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VARIATION OF THE WATER CONTENT OF LLEAVES
AS RELATED TO THE WILTING OF PLANTS!

Riichiro KokErsu

1. INFRODUCTION

As it has been pointed out by several authors (14, 16, 17, 7, 19},
the water content of the leaves of plants is not always constant, but shows
a variation during the day, as is the case in regard to the foliar transpir-
ing power (11). Amoeng them, LivingstoN and Brown (14) paid much
attention to the diurnal change of foliar water content, as a factor
regulating the trunspiring power of leaves.  When the rate of water supply
dues not cover the water loss from the tissue of leaves, the tissue
should become less moist and dry out more or less.  The first step
of this internal drying of the tissue, which may be attained temporarily
in a leaf at the time of maximum evaporation of a day, has been termed
incipient drying by these authors. If such a drying process in a leaf
tissue continues, the water content and correspondently the turgor
pressure of the tissve should decrease.  Iinally all turgidity would be
destreved and a point, at which the wiiting of a leaf &s first externally
to be seen, is now reached; and the more the water content of leaves
decreases, the more the state of wilting proceeds.  Thercfore, any definite
degree of wilting in a tissue would be correspond to a definte water
deficit in the tissue, although experimental determination of such a definite

1 Conirilutions from the Botanical Laboratory, Kyushu Imperial University No. 20
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relation between them might not be an easy task. In literature we
can find few contributions dealing with this problem {5, 2z0). Ameng
others CaLbwrrr (5) discovered, that a plant has a definite amount of
water in the leaves when wilting begins and at the time of so-called
permanent wilting.  But our knowledge of this relation is at present
quite insufficient. The writer worked, therefore, during 1919-1920, when
he was studying on the water relation of wilting plants in the Plant
Physiological Laboratory of the Johns [opkins University Baltimore,
on the problem in question, with some rcasonable results.  But unavoid-
able circumstances compelled him to leave these results unpublished up
to the present. Recently the writer was able to continue the work on
this problem somewhat further in the Botanical Laboratory of Fukuoka
The present paper is based on the results obtained in those two
laboratories.

It is the writer’s pleasant obligation to express his gratitude to
Professor B, E. LiviNgston of the Johns Hopkins University for his help-
ful suggestions in this work and his great kindness in permitting the

writer to use the facilities and cquipment of his laboratory.

I, MATERIAL ANI» METTIOD

The plant materials used in this work were Colews Blumei, Glycine
Sofa and Mimose pudice They were planted in pots. When it was
desired to wilt them, they were placed on a table without further
watering.  For determining the water content of leaves, the common
method of weighing, drying and reu"cighing was employed.  As the
leaves were plucked, they were placed immediately in tarred glass tubes
and tightly stoppered.  After being weighed, the open tubes were placed
in a drying oven of temperature 100-103°C, and the final dry weight
obtained by reweighing the re-stoppered tubes without removing or
handling the [eaves, but after cooling in a desiccator.

For the cultivation of plants, several kinds of soil or their mixtures,
with different water holding capacity were used, the water capacity
having becn determined by the method of 11nGarp (6).  Sand, loam,
humus and mixtures were principally used for the work in Baltimiore
and were numbered according to the value of the water holding capacity,
which was given in percentage on the basis of the oven-dry volume

(Tah. 1).
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Tab. 1. The water holding capacity of soils used in experimients at Baltimore.,
Number [ B L 1 B | B |
of solls Z 3 4. l 5 6. 7 8. 9 10 J IR -
s’ I CAR | - . \
Cuonstito- i ‘
tion of | 8§ |53+ L1|SE4Lif314 038311 L L3S 1Tk + IS+ H3Lu+H3 1
soils | : |
CWater- || - - _[% T i '—g
halding
capacity, 407 430 | 458 | 30.7 537 |57.7] 67.% 7IL.L 705 81.4 86,5 |103.1
i volum-, | ‘
erric % | | ! ;

S=5aud, L=T.ram, [{=Iumus.

For the experiments carried out in our laboratory at Fukuoka other
kittds of soil were used. The water holding capacity of these soils was
however not dircctry determined.  These soils were numbered a, b, ¢
and d, according to the value of the water residue in soils at the criticel
wilting poing of Mimesa pudica cultured in each soll, instead of the water

holding capacity {Tab. 2}.

Tab. 2. “The water centent of soils at the critical point o wilting of dfmese pudica rooted
thercin (soils used al Fukooka),

Number of soils a )} [ v d
. S Mixture of )
By ; Sandy ‘ Ordinary | 7 fTumeous
Kinds of =il e N ) L sand and T
garden-soil : garden-seil s0il
; P Bumous suil
L L |—. _ — i
Critical water content given in 25 ”
; 3,41 .0 0.6 20.33
of oven-dry volume ol seil 349 <95 904 #3

As the index of the water content of leaves, its percentage on the
basis of fiesh weight or dry weight was adopted in many cases in the
literature.  But the fiesh or dry weight of leaves is of a variable nature,
especially In our case, where the plant materials were studied in the
progressive phases of wilting.  The writer preferred, therefore, to use
the amount of water contained in the unit area of leaves as the betler
index for our purpose, although some sampling error, which may be
caused by the difference of the thickness of lcaves, must be expected.
The

percentage content of water based on the fresh and dry weight was also

The area of the leaf was measured by means of a planimeter.

taken into consideration for comparing their applicability. In the parts
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of experiment, which were carried out in the laboratory at Fukuoka,
the so-called powder method for determining the water content (8, 10,
13) was also employed.

1II. EXPERIMENTS
1. Colens—A variegated yellow purple and a purple variety

Four equally grown plants of variegated variety, which were culti-
vated in pots in common garden soil, were well watered in the dJay of
beginning the experiment. One of them was tested for the water content
of its leaves on the day of watering, while the others were allowed to
wilt.  Among them one was studied for the same purpose, when it began
to wilt slightly, another plant, when it reached the day of the so-called
permanent willing in the sense of Bricss and Snanitz (2, 3, 4, 21), and
the Jast one, when it became excessively wilied.  Another series of
experiment was made with the purple variety.

Determinations of the foliar water content of each plant were always
tried at the hours 13:30 and 23:30. Five mature lcaves on one side
of the lcaf pairs were collected for the day-time determination, and the
five opposite leaves were removed for the night-test. The values found
and the ratios betwecn the day and night values are given in the
table 3.

Taking the water content per unit area (I cin) into account, we
see, that the water content of leaves becomes smaller and smaller as
the wilting progresses.  The values of the water content given by the
percentage on the basis of the dry or fresh weight showed neverthless
some points of non-uniformity, though there was, roughly speaking, the
samc tendency in the relation in question. The reason, why such u
lack of uniformity appears, must be due to the circumstance, that the
variations of the dry and fresh weight of plant materials used are wholly
neglected in these cascs. In the case where the foliar water content of
the variegated varicty was given in the percentage on the basis of the
dry weight, the values for the slightly wilted material came much larger
than those for the healthy material.  This must be namely an index
error probably caused by the negligence of the diminution of dry matter
in the wilted material.

As regards the relation between the day and night values of the
water content, there was a different tendency as the plant material used
was different.  As for the variegated variety, the night values were
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3. Water content of the leaves of Cedenrs, cultivated in common garden soil at the four different stages of wilting
healthy {I), slightly wilted {I1), permanently wilted (III} and excessively wilted (IV).

Stages of wilting

Per 1 cm? aren in mg.

2 on dry weight

% on {resh weight

1lay value

(L
Variegated variety

1 10,18%

I 18,34
111 17.41%

v 16,58

Purple variety

I 10,40%

11 18.07
111 17.15%

v 14.87

Night value | Day-night | Ilay value | Night value | Day-night | Day value [ Night value | Day-night
(1 ratio (I/11) (1) ratio (I1I) ) (11) ratio (I/1I)
20,00 Fnerd) 1320 1566 o8y 93.0 94.0 .50
18,78 0.98 1547 1737 0.8y 93.8 94.4 0.99
17.48 1.00 1400 1504 0.94 93.4 03.8 1.00
17.10 0.97 1053 1246 0855 91.3 92.5 o.99

i
19.33 ror 1588 ! 1335 1.9 04.2 93. r.os
18.82 oupd 1350 1220 1.irr g3.1 92,5 107
16.95 101 1133 1051 r.o8 91.0 gL3 ror
14.44 r.037 g16 885 1.04 G0.3 650.0 1.00

#The ratio of the watcer content at the point of permanent wilting to that at the state of full turgidity : 17, 41/19. 18=091,

17. 15/15. 49=0.88.
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larger than that of the day in all stages of wilting, while in the case
with purple variety the relation appeared conversely. The reason, why
such a different relation occured in this case, might be attributed to
the difference of properties on the plants themselves, or to the difference
of the environmental circumstances. To tell the truth, the atmosphetic
condition of the days, during which the experiments with the variegated
variely were carried out, was much dryer than that of the days with
another variety. It was supposed that the water content of leaves might
fall into the lower wvalues at the arid period of the day or at the day-
ticne, as it was suggested by Tavinaston and Browx (14).  This was
at least one of the resson, why the day value for the variegated variety
came to light somewhat lower than the night value. In connection
with this relation it was worthy of remark, that the day-night ratio of
the water content became neaver to unity as the wilting proceeded,
until the plant fell into the state of permanent wilting. That is to say,
the degree of diurnal fluctuation of foliar water content reaches its
minimum at this point.  On the contrary the purple variety, which was
experimented on during rather wet davs, showed no such tendency,
namely, that the value of the foliar water content in the day time
should become lower than that of the night value of the same 24 hour

mant scemed therefore sis

period.  This v to lose fts leafl micisture
]

r

decrcasingly during the process of wilting without visible fluctuation.
By comparing the results obtained in both series of experiment, there

is a remarkable fact brought to light, nawely, that the water content

sl e atpinee el P il Y R gt g Didaa o L) % R [t 1Y ST e L T o ST sl sl
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permanent wilting scems to be approximately alike, or probably constant
in each stage, though the values shown in the percentage on the basis
of the dry weight are found to cerrespond less accurately.  This might
be caused by the probable fact, that the content of the dry matter cr its
varfation in thosc two materials does not agree to cach other {Tab 3).
It is suggested therefore by this experiment, that the leaves of Colens
contain a constant amount of water corresponding to any defmite stage
of wilting.

2. Glycine—A variety named Wilson

In this series of experiments soy bean plants seven or cight weeks
old, which were cultivated In five different scils, were used : sand, sand-
loam mixture, loam, sand-humus mixture and humus.  In each pot, there
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were six plants; and cach plant bore one pair of simple leaves and
two or three well grown compound leaves. The water content of the
leaves was determined on the day of full turgidity, at the beginning of
wilting and at the time of permanent wilting, The collection of leaves
fuy each determination was made between the hours 11 and 16, when
the leaves were in the required critical state of wilting; one middle
leaflet and two side leaflets in the first compound leaves being picked
at each time of determination from different plants in each pot.

The results of this experiment are shown in the table 4, where
the observed values for each plant as well as the relative values com-
pared with the average value are given. The values found by the
arca or dry weight method of indication showed, that the foliar water
content of material used decreased remarkably as the plants wilted,
although it was less remarkable in the case of the fresh weight method.
The latter result is of course not so reliable to the material, because
the method of indication used is not fitted.

According to the results found by the urea method, which must
be the most reasonable method for our purpose in this case, the foliar
water content seems to become larger, as the water holding capacity
of the soil used grows larger.  This is noticeable in the leaves in any
stage of wilting, but most clearly in those at the time of permanent
wilting.  This fact is not so clearly indicated by the values found by
the fresh or dry weight method, which must involve in themselves
methodical error in this case {sec 8, 10, 13, 1y). This difference of the
foliar water content, caused by the difference of culture soils indicates
presumably, that the water rctaining power of the cells in the leaf of
plants, which were cultivated in the soil of higher water holding capacity,
may be larger than that of the plants cultivated in the soil of lower
water holding power or in the soil with higher amount of available
water®,

On the other hand the ratio between the foliar water content at
the time of the permanent wilting and at the time of full turgidity
appeared to be the larger, the larger was the water holding capacity
of the culture soils.  This seems to indicate, that the resistance of the
leaf tissues against the water desiccating power becomes higher in the
plants cultivated in the soils with higher water holding capacity.

2 1t spust be kept in mind, thal the plants used in this experiment were all cultivated in
soils watered every day.  Thus the plants, which were cultivated even in the soils of lower

water holding capacity, never suffered from the lack of available waler in the soil.
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Water conlent of the leaves of Giyeine, caltivated in five different soils, at the time of full turgidity (T), at the

ool

beginning of wilting (1) and at the time of permanent wilting (1T},

Per 1 an? arca in mg. at the 2z on dry weight at the 25 on fresh weight at the
Number of stage of stage of stage of
culture soils T
1 IT 111 HI/I 1 11 POTIT 1II/1 1 I 11 III/I
Ohbserved values
1 10.03 .11 565 .56 451 309 262 0,58 81.8 755 n2.4 08y
3 1150 10,22 6.co a5 588 404 300 0,57 855 80,2 78,0 088
6 1114 10,25 6,28 0,56 432 379 285 0,66 81,2 79.1 740 a.gs ”
5 T3.40 | 1243 94c | oz 499 | 40b 416 0.8 83.3 8r.2 8a.7 2.97 §-
i 5
12 14.16 | 1305 | 1054 | o7y 487 1 466 451 03 3.1 82.3 81.8 0.8 °
, &
Average FER CURR & 8 B 757 | 0.61 7 401 393 343 o.70 830 79.7 76.8 oy £
5
Relative values
. i
1 83 82 75 = 92 79 76 = 59 95 94 —
3 97 9z 79 — 120 103 &7 — 103 101 ! o8 —
6 9z g2 83 — 88 g6 83 — 98 99 gb —
a 1541 116 124 — 102 103 122 -— 00 102 rog —
12 1y 117 139 -— 99 119 131 — 10G 103 107 —
Averape 100 100 100 — 100 1co 100 — 100 100 100 —_
I)eviation(;—“—:) 4112 +134 4252 - +86 | +loo | £21.4 s +r2 | 424 | +48 —
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3. Colens—A pale yeﬂow variety

Twelve plants, which belong to one and the same varlety, were
cultivated in twelve different kinds of soil. In these materials the foliar
water content was determined at the stage of permanent wilting only.
The purpose of this experiment was to study the influence of the moisture
condition in the culture soils upon the critical water content of leaves.

At the hour 16:30 on the day of perinanent wilting, three middie
aged leaves were collected for the day-time test, and the three opposite
leaves at the hour 23:30 of the same day for the night-time study.
The day-night ratio of the foliar water content found in each plant was
in almost all cases very near to unity. The ratios between the average
value of the day and the night, which were calculated for the water
content per unit area and for the percentage on the basis of the fresh
we'ght was 1.003 and 1.000 respectively, while the ratio obtained by
the dry weight method was 0.g43. The variation of the values found
at these two test times was, that is to say, but a little for each case,
as it was expected,  Therefore the average results of cach two tests for
cach plant was adopted as the index for the critical water content in
question (Tab. 3). )

The index based on the area method being taken into considera-
tion, it was found, that the amaount of water held in the leaves of each
plant was very ncar to that in every other: the maximum and minimum
valie were namely 17.73 mg. and 14.05 mg. respectively for 1 em® area,
the average value being 135.99 mg.  In other words, the mean deviation
of the relative values for the average, which was calculated after the

cr

formula 425, was only 4.2 9. However, there was a tendency to be
1n

scen, even if very slightly, that the water content of the plants cultivated
in the sofls with higher water holding capacity is somewhat smaller
than that found in other plants.

This relation could be found also in the results obtained by the
fresh weight method.  But according to the results based on the deter-
mination by the dry weight method, the differcnce of the foliar water
content of plants cultivated in different kinds of soil came to light
more remaricably.  Dut the lettey result is, presumably, eonly a mere show
caused by the methodical error, because the foliar dry matter content
of plants, which were cultivated under diffcrent soil conditions, would

show not a little variation,
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Tab 5 Water content of the leaves of Codews, cultivated in twelve different kinds of
soil, on the day of permanent wilting.

Per 1 cmz area in g, 2 om drey weight I 2% ou fresh weight
Number of -
cultwre soils g cerved | Relative | Olserved  Relative | Observed | Relative
values valucs values values ‘ valucs values
1 16,21 101 1740 145 04.3 102
2 17.73 111 1299 108 02,9 - 101
3 1685 105 1280 107 y2 8 101
4 16.40 103 115y +{d gz.1 100
5 16,02 100 15123 94 ai4 99
6 15.86 q9g 1205 106 92,4 10C
7 15.88 G0 1049 87 02,5 100
3 . 16,68 104 1305 K16 03.2 101
Q9 15.42 afy 995 83 92,0 100
10 14.72 g2 1088 ar 1.7 90
i 16,06 100 1098 o2 91.7 99
12 14.05 58 ! 804 ¥ . GO0 08
Average 15.99 100 ' 1109 100 02,3 100
Duvi::tiran( = '\';—:\) — +4.2 : 2z +13.7 = +08

Obscrved values are given in the average of day- and night-vaiuc.

4. Glyeine~—A variety named Wilson

In this serics of experiments, the water content of the frst ordinary
simple leaves of the soy bean plants eight weeks old, whiclh were culti-
vated in five different soils, as in the case of the experinient 2., wus
determined.  The determinations were made at the time of full turgidity
and of permanent wilting, four leaves being collected for cach deter-
mination from different individuals in the same pot.

The results obtained by this experiment coincided with those of
the experiment 2. (Tab. 6). The difference of the foliar water content
of plants cultivated in different kinds of soil again appeared more remark-
able in the stage of permanent wilting than in the stage of full turgidity.
The ratio between the values of water content at these two stages



Tab. 6.

Number of

time of full turgidity and of permanent wilting.

Water content of the first ordinary simple leaves of ¢avedne, cultivated in five different kinds of soil, at the

Per 1 ¢z area in my. at the time of

2 on dry weight at the slage of

2 om fresh weight at the stage of

permanenl

caltaze sofls ! Lur:;li]clllit_v wilting | Ratio turl;rjiuiiy Pf'“‘:?“ﬂ-:z“ Ratio turf;;f]éity pt'\:?t:::g]t Ratio
Cibserved valucs T
1 9.02 4.56 0.5f 439 197 0.5 81.5 66.3 08
g 10,21 £.06 ! 058 428 245 o0.57 81.1 71.0 0.88
6 10.44 5.34 ‘i .57 459 238 o.52 82,2 70.4 0.80
8 12.79 706 | o063 534 314 oby 84.3 77.5 0.92
12 5 13.16 4.55 .77 512 339 0,66 837 77.3 02
Average 11,12 6,67 0.59 474 273 0,57 82,6 72.5 o858
Relative values
1 81 68 - 93 72 — 09 91 -
92 89 - 90 90 - o8 98 -
6 94 8o — 97 87 - 100 o7 =5
8 115 119 - 113 126 - 102 107 —
12 118 143 - 108 124 - 101 107 —
Average 100 100 —_ 100 I00 _— 100 100 -
Deviation(:ﬁ: %) +13.2 +25.0 - +8.2 +20.2 - +1.2 £5.6 =

SIABY] JO TUIPIO)) INeAN
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studied was also found to be larger in the plants cultivated in the soils
with higher water holding capacity.  In this connection, there was a
remarkable fact te be seen in the two series of experiment 2. and 4.,
namely, that the ratio in question, uncer the results obtained by the
arca method, was found to be similar in those plants cultivated in the
same kind of soil, the average value for cach series of experiment being
0.61 and 0.59 respectively {Tab. 7). It seems thercfore, that the rela-
tion of the water content of a given plant at the stage of permanent
wilting to the normal water content of the same plant is likely to be
the same for a given condition of suils,

Tab. 7. Comparison of the ratios of the values for the waler contenl of the leaves of
Glyedne al the point of permanent willing to that at the state of full wrgidity found by twe
series of experiment (Txp. 2. aud Exp. 4.), determmations being made by the arca method.

Experiment 2. Experiment 4. Average e
Number of Ligviation
culture soils ] s, ; i G WS T e — e of ‘va.hlc:
Observed | Relative | Obhserved  Relative . Observed  Relative| in %
values | values values | valves values values
o E— —_— i
1 0,50 5 o510 | us 535 100 45
3 C.51 94 0.58 106 ©545 100 46
& 0.56 105 | os1 us 0.535 1o +5
¥ oo 1c6 0.6z a4 0,060 100 +6
' |
12 0,74 101 .73 | 99 0,735 100 41
Average 0.61 1c2 Q.59 98 | o.boo 100 *2

5. Colews—Another variety with variegated leaves

In this case another variegated varicty of Cofews, which was cultivated
in four different soils (soil a, b, ¢ and d), was used for experiment, two
series of experiment being carried out. The water content of leaves
was determined at the stage of permanent wilting in comparison with
the content at the stage of [ull turgidity, and the results calculated for
1 cm® leaf arca as well as for the percentage on the basis of the dry
weight, were taken into consideration (Tab. 8). DBut the results ob-
tained by the dry weight method seemed clearly to be unreascnable,
because the water content at the stage of permanent wilting came
to light sometimes as if it was larger than that at the stage of full
turgidity.
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time of full turgiclity and of permanent wilting.
| - - |
Values al full targidity Values at permanent wiltling
Number of culture . Ratio
suils l First } Sceond | Average | First Second | Average I/
‘ exp, exp. n CXp. exp. | (I}
Per 1 ¢m2 arca in mg. !
a 231 207 22.4 21.2 20.8 ;. zLoO .94
h 22.9 227 228 20.4 20.0 ‘ 204 | ady
¢ 21,6 S ¢ 219 1y.6 1y.2 19.4 a.8g
a 23.5 20.2 220 21.§ | I76 19.7 2450
Average 22.9 2.7 ‘ 223 20.6 i 16.5 20.1 0.91
2 on dry weight : !
a 1355 1256 1322 | ILiuyg 1244 } 1244 } Q.
i !
b 1196 1155 1170 121 1021 ¢ 1O7I . 004
¢ 1303 1406 1355 | 1124 161z a37r 101
d 1316 466 1142 ’ 1162 1031 1097 0.6
Average 1203 E204 124y 1152 1249 11G0 0.6

According to the results obtained by the area method, there were
no unreascnable data to be found, and the results of the two series of
experiment were alike in general.  The difference of the water content
of leaves as related to the difference of the culture soil was however
scarcely recognizable, though there was sume tendency toward the vaiue
of the water content in the soils with higher water holding capacity
appearing somewhat smaller than that of other seoils.  This will be
probably caused by the matter of fact, that there was small variation
in the water relation of the soils used for this experiment.

The ratio between the value at the stage of permanent wilting
and that of the stage of full turgidity, being calculated for cach plant
by the average value of the two serles of experiment, was 0.89-0.94,
the average value of all materfals used being og1. This value agreed
well with the value obtained by the experiment 1. In other words
this ratio seems to be a definite value for the Colens plants.

6. Glysine.—Another variety

The soy bean plants used in this experiment were well grown to
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the maturity of flowering. Three kinds of soil (Soil a, b and d) were
used for cultivation. The determination of water content was carried
out at the stage of full turgidity and the stage of permanent wilting,
the results of determinations being given in the values per unit area of
the leaf, the values in percentage on the basiz of the dry weight and
the values per 1 cm?® powder obtained from the lef tissue (8, 10).

Tah. g. Water content of the leaves of Giyeine, cultivated in three different kinds of
soil, at the time of full turgidity and of permanent wilting.

Values at full turgidity Values at permanent wilting
Number of culture |-———— —— ‘ Ratio
soils First | Second | Average| First | Second | Average| 11/l
exp.  exp. ) exp. £XP. (1)
Per 1 cm# area in mg.

a 799 732 7.66 391 414 4.03 053

b 5.44 7.61 8.03 3.3 3.76 404 = o0

d bogug 8.2z 8.20 3.97 4.37 4.1% ! 05T

|
Average §.z0 7.92 7.96 4.06 4.09 408 0.57
2% on dry weight

a 337 322 330 196 187 192 © 048

b 3uo 344 362 192 174 153 057

d 369 355 362 156 159 153 >352
Average 362 340 351 191 1653 1856 0.54

" Per 1 e tissue e
powder in g,

a 963 1030 997 532 593 503 0,56

b ISV ${-5] 1137 575 540 563 0,50

d 1074 1151 1113 533 500 . 506 o5
Average [ 1050 Ity 1082 546 500 564 0.52

The experiment were carried out twice and the results agreed in
general to two cases. The three kinds of results obtained by the three
different methods of indication also showed considerable agreement, the
ratios between the values for the stage of permanent wilting and those
for the stage of full turgidity being alik for each case. The u'erégcs
of the values in question were namely 0.51, 0.54 and 0.52 respec-
tively.
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The values for the water content found in the materials cultivated with
different kinds of soil showed little variation, but there was a tendency
for the value for the plant cultivated in the soil with higher water
holding capacity to be somewhat larger than the others. Therefore we
may presume, that this tendency would Le more marked, if the soils
used for this experiment were wmore highly different from each other
in their water holding capacity.  In truth the water holding capacity
of the soils were in this case wvaried Jess than in the casc of ex-
periments 2. ane 4., where the tendency in question came to light more
clearly.

7. Aimosa

Mimosa pudica plants, which were cullivated from seeds in poets
filled with the scil b, were used for experiment.  The determination of
the foliar water content for the time of full turgidity was made two
hours after the watering the pots.  The sccond determination was done
at the critical point of wilting, where all leaves of the plants used lost
just their reactivity, even for the strong mechanical stimulations because
of the insufficiency of the turgidity in the pulvinus (g). As the leaf
of this plant is a compound one composed of many small leaflets, the
determination of the water content in the leafblade itseif could not be
“undertaken.  The leaves used for experiment were picked from their
insertion point at the stem.

The experiment were repeated five times with five different indivi-
duals, five leaves being gathered for cach experiment.  The values of
the water content were given in the percentage on the basis of the dry
weight.  For this material the area method could not be applied. As

Tal. 10, Water content of the leaves of Woiwesr, cultivated in soil T, at the time of
full turgidity and of critical wilting. ‘

i | ;
g5 on dry weight per 1o
S ; | . - tissue
! |
. ; ! owder
Number of malerial I z ! : Average | ©
f 3 4 f 5 98% | in mg.
. — - _
v

Values at full turgidity (1) 2120 ‘ 2020, 210.2 20318 214.5 210.6 1141
Values at ceritical wilting(TI}[ 1091 | 110.7 105.6 117.2 1112 I11.4 608

Katio (T'1/T; .51 .52 052 58 0,52 0.53 | 0.53
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the meterial gathered from each plant was too scanty for the powder
method, all materials used for the five experiments were used together
at once for this purpose, and the values of the water content per 1 cm’
tissue powder were calculated from the total sum of values found from
total materials (Tab. 10)

Accurding to the results on the basis of the dry weight, the ratio
of the values found at the two stages of plants were 0.51-0.58, the
average being 053, The ratio found by the powder method was also
053

8 Wimoesa

In this series of experiments Mimosa pudica plants, which were raised
from sceds and cultivated in four pots with different kinds of soil a, b,
¢ and d, were employcd. The {oliar waler content was determined in
the same way as in experiment 7.  But in this case, aller several leaves
were picked from eachi material at the state of full turgidity for the
first test, their hranches were cut off for the purpose of hastening the
wilting process.  When the leaves on the branches cut off reached the
critical point of wilting, several of them were picked for the second
test.

According to the results obtained i this experiment (fab. 11), no
defnite relation between the foliar water content of plants and the water
holding capacity of soils used for cultivation was to be seen.  DBut the

Tab. 11. Water content of the leaves of Miwmesa at the tune of full largidily and al
the point, at which the Jeaves on branches cut off are reached the critical
state of wilting.

~uml " ' 97 on dry weight at the time of | per i vm? lissue powder at the time of
SumibeT o

culture
s0ils full

critical Ralio full critical Ratiu
turgidity {I) willing |1} (T targidity (1) | wilting (IT) {(I1/E]

a 251 1z | o045 1172 530 o5
b 233 o7 | our g 393 .33
c 292 ITI .38 1301 466 034
d 247 I14 0 1247 451 236

Average 256 109 0.43 1252 460 0.37
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the degree of water lost at the critical point of wilting was fairly alike
in each material. The ratios between the water content of two test
periods were namely 0.38-045 with the average value of ©.43, when
the values were found by the dry weight method ; and the values found
by the powder method were 0.33-0.45, the average being ©.37.

Thus the value of ratios in question was found somewhat smaller in
this case than in the case of the previous experiment.  This difference was
caused partly by the too high values tor the first test and partly too
low values for the second test in this case.  Of course there must be
several causes relating to this difference, but the principal cne would
seem to be the difference of the testing method,

IV, DISCUSSION

The wilting of plants is, as is known, a general symptom of water
deficicney in the tissues. It must be therefore a matter beyond guestion,
that the water content of leaves decreases progressively during the process
of wilting. But the phenomenon of wilting is a chain of several stages
of water deficiency in tissues, which correspond to the physiological
states of plants, as the incipient drying (14), the temporary wilting, the
pernunent wilting (3, 4) ete.  If a given state of wilting is nothing
more than a symptom of a definite state of the water deficit in tissues
of a plant, there must be a definite water content of tissues correspond-
ing to this state of wilting  However, to determine this definite water
content experimentally is very difficult, unless we may catch exactly a
critical point in the progressive phase of wilting, The point of so-called
permanent wilting in the sense of Bricgs and Suaviz (3, 4) or the
critical point of wilting of Mimosa pudice in the sense of Koxkersu (g)
is the only critical stage of wilting, that has received attention in the
literature {22). Another critical point of wilting, which we may point
out, if not so exactly, is the point of the beginning of visible wilting
phenomenon in the leaf. A plant must contain definite amount of water
in the leaf tissue at these two critical points of wilting. CarpweLl's
work (5) was based on this idea and he has proved it experimentally.
Our results of experiment on Colens (Fxp. 1.) testified further to his
conclusion. '

The conclusion, that a plant has a definite water content of leaves
at a definite stage of wilting, does not mean, however, that this definite
water content is specific for a given plant.  The results of the experi-
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ments 2. and 4. on Glycine Soja cultivated in different soils showed,
that a given plant contained different amount of water in the tissue of
leaves at a given critical stage of wilting, when it is cultivated under
different soil conditions. This relation is seen most clearly at the point
of permanent wilting. The same fact is, though somewhat less markedly,
derived from the experiments on Cvlews cultivated in soils with different
water holding capacity (Ixp. 3). The occurence of the different values
of water content in question scems therefore to be relate at least partly
to the difference of the water reiation in sciis (see 15). Though this
relation was not directly brought out in our experiment, it was shown
indirectly by the values of water holding capacity or the water retaining
power of the soils used.  If therefore we use for experiment scils with
less variation in water relaticn, the fact above mentioned will come less
marked.  This must be the reason, why we could not find the re-
markable difference in experiments 5, 6 and 8.

On the other hand, there is an interesting fuct to be found, In
Glyeine plants (Exp. 2, 4 and 6), we see, that the water content at the
stage of permanent wilting is the larger, as the water holding capacity
of the soil used is higher. On the contrary, the results found in Cofens
(Exp. 3 and 35) are wice wersa.  The reason of this phenomenon is not
casily analysable. But we assume, that this phenomenon has some
relation to the difference of the xerophytism of plants. If we assume,
that a mesophytic plant such as Colews has small power to derive water
from soils, while a semi xerophytic plant such as Gdpeine has larger
power, then a plant such as Colews will faii into the critical state of
wilting and will contain less moisture in the leaves, when it is cultivated
in a soil with higher water holding capacity but with higher resistance
against the water depriving power, the circumstances for a plant such
as Glycine being reversed. Another point of view in this connection is,
that a xerophitic plant has a higher power of adaptation for a soil with
higher resistance against the water depriving power and is adapted 1o
reserve water in tissues. However the state of things is complicated,
if we consider the water content of leaves at the critical point of wilting
of different plants. As it is shown in the tablcs, the water content
per unit area of leaves is much higher in the leaves of Cvlexs than in
the leaves of soy bean plants. Thus the water content at the critical
point of wilting may be higher in the mesophytic plants than in the
semi  xerophytic plants. However this relation may not apply the
sacculent plants.
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If the water content of leaves decreases lineally during the process
of wilting, so the day value of the water content of leaves at a given
stage of wilting will be larger than the value for the following night,
thus the day-night ratio coming larger than the unity. This relation
might occur, when the desiccating power of air conditions will be
relatively high. IHowever, if a given plant loses its tissue moisture
relatively slowly, the foliar water content in the day time may be smaller
than that of the following night, as is the case in the healthy leaves
(14).  As is known (1, 11), the transpiring power of healthy or wilted
leaves shows generally a larger value in the day time than at night.
In other words, the water loss fram a leaf is smaller at night. 1f the
water supply to a leaf from the stem may overcome the water loss at
night, so the water content of a leaf at night will become larger than
that in the previous day time. In this case, the day-night ratio of the
water content must be smaller than unity.  Dut the value of this ratic
will theoretically approach unity, the more the wilting process of a plant
proceeds, until the water supply can no longer cover the water loss,

Thus we may consider two different instances as to the variation
in the day-night ratio of water content of leaves. The results obtained
from the experiment 1. on two vareties of Colens might represent this
two probable instances, though there may be other reasons for this state
of things. In the case of the variegated variely, we see a regularized
march of the day-night fluctuation of the foliar water content.  The
fluctuation becomes however smaller and smaller, until the plant falls
into the state of permanent wilting, the fluctuation at the next stage
of wilting becoming once more somewhat larger. This relation is shown
clearly by the variation of the day-night ratic for different stages of
wilting. This fact is remarkable, if we reflect upon a similar fact found
in the march of daily variation of transpiring power of a wilting leaf
As it was pointed out by Bakkr {1} and Kokrersu (11), the daily
variation of the transpiring power of a wilting leaf, which was determined
by means of hygrometric paper, becomes smaller and smaller, as the
plant becomes more wilted, until the plant falls into the state of per-
manent wilting,

On the other hand there is found another point of intercst.  The
ratio between the water content at the critical point of wilting and that
at the point of full turgidity of leaves seems to have a deep meaning
in itsselfl.  Though the values of this ratio is not constant for a plant,
but may be affected by the culture conditions, it seems however charac-
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teristic for a plant.  Thus the values found in the two different series
of experiment on /yeine, which were based on the area method, (Exp.
2. and 4.), were 0.61 and 0.59, the values being given in the average
from the values found in the plants cultivated in different seils.  This
ratio found for the two different varieties of Colens in the experiment r.
were 0.91 and 0.88 respectively, while the value obtained in another
vatrlety of this plant (Exp. 5.} was also 0.01.

The values of this ratio seems therefore to be defnite for a plant,
if a plant is cultivated under similar conditions  Under dilferent cuiture
conditions the values niay, however, very not a little.  The values found
in the five different individuals of Glpeine fluctuated between 0.51-074
with the average 0.61 in experiment 2. and between 0.51-0.73 with the
average O 39 in experiment 4, while the values found in €oleus cultivated
in four four different scils gave a fluctuation between 0.89-0.04 with
the average 06I1. In the case of (Glyeine the fluctuation was thercfore
very marked.  This fact is without question correlated toe the larger
difference of the nature of the seil used for this plant.  Roughly speak-
ing, the higher the water holding capacity of the soils used, the larger
arc the values in question found in this case. There is, thercfore, a

paratlelism belween the values of the ratio and the values of the water

The values in question for Glyeine, which were used for experiment
6, were found to fluctuate between 0.50-0.53, the average value being
0.51. The reason why the values found in this case are relatively low,
is probably caused principally by the fact, that the nature of material
was different and the plants were cultivated in the soils with relatively
low wvalues of water holding capacity.

For the consideration of the water content of leaves the values ob-
tained by the area method were adopted principally, because this
method of indication was considered as theoretically the most reascnable
method for our case.  But in such a plant as Wimesa it is nearly jm-
possible to employ this mcthod for the determination of foliar water
content.  To consider the relation in question by the values obtained
by the dry weight mecthod and the powder method, it was found in the
experiment 7. of this plant, that the ratio between the values for the
water contents at the criticial point of wilting and of full turgidity is
0.53, the values cbtained by the two different methods being the same.
The values for Glycine which were found in the experiment 6. by these
two methods, were ¢.54 and 0.£2 respectively, while the value ohtained
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by the arca method was 0.51 as already mentioned. That is to say,
the wvalues obtained by the dry weight or the powder methed brought
similar results, as in the case of area method.

In comparing the values of ratio oblained in Mimosa and Glyeine,
we see at a glance, that the values ae very similar to cach other.
But we must bear in mind in this case, that the methods of Jetermina-
tion of the eritical point of wilting were different, Brices and SnHaNTZ
method for the latter and KokeTst's method for the former being used.
Moreover the manner of gathering materials for experiment was different.
IHowever it may be assumed, at least, that the values in question for
these two plants will be near to each other.  In experiment 8., where
the critical puint of wilting was determined in the leaves on the detached
branches of Mimosa, the values in queslion came to light somewhuat
lower than in the case of cxperiment 7., where the rooted plants were
employed for experiment.  The reason of this difference miay be caused,
as s alvcady discussed, principally by the difference of testing methods.

Thus the critical foliar water content of a plant may come to light
in the cifferent values, according to the difference not only of the cul-
ture conditions but also of the testing method. Therefore, if we hope
to compare the water relations of dilferent plants, we must test with
the same mwethod and with materials cultured under the same conditions.
On the other hand we must employ the reasenable methods of deter-
mination of water content for a given case  In our case it is beyond
question, that the fresh weight method of determination is least applicable.
As regards the dry weight method, it will theoretically bring reasonable
results in some limited cases, where the cuntent of the dry matter in
leaves is but slightly vadable.  But in such a case, where the dry
substance varies not a little during the cxyériment. this method also is
not applicable.  Thus in many cases in our experiment the results ob-
tained by this method appeared as in point of fuct less reasonable, than
in the case of area method. Therefore our consideration on the water
relation in question was based principally on the results obtained by
the arca method.  When this method was not applicable, we were
obliged to depend upon other methods.  Kokmrst’s powder method
(8, 10) was intraduced here as a theoretically reasonable method and
proved an applicable method in this case.

Looking back upon the water relation of plants as related to the
wilting once more, we may derive a point of interest from the data
obtained in our experiments on different plants  The water residue in



114 Riichiro Koxwrsu

the leaf at the critical point of wilting is very different in the different
plants.  This critical water residue giveﬁ by the ratio to the water
content at the full turgidity is very high in Celews in comparing with
that of Giépeine plants, while this value for Mmose is rather similar to
that of Giyeine.  In other words Colews plants lose the relatively smuall
amount of their foliar moisture, before they fall into the critical state
of wilting. The degree of the water loss seems in this connection to
be an index showing the degree of the resistance of a plant to
wilting. The higher is the ratio in question, the less xerophytic might
a plant he  This conclusion agrees closely with the Maximow’s words :
* Xerophytes can endure without injury a greater less of water than
mesophytes ™ (20).

V. SUMMARY

1. The variation of the foliar water content as related to the wilting
of plants was studied by determining the water content at the critical
stages of wilting of leaves, Coleus Blumel, Glycine Sofa and Atmosa
pudica being used as the materials for experiments.

2. As the index to show the water content of lcaves, not only its
percentage values on the basis of the fresh and dry weight also the
amount contained in the unit area of the leaf were determined. The
content per unit volume of the tissue powder was also attributively
deterinined.  Ilowever, it was proved, that the area method was pre-
ferable to the percentage wethods. The considerativn of results was
made therefore principally cn the values obtained by this method.  DBut
in the case of Mimesa, where this method was impracticable, the values
cbtained by the dry weight method was applied. The powder method
was also proved to be a good applicable one.

3. The water content of leaves of a plant seemed to be very alike
at a given critical stage of wilting, for instances at the beginning of
wilting or at the point of so-called permanent wilting of a plant.  But
this value was affected not a little by the culture conditions. The
higher the water holding capacity of culture soils, the larger was the
critical water content of leaves of G{peime, while the results found in
Colens were the opposite This relution was assumed by the writer to
have some bearing on the xerophytic nature of plants.

4 The water content of leaves at the critical wilting point of
diffcrent plants was proved very different to each other.  The ratio of
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this critical water content to the content at the stage of full turgidity
was also very different one from the other. The value of this ratio
was found much higher in Colews than in the other two materials, while
the values for these latter two were near to each other.

5. The ratio in question seemed moreover to be specific to a given
plant, and to show the degree of the resisting power of a plant to
wilting. The value of this ratio might be, therefore, an index to com-
pare the degree of the xerophytism of plants, the more xerophytic
being a plant, the lower is the value.
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