experiment, cach of which
was cultivated in a different soil.  As is known, the foliar transpiring
power of plants usunally shows a considerable fiuctuation «uring the
day.  As to the Corens plants il was ascertained by the writer (13),
that the varfation of transpiration on the healthy leaves s cansed

principally by the functicn of stomata and the age of leaves.  In this
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cemnection the leaf tests were done only upon the leaves, which were
completely  or nearly completely  developed, their nnder swrface, on
which many stomata are situated, aione being tested.

After the preliminary work the highest vadue of the (oliar trans-
piring power of Cofeas plants, which was determined on the under
stiface of leaves, was found at afternoon and the lowest at the night.
Therefore the leaf tests were tried two times a day, namely first during
the period 15:30-10:30 and secoml during 22-23, for the purpose to
know the amplitude of variation of the transpiring power.

Three leaves arranged in succession in different nodes were tested
im cach plant, one test being made on cach leaf at each period.  The
plants were watered abundantly on the morning of the day they were
tested. The average vaine of the indices of the foliar transpiving power
found by three tests at ecach test period amd the ratios between them
were caleulated (Tab. 230 This ratio or ** day-night ratio " is nothing
else than the value, which indicates the degree of the fluctuation of the
transpiring power.

Thus o relatively high value of transpiring power in the day-time
wits fuuned i the plants cultivated in the soils with lower water holding
capwity, while the value found in the plants planted in the sofls with
bigher water Tolding power was much fower,  On the other hanel, the
transpiving power at night proved to be less variable in the different
plants.  Another point of interest was that the  day-night ratio 7 for
the plants of the former group was higher than the unity as the nmtter
of course, but the ratio for the latter was usually less than the unity.
We may say, therefore, that the Cofens plants supplicd with too muach
water in the soil with high water holding  capacity, have less trans-
pirational activity at day-time and show an unusual character in fluc-
tuation.  As a causal factor for this phenomenon we may perhaps
point out the lesser aeration in the soil.

Consideration must next be given to the behavior of the plants on
the Jay before the day of permanent wilting.  In this case two leaves
in cach plant were tested.  The leaf tests were performed in the day
preceding the one, on which the tested plants were supposed to become
permanently wilted.  1f a plant did not come to the state of permanent
wilting on the next day, the leafl tests were conlinued on successive
days, until the critical day arrived.

On the next day, on which the plants fell into the state of per-
manent wilting, the leaf tests for the day-time were made, and then
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a sample of soil (about 3 cc) was taken from each pot by means of
corkborer, for the g t of the soil.
A glass tube, which was just large enough to fit the hole left by the
withdrawal of the sample, was placed in the hole to prevent the drying
of the soil.  Then the plants were put into a moist chamber for 24
hours, Al the plants did not recover their turgidity as was cxpected.

From the indices found on two successive days, namely on the
critical day and the day previous, the writer could =ec the facts, that
the value itsclf of the indices for the wilted plants came generally
much lower than that of the toergid plants, and that it decreased pro-
aressively  until it reached its minimal value at the eritical state of

wilting.  The daily fluctuation of the transpiring power became less

UGS O dctcrmlmng the water conten

in the wilting plnts, the * day-night ratio”” coming near to  unity
(Lab. 2)

(m the other hand, it was remarkable, that the minimal valoe
found in cach plant at the critical state of wilting came very similar to
cevery other. The wvarfaton of these eritical values was name :

0.0140 to 0.0291, average value being 0.0197.
2. (Colewns, rooted

In this serics of experiment a varicly of Cocess plants, which has
pale yellow Teaves with a purple colored central portion, was employed.
In this case eleven plints were used, cach of which was cultivated in
a different soil, excepting the loim 2 = humus 2 mixture, in which the
plant died.

Ixperiments were done in each plant at three different states of
wilting, 1e. when slightly wilted, at the state of permanent wilting, and
when completely wilted  The tests of the third state of wilting were
made on the day following the one, during which the plants were
enclosed in the mwoist chamber for determining the permanent wilting.
l'or cach plant- theee leaves arranged in successive nodes of the stem
were tested on their under surfuce only, twice a day 13:30-16:30 und

I3

Constdering first the “ day-night ratio” of the indices, it was scen,
that the ratios found on the day on which permanent wilting occurred
and on the day following were in most cases very near to unily.
IHenee we may say that the fuctnation of the foliar transpiring power
of this plant at or near the state of permanent wilting is less variable
than that of the healthy or slightly wilted plants (Tab. 3).



Tab. 2. Indices of the foliar transpiring power of healthy and wilted Colews plants

gl"ll::‘z{f;tig Indices for healthy plants at Il?cdf'lcf: 1fi:;vfi§1;'m:f 1;;-311-::311‘3:;“1 lm};f-e;mi::nﬁl;‘::: ﬁ\\':illlti::; :}a}l ﬁ;ﬁ:ﬁgl 1;1? i?:;‘:r:t?c:;'
soils wilting at indices
ia;‘: o Rativ ;g-j: 2333 Ratio ;gf; Faian Ratie
L1374 3633 2.08 23582 0291 121 0329 (:0336) 008 0201 1.48
2 1340 0635 A 0274 L0255 109 0176 (:9330) 0.57 0170 0,89
i 2243 X145 557 0314 L0241 F R 0179 (2200) 0.00 0174 0.91
4 1330 0630 .8y 0227 0169 By 0213 (L0556} 1.5 0169 0.86
5 A561 o502 2.20 0300 0204 1.02 0156 {0223) 0.70 0156 .79
6 1470 2593 £53 D257 »0243 1,09 0346 (.0423) o8z 0243 19023
" D300 DulLh 002 0280 .0263 .09 .00y * (2b0) 0.5 0263 1.3%
8 g -5 e 25534 rr D154% 0231 oS0 L0216 (.0192) .03 0216 1.50
g 2435 2016 0.07 D1a1F 0243 022 .0140 (2129 7.0 0140 0.71
10 0857 0024 0.900 e ) &g 0261 0.46 0172 (.o131) r.3r o1}z 0.57
II 0354 0345 .00 0232 0242 1.05 0157 (.0321) 0.49 0157 0.50
12 BaX 25 B3I oSy D257 .0273 o5 0159 (0150) 1,00 0194 L.OI
Average L4z 0730 52 0247 0251 oG 010 (2253) 079 0197 —

The indices at the test period 22-23 of the day of permanent wilting do not come into consideration, because the test material
at Lhis time was injured by the withdrawal of the soil sample for the determination of the water reswlue in the soil.

*Questionable values: In the case, where the indices indicated by an asterisk in the fable were obtained, the air lempera-
ture of the green house was wuseally high. The temperature in the green- house duving the course of the experiment ranged
from 11°¢C to 220C, but in this case the air temperature was 27-295C.  All the day.-time indices found in this case were un-
expectedly very Tow. Therefore those indices are left as doubtful results, beeauss the writer uestions whether the procedure used
for caleulating the valoe of indices may be applicd without correction in a case, where the extremely wilted leaves were tested
in such high air temperature.

¥z
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As regards the variation of the indices themselves, the fact was here
again to be seen, that the values in question become generally smallest
at or near thce point of permancnt wilting.  We may say, therefore,
that the indices become progressively smaller as wilting proceeds, and
after their value reached the critical point, vnce more higher though
but slightly.

The eritical index found in each plant came again very similar to
the average, as was the case in the precceding experiment.

3. Wheat, rooted

Wheat plants 5-7 weeks old were used in this experirﬁcnt series.
In this case four stages of plants were studied, namely the stage of
healthy  state, slightly wilted, of permanent wilting and over-wilted.
After the leaf tests were performed on the day of permanent wilting,
the water residuc in the soii, in which each plant was rooted, was
determined by the same procedure as in the case of the experiment
scries 1. Then the plants were enclosed in a moist chamber for 24
hours for the test of permanent wilting.  On the next day, the leaf
tests were again tried for the plants, which were now in the state of
over-wilting,

Twelve plants cultivated in different scils were tested in the state
of permanent wilting, but in the other three states only 6 plants,
which were grown in the sand, loam, humus and mixtures composed
of equal parts of cach of two of these soils.

There were three plants in each pot, but only one of them was
tested and on its two moaost highly developed leaves. The leaf tests
were made on their upper surface only, because it had been shown by
a preliminary experiment, that the daily fluctuation of the foliar tran-
spiring power of wheat is much higher on the upper surface of the
leaves than on the lower (Tab. 4).

Tab. ¢  Iaily fluctvation of the [olar transpiring power of wheat i the healthy state

Values, when the minimal

served valoes 5
Gbeireed vali faken as the unity

Test periods : 16-11 13-14 16-17 23-23 10-11 13-14 16-17 22-23
Indices for

upper surface: 1,167 2922 1.217 0,760 151 3.71 1.54 1.00
Indices for

lower surface: ©.536 1070 0,557 2.546 1,00 1.99 104 1II

Average: 0.563 Lyut 0087 0,6u2 1.2 2,88 1.28 1.00
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According to this preliminary research the highest value of indices
was found at the period 13-14 and the lowest at 22-23. Therefore
these two periods were adopted as the test time for the subsequent
experiments.

The wheat plants grew wvery well, when they were cultivated in
humus, sand-humus and loam-humus mixtures, while those in sand,
loam and sand-loam mixtures showed less growth. Whether this fact

hvreioa
Pt

is due tan n
e 0 payeslca

prepertiss of the wpil 8 an Guselved
gquestion  But there was no noticeable difference in the transpirationa
action on all tested plants, when the socils were abundantly watered.
Namely in the healthy state all of six plants showed high value of
index and also wide amplitude of its fluctuation; only the plant grown
in loam showing somewhat lower value (Tab. 5.).

The transpiring power became, however, progressively lower, as
the plants fell into the state of wilting and showed a tendency to
increase somewhat, after it had reached its minimal value at the time of
permanent wilting. The indices found on the day of over-wilting were
generally much Jower than that of the day of permanent wilting as a
matter of course, because the leaves tested in this state were alrcady
in drying phase,

Taking this minimal value as the index of the critical state of
wilting, it was seen, that ali plants tested had very similar transpiring
power at this point, the index varying from 00100 te 0 01935 and average
value being oofi3o (Tab. 5).  As regards the * day night ratio” it
became much smaller in the wilting plants than in the heilty., But it
came generally under unity on the phase of permanent wilting or over-
wilted, since the night-index became higher than the day-index.

4. Soy-bean, rooted

A variety of soy bean named * Wilson "' was used for this experi-
ment series  The tested plants were about seven weeks ald. The soy
bean did not seem to be well adapted to the loam and loam-mixtures,
because the growth of plants in such soils were highly retarded.
Therefore five plants only were tested, namely those cultivated in sand,
humus and in three mixtures made from them. The leaves of the soy
bean have their stomata in greater number on the under surface.
Somc preliminary tests showed, that the transpiring power was much
higher on that surface. Ilence the leaf tests were done on the lower
surface only, each test being made on the middle and one side leaflet
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of a compound leaf in full development, on cach plant. The average
value of the indices of these two tests came into consideration.

Watering the plants well in the moraing, the writer tried the leaf
tests at four perinds in the day in the usual manner. The foliar
transpiring power itself and the manner of its daily {luctuation were
similar in all tested plants. The maximal index was found in all cases
in the period 10-11. The average values of indices for all plants
obtained in the four test periods 10-11, 13-1I4, 16-17 and 22-23
were 0.1749, 0.1452, 00876 and 0.0849 respectively.

After the healthy plants well watered were tested, the pots with
the plants were replaced in a box filled with dry sand, the greater
part of the pots becing bured in the sand.  Thereafter the pots were
never touched, and no more water was given to cither plants or soils.
Tetting the plants wilt gradually in this manner, the writer tried
the lcaf tests once a day «during the period 10:30-11:30 on successive
days, until it became iImpossible to continue the tests, because of the

rrrreralias
I 1

Arsrioey el
Gy g aida oru

Q
)
By
2.2
p

The foliar transpiring power of all tested plants became, as the
results of this experiment showed, gradually smaller in the wilting
phase of plants, and reacbed its minimal wvalue on the sixth day,
showing a tendency to become a little higher again, before the lcaves
went into the drying phase. The minimal {ndices found in all plants
had almost cqual value, which iluctuated from 0.0191 to 00206, with
the average value of 00196 {Tab. 6). Those minimal values might be
the critical ones at the time of permanent wilting.

Fab. 6. Variation of the indices of the foliar transpiring power of soy hean during

the process of wilting

Number of - - -
plauts and soils 2 i 8 re ATETase
March 3 1540 2148 1513 1692 1850 1749
w4 1952 2890 2600 .2420 3070 .2646
o 5. 1154 2000 L1950 1040 2120 1970
. B J023 L0557 D511 0485 930 0701
TH 0g26 0024 W51 0482 o782 .o7ch
—_ L0312 L0236 0227 0253 Mol 0271
s 9 L0191 0194 D206 0191 0200 0196
s 0, dryup 0284 dry up 0225 0327 0279
g bl — dry up —_ dry up dry up —_
Rl oy e e ow  de -

It may be remarked here as a fact of interest, that the indices of
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the foliar transpiving power found in the plants well watered were much
lower in all cases, than those found on the next day.  And this fact
was more marked in the plants planted in the soils with high  water
holding  capacity.  This fact means perhaps that teo much water or
insufficient acration in the seil acts on the trangpiring power of soy

bean as a depressive factor,
5. Cofews, wheat and soy bean, uprooted

In this serics of experiment was studied the variation of the foliar
transpiring  power of uprooted plants.  Two  Colews plants (the same
variety as used in the experiment series z), two wheat plants and one
soy bean plant were employed as the test material.

The Coleas plants were cultivated in pots filled with common
garden soil.  After the first leaf tests were made al g:30, the plants
were uprooted at ten o'clock, care being taken to aveid injuring the
100t systen as much as possible, amd they were allowed to wilt in the
air of the gr-ccn house.  The second tests were made at 10:30, and
at one heur intervals thereafter.  The indices were obtained in this case
from the test results on the Jower side of two mniddle aged leaves.

The experiments in wheat and soy bean followed the same pro-

cedure.  The wheat plaats were planted in sand {plant @) and in
humus (plant b); they were about four weeks old.  The leaf tests
were made on the upper surface of two  lcaves. The soy bean

plant, about six weeks old, was cultivated in sand The leaf tests were
performed  on the under surface of the two leallets of a compound
leaf.

The results of these experiments are brought together in table 7.
In all cases studied, the character of the variation of the foliar trans-
piring power was similar to that found in the experiment series 4.
The critical index in question was found in the Cedews plants at 14:30,
in the wheat plants at 12:30 and in the soy bean plant at 13:30;
its value heing 0.01g1, 0.02206 and co2r11, respectively. It is worth
while to point out that the values found in these uprooted plants werce
very near to those obtained in the potted plants.  The average valucs
of the latter were, namely, o.cro7 for a vaviety of Colews, o.0224 for
another variety of Colews, o130 for the wheat plant and o.0106 for
the soy bean plant, as scen in the tables 2, 3, 5 and 6

It is remarkable, that the critical value in question in these different

cases is approximately the samce for any kind of plants and we may
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consider that this critical point must have an important meamng in the
physiology of wilted plants.  Another suggestive fact is that the values
found in Jdifferent kinds of plants are also very similar to cach other.
The variations of the foliar transpiring  power were also similar in the

three species.

Tab. 7. Variation of the imlices of the [bliar transpiring power of up-rooted plants

Hour of Cofeues Wheat oy bean
test o b Average a ) Average a
9:30 1635 (13600 1483 .3710 .36c0 L3660 2066
10:30 083y J215 1051 0534 0369 D352 L0634
11:30 0788 o803 [0841 0278 .02G0 L0289 L0374
12:30 0298 0437 L0368 0201 L0250 0226 0236
13:30 0285 L0231 .C268 0215 0274 0245 0211
14: 30 0157 0154 0191 .0253 L0316 0085 0210
15:30 021y 0218 021y 349 047G 0413 0269
16H: 30 0237 0263 L0250 0411} L0477 0448 L0100
17150 0173 L0234 0z02 ©4359 L0555 L0507 dry up

G, Iyetermination of the water residue in the soil at the
critical point of wilting of Cvfrus and wheat

The water residue in the soil at the time of permanent wilting of
the plant and its relation to the soil have been studied hitherto by
many investigators (g, 6, 7, g, 17, 20). Some believed that the water
content at this time is constant in a given scil, while others said  that
the moisture residue in question varies according to the kind of plant
userl as an indicator (7). On the other hand, it was pointed out by
other writers {8, zo), that it is alfected by the ;{ﬁ[l(_).ﬁphcric cvaporating
power, regardless of the plant used as an indicator.

The wriler's cxperfments were performed in the afr conditions of
the green hoeuse, and no special considetation was given 1o the atmos-
pheric factors.  The soil moisture was  determined by the manner
described by Stive and Livixeston (20).  The water content was
caleulated as the percentage on the basis of the volume and weight of
the over-dry soil. Two series o determination were made; one scries
with Celexs plants and the other with wheat, which were the test
matertal for the experiment serics 1 and 3.

The results obtained are shown in table 1. In both series, the
value of the water residue and its ratio to the value of the water
holding capacity in any soil, dse generally as this capacity incrcases.
In other words, the percentage of the available water for Cofeas and
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wheat on the basis of the amount of water held in the soll become
higher as the waler holding capacity of the soil is smaller.

The results of the determination in both series were similar to each
other for a given kind of soil.  However, without exception, the value
found in the wheat series was somewhat smaller than the correspond-
ing value in the Corexs series.  This fuct might have an  important
meaning in proving that the water residuc at the eritical state of willing
of the plant is not of a constunt natuwre for a given soil, but that it
may be affected more or less by the charucter of plants.

IV, GLENLERAL CONCLUSIONS

Upon examination of the dati in the various scries of experiments
deseribed above, some further discussion of the resulls is necessary.
As fur as the daily variation of the foliar transpiring power of o plant
is concerned, its character scems, to a certain oxtent, peculiar to any
particular species of plants, as is usually believed.  Generally speaking,
the highest value of the indices was found for the Cefews plants in the
test period 16-17, for wheat plants in the period 13- 14 and for  the
soy  bean plants in the period 1o-11, while the value found in the
period 22-23 was minimal in almost all cases (13). ITowever this
progress o the transpiring power may be allected by the external
conditions.  FFor cxample, the daily progress in the Codews plants,
which were caltivated in soil with a high water holding capacity, was
usually very different from the average progress, the night index of
this power being relatively high.  Thercfore the point of the highest
and the lowest value of the indices may not be definite for a kind of
plants, but may be affected by external conditions.

The ratio between the highest and the lowest value of the indices

€

or the “ maxinum-minimum ratio ™ of the transpiring power, which was
suggested by Bakke (3), is nothing else tun an index showing the
degree of daily fluctuation of this process.  Dut the procedure to find out
this ratio every day in cach plant is very troublesome for the reason
abuve-mentioned.  Tfor the sake of convenience, the writer adopted,
therefore, the * day-night ratio ™ of the transpiving power, which means
the ratio of the index at a definite time of the day, on which the
highest value of the day-time indices was most often found, to the
index at the night time 22-23, on which the transpiring power was
generally low, for studying the degree of the dajly Muctuation of the
transpiring power.
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During the progress of willing, this “ day-night ralio” of a plant
gencrally comes progressively nearer to unity. Jutb on or after the

day of permanent wilting, it tends inomany cases to beconme less than
unity, beciuse the night index becomes somewhat bigher than the day
index.  In this conncction we may say that the willing process of the
plasts goes hand in hand with the diminution of the fluctuation of the
foliar transpiring power, unlil the * day night ratin” becomwes unity for

a while at the time of willine

On ihe other hand, the indices of the trampiving power itself
become lower and lower during the progress of wilting, At the time
of permanent wilting the value of the indices reaches its minimun,
from this point it again rises a little, and at Tast the leaf goes into the
phase of drying up.

The mimimal value of the mdices in question found al the critical
state of wilting was varded little for a given plant species. Tt scems,
therefore, that this critical index is approximately  constant for any
given kind of plants. Whether this critical value {s affected by exter-
mal factors or not, however, remains o guestion, but examining the
results of our esperiments i detail, it is highly probable, that this
may be affected by the soil cowditions, even i slightly.  Jowever our
data are for the present insullicient for solution of this fundamental
question

The critical values found in the three different kinds of plants are
alse similar to cach other, the average value obtained in two different
varietics of  Colews, wheat and soy bean heing 00224, 00197, 0.0130
and ©otohH respectively,  That s to say, the three plants have a

Ty inal state oF
i Toatl Sracse Ui

power at L

On the other hand, comparing the values obtained in the Codews-
aml wheat-experiment series, which were perfurmed in the same manner,
we see that the values in the wheat series are generally Lower than
thosc in the Cofers serics. This fact nay have some meaning  when
considered by dtsell  Although the value in question found in thesc
threc mesophytic plints was nol noliceably  different from each other,
vet it may probubly be, that it wonld he affected  considerably by the
nature of the plants, when they are widely different in their manner
of living.

The uprooted plants show a similar variation of the transpiring
power and o similar value of the critical index, to that found m the
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wilting process of rooted plants. This fact shows, no doubt, that a
leaf in the process of wilting pasces through the sune physiological
processes, regardless of whether it 1s attached to a plant rooted in the

soil or not.

We have to consider next the nature of the critical peint in ques-
tion.  When Bakkn (2) observed a similar point in the uprooted
spectmen of Aelianthns, be thought that this point of willing  was
nothing  else than the point of permanent wilting, and the secondary
rise of the transpiving power alter that paint was dee to the decrease
in the waler retaining property of the leaf tissue, which is caused by
the breaking of the water colummns in the vessels.  Of course, {his
thought has for its hasis the cohesion hypothesis of water meovement

in the plant body (18, 19, 4).

On the other hand, Carowrnt (0) considered the permancent wilt-
ing to be a condition of general plismolysis (but nat of death) in all
the tissues of the plant accompanying the cessation of certain proto-
plasmic activities.  [ut this question must remain unsolved  for this
study.  Whether the temporary opening of the stomata in the lcaves
during the process of wilting, which was described by some  writers
(10, 14}, is related to our problem or not must similarly remain an

open question.

We may, however, say with certainty thal a plant in the progress
of wilting renches a point, where Ity resistance against the filtration of
water  vapor becomes  highest, and then decreases again for some
reason.  This paint of the maximal resistance, or the minimal trans-
piring power, must be the critical point  itsell, with which we are
concerned.  Consequently, the study of this point will possibly throw
light upon the problem of the comparative xerophytism of plants, its
value being applied as a measure of that chracteristic.

| - rovas 4
HE B & 1 s |

w day-night mtio 7 of the transpiving powe
plant approaches unity at or near the time of pennanent wilting, might
go to show the weaker regulative action of the physiological process.
Bakke (3) paid much attention 1o this cquilibrium phase and suggested
that the duration of this phase gives o measure of the comparalive
deought resistance of different plants. The writer, however, supposes
that this duration may be more affected by the external condition than
is our critical value index itselfl  The latter scems, therefore, to be

more escential for such a purpose
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Another poin
was usually found on the day of permanent wilting according  to
Bria

this critical state can scarcely recover its turgidity without the addition

and Snanrz's procedure.  This fact indicates that a plant in

of wiaier to the soil.  In this connection, this point for any plant may
be the standard indicator [or the determination of the critical moisture
vesidue of the soil, i which this plant is rocted, although wse of this
for such a purpose is practically too troublesome (12).

Thus our results of determination of the soil moisture residue at
the time of permanent wilting of Cofens and wheat must be related to
the critical state as is here considered.  The fact that the water residue
of the soil found in the determination for the wheat series was, as a
rule, somewhat smaller than that in the case of Cvlens, must mean
that different kinds of plants have uncqual water absorbing power at
the critical point of wilting.  This may also be a measure of the
xerophytism of plants.

ere we may call attention to a interesting parallelism between the
critical transpiring power of the plant and the eritical water residue
in the soil, which was found both in Cefrus plants and in wheat,
Both critical values found in the wheat series were generally smaller
than those found in the €ofens serics.  These two kinds of crilical
vilue must, therelore, be in intimate relation, and azccording to those
twvo measures of xerophytism, wheat plants might be said to be more
xereophytic than Cofens plants.

V. SUMMARY

1. The wvariation of the foliar transpiring power of plants  was
studied by micans of standardized  hygromeiric paper in Codens, wheat
and sov hean plants,

2. The ratio of the index of the foliar transpiring power at a
difinife time of the day, at which the highest value of day-time indices
is most often found, to the index at night, when the transpiring power

= 13 ys_asanalags pasteet  TPlate senefan  sgwmes %5 @

Fhi  sumara e T Yoo sms paes e The o Yo paone S SHY b IO SR, |
I GCHUTA Y oW, vl Thailcod Ll V- T TIIL Tl LI LLllIe) Aveas shell
for judging the degree of the daily fluctuation of the transpiving power
ging & 3 g

of plants.

3 This “ day night ratio” of the plant approaches in the wilting
process nearer and nearver to unity, as wilting progresses, that is, there
an equilibrinm phase, in which the foliar transpiring power shows little

variation is attained. But after that time it tends in many cases to
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become less than unity, because the night index becomes higher than
the day index.

4. During the process of wilting, the index of the transpiring
power itself decreases progessively, until it reaches its minimal value at
the critical point of wilting, corresponding to the time of permanent
wilting.  After that thue, it beping again to rise more or less, and
then the plant falls into  the drying phase of low  transpiration or
evaporation.  The same pheaomenon can be seen in the uprooted
plants.

5. The value of the critical index in question seems to Le practi-
cally constant for a given plant species, regardless of plants yooted or
uprocted.  However, it may be probably more or less affected by the
external factors, for instance by the nature of the soil

6, The critical indices found in the three mesophytic plant species
used appearcd to be approximately alike.  But, although the dilference
between them was rather slight, it was suggested that the eritical
index in guestion s characteristic for each kind of plants.

7. The =il moisture residue at the time of critical state of wilting
seems not to be constant for a given soil, but affected more or less
by the nature of plants.

8. The index of the foliar transpiring power of a plant and the
soil moistare residue at the time of the critical state of willing may be
appliedd as the measure of the comparative xerophytism of plants, in

both the lower value showing the greater drought resistance.
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