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V;\ RIATION OF THE WA[EIZ CONTENT OF LEAVES 

AS RELATED TO THE WILT/KG OF PLA:\TS' 

Riichiro KbKETSU 

1. l~TlWUCCTION 

As it has been pointed out by: several authors (14, 16, 17, 7, 19), 
the \vater content of the leaves of plants is not always constant, but shmvs 

a variation during the day, as is the CCl.se in regard to the f,)liar transpir­

ing pmvcr (I I). Among them, LIVI'IGSTOt{ and BKOWN (14) paid much 

attcntion to the diurnal change of foliar water content, as a factor 

rcgulating the tr;mspiring pO\ver of leaves. \Vhcn the rate of \vater supply 

dues not cover the water loss from the tissue of leaves, the tissue 

should beculIle less moist and dry out more or less. The first stcp 

of this internal drying of the tissue, w11:ch may be attained temporarily 

in a leaf at the time of maximum evaporation ~f a day, has been termed 
incipient drying by these authors. If such a drying process in a leaf 

tis~uc continues, the water content and correspondently the turgor 

pressure of the tissue should decrease. Finalll all turgidity would be 

destroyed and a point, at \vhich tbe wi:ting of a leaf is first externally 

to be scen, is now reached; and the more the water content of leaves 

decreases, the lllore the state of wilting proceeds.. Therefore, any definite 

degree of \vilting ill a tissue \vould be correspond to a definte water 

deficit in the tissue, although experimcntal detcnnination of such a definite 

1 ContrilJtltiolls from the Botanical J,nlioralory, KyusllU Imperial University Ko. 20. 
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relation between them might not be an easy task. In literature \ve 
can find few contributions dealing with this probJem (5, 20), Among 
others CALDWELL (5) discovered, that a phnt has a definite amount of 

water in the leaves when wilting begins and at the time of so-called 
permanent wilting. But our kno\vlcdgc of this relation is at present 
quite insufficient. The writer worked, therefore, Juring '919-1920, \\'hen 
he \vas studying on the water relation of wilting plants in the Plant 

Physiological Laboratory of the Johns I fopkins University Baltimore, 
on the problem in question, with sOllie reasonable results. But unavoid­

able circumstance.') compelled him to leave these results unpublished up 

to the present. Recently the \\-Titer was aLle to continue the work on 

this problem son:ewhat further in the Botanical Laboratory of FlIklloka 

The present paper is ba~ed on the results obtaineu in those two 

laboratories 

It is the writer's pleasant ubligation to express his gratitude to 

ProfessOl- 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 equipment of his laboratory. 

II. .:\lATERIAL AND METHOD 

The plant materials used in this work were Coleus Btumei, G!;/ciIlC 

SC?ja and .lrfilllostl pudlea They wcn~ plantcu in pots. VI-Then it was 

dcsireu to wilt them, they \verc placed on a table without further 

watering. For determining the water content of leaves, the common 

method of weighillg, drying and re\v~ighillg was employed. As the 

leaves \vere plucked, they Were placed immediately in tarred glass tubes 

and tightly stoppered. After being weighed, tiK~ open tubes \vere placed 

in a drying oven of tell.1r~rature [00- J 03 °e, and the final dry weight 

uLtaincd by l~e\veigbillg the re-stoppered tubes \vithollt n:lllOving Of 

handling the leaves, but after cooling in a clc.'iiccator. 

For the cultivation _of plants, several kinds of soil or their mixtures, 

with different water holding capacity were used, the \-vater capacity 

having been determined by the method of HILGARD (6). Sand, loam, 

humus and mixtures were principally used for the \vork in ilaltimore 

and were numbered according to the value of the water holoing capacity, 

\vhich \Vas given in percentage on the basis of the oven-clry volume 
(Tab. I). 
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Tab. I. The water holding capacity of soils u.sed in cXl-Icrimcnts at Baltimore 

Nmnhd 1 I I 1 1 I I I I I --I - I 

oisolls _' __ 2 ___ 3 4 1 __ 5 __ ~ _"_'_1 8 ___ 9 __ '_O_! __ '_'_~ 
( """""- I I I I ' I I I I ~:~;~~ i~ 'HL, ,,+1, S, + I J'I~Hll'[~ I H[[' "+ If' ~+1I' ',+Hl11Ll +tl:3~_~ 

holdilig· I I 
1Il V01Lllll-
capacity, 40.7. 43.0 l' 45.8 50.7 55·7 57·7 67·5 iI. I 79·5 81.4 86·5 IOJ.I 

~t_ric !£..J__ __, ___ ---'-- ____ _ 
S=SalJd, L=Loam, ![=IIUl1lus. 

For the experiments 

kinds of soil Iverc used. 

carried out in our laboratory at Fulmoka other 

The waler holding capacity of these soils \vas 

however not dircctry determined These soils \\ere numhered <-1, b, c 

soils at the cdticd dud d, acc(jrding to the value of the water residue in 

wilting puint of Jlimosa pudiea cultured in each soil, instead of the wattT 

holding capacity (Tab. 2). 

Tab. 2. the waln COI1\(' nl pJ soih at the critical poilll ,,1' willing of .. JiiiJIlst! />Ulii({1 rooted 

therein (Soils llsed at Fuklloka). 

?\~\lm!Jer of soil;; 

Kinds ()f mil 

Critical water content given in 
of u\Tn-dry volumc oi soil 

I a b [ 

I 

-1----- -1- 1Jixture of 

. I. _

_ s_"_n_d_Y_ Ordir,ary: sand ami gyarden-soil ' "ardell-sod I 
. ",' hUll10US ~LJi1 

l' I 549 1- GO, --9-6~--
"------

d 

[Iulllou:; 
soil 

::0·33 

/\.t'1 the index of the II-aiel" content uf leaves, its percentage 011 the 

hasis uf flesh weight or dry ,veight was adupted in lllany cases III the 

likr;-l.ture. But the flesh or elry weight of leaves is of a variable nature, 

especi.:tll}' ill our case, where the plant materials ,rere studied in the 

progressive phases of wilting. The writer preferred, therefin'c, to use 

the amount of water contained in the unit area c,f leaves as the better 

index for our pmvose, although SOIne sampling error, ,,·hich may be 

caused by the difference of the thickness of leaves, lnust be expected. 

The area of the leaf \vas measured by means of a planimeter. The 

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

taken into consideration for comparing their applicability. In the parts 



of experiment, \yhich were carried o ut in the Iab() r~tory at Fulmoka, 
the so-caJled powder method for determining the watcr content (8, 10, 

13) was also employed. 

III. EXFERI!llEN'fS 

). C"o!eu5.-A varicg'lted yello w purple and a pu rple variely 

F our equally grown plants of v~lt-iegated va riety , whic h were c ult i­
vated in pots in common ga rden soil, wel-e well watel-ed in the day of 

beginning the experiment. O lle uf thcm was teskd [or thc water content 
of its leaves on the day uf watt'ring, while the others \vere allowed tu 
wilt. A mong them one was st udied for the same purpose , when it began 
to ·wilt slightly, another plant, when it reached the <..:ay of the so-called 

permanent wi lting in the sense of I3R IGGS and SHA~TZ (2, 3, 4. 2 1), anu 
the Jast 011<.: , when it became excessively wi lt ed_ A nother series of 
experiment was made \-vith t he purple variety. 

D eterminations of the folia r water content of ertch pLiI1t were always 
tried at t he how-s 13: 30 and 23: 30. Five mature leaves on one side 
of the leaf pairs were collected for the day-time determination, and the 
fi ve opposite leaves were removed fiJr the night- test. The values foun d 
anti the ratios between the day anti nig-ht values arc g iven ill the 
table 3. 

Taldng- the wa ter content per unit are;l (J c m:!) into accou nt , we 
see, that the ,vater content of leaves bec omes smaller and small.er as 
the wil ting progresses The values of the ,vate r content given by the 
percentage on the basis of the dry or fi-esh weig ht s ho wed ncverthlcss 
some poinb.; of non-uniformity, though there was, roughly speaking , lile 
same tcndcncy in t he re la tioll in questitlO . The reason, why suc h a 

lac k of uniformity appears , must be ti m: to the drc umsti:l ncc, t hat the 
val·bt ions of the d ry and fresil \veig-ht of plant materia ls used are wholly 
neg lected in these cases_ In the case whcre the foliar water cont ent of 
the variegated variety 1,-vas given in the percentage on the basis of the 
dry weig ht, the values for the slig htly wilteu 111ateria l came lllllch la rg-e r 
than tho!;e fi)r the bealthy material. This must be namely an index 

error probab ly causeu by t he negligence of the d iminution of d ry matter 
in t he wilted mate ria l. 

A s regards the relatio n bet ween the day and ni g-ht values of the 
water content , there \vas a different tendency as the plant material used 

was different. As fix the variegated variety, the night values were 



T ah. 3. \Vater wnlcn l of lhe leaves of ( i'{mJ , cult ivntcd in common garden soi l at tht! four different singes nf wilting 

he:thh y ( I), sligh!!)' wilt ed ( II ). permanentl y wilted ( III) and n Cl'ssiveJy wilted (IV). 

-=------=-= ..... - - -- -

S"ge> of w>ll;ng I 
l'eJ ( cmo;: are:\ in mg. ~~ O il dry weigh t % on fresh weight 

Day valut! =' ight va llie Day-night Day value N~;hL value ' l n ay_night Day value Ni i;\: ht vahle I 
II) (II) ratio (1/ II) (I) Ill) ratio (l/II) (I) Ill) . 

Varicg~tcJ v~r i ety j- --
u.Sy J . 19.J~* 20.00 u.</J 1320 1596 93.0 94.0 

1/ 18.34- 18.7b o_gS 1547 1737 0.89 93.8 944 

III 17. 41* 1 7. 48 '.00 '4°9 15c4 0·94 93.4 93_8 

IV 16.58 I 17·10 °-97 1053 1246 I 0.85 9 1.3 92.5 

Purple vnriely 

I I 1 9.49~ 19.3.1 f .OI 1588 1335 1./9 94 .2 93·5 

II 18.07 I t:I .~2 o.¢ 1350 1220 I.II 93.1 92.5 

III 17. 15* 16.95 1.0 f 11 .13 105 1 , .08 ') 1.9 9 1.3 

IV 14.87 14.44 1·°3 9 10 885 /, O-/. go.3 90.0 

*Thc ratio of th e wat.er C(lntcnt at the point of pt::rmant::nt wil ting to th at at the stat e of fu ll turgidit y : 17.41/19. 18= 0.91, 

[ 7· 15/ 19.49=0.88. 

Day-night 
ratio (I/ll) 

~ 0·99 • 
0-99 

11 

1.00 
g'. 
:; 
"-

0·99 !l, 

~ 

I.OI ~ 
f .Of 

f.Of 

f.OO 

'" " 
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larger than that of the day in all stages of wilting, \vhi]c in the case 
with purple variety the relation appeared conversely. The re,LC;on, why 

such a different relation occurcd 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 tIte trutll, the atmospheric 
condition of the days, during which the experiments with the variegated 
variety \vere calTied out, was much dryer than that of the days with 
another variety. It was supposed that the ,vater content of leaves might 
fall into the l()wer v,llues at the arid period of the day or at the day­

time, as it \vas suggested by Ll\'INT;STO~ and Bl\.()\\,/,\ (14). This Was 

at least one of the reason, why the day value Ex the variegated variety 

came to lig-ht somewhat 10"\\'cr than the night value. In connection 

with this relation it ,vas worthy of remark, that the day-night l-atio of 

the water content became nearer to unity as the \vilting proceeded, 

until the plant fell into the state of permanent wilting. That is to say, 

the degree of diurnal fluctuation of foliar water content rCclche:-; ih 

minimum at this point. On the contrary the purple \-'"ariety, wLich ,vas 

experimented Oil during rather \\'ct days, showed no such tendency, 

namely, that the value of the foliar ,vater content ill the day time 

should become lower than that cf tIle night value of the sanle 24 hOllr 

period . This plant seerned therefore simply to lose its leaf moisture 

decreasingly during the process of wilting without visible fluctuation. 

By comparing the results ubtaincd in buth series of experiment, there 

is a remarkable fact brought to light, namely, that the waler c()lltcnl 

of leaves at the tillie of full turgidity, of slight \vilting and of the 

permanent wilting seems to be approximately alike, or prooably constant 

in each stage, though the values shown ill the percentage on the basis 

of the dry vi'eight are found to currespond less accurately. This might 

be caused by the probable fact, that the cOIltent uf the dry matter cr its 

variation in those two materials dues not agree to each uther (Tab 3). 

It is suggcstccl therefure by this expel-iment, that the leaves of Coleus 

contain a constant amount of water correspollding to any definite stage 

of wilting. 

2. G!:ycillf.-A vClriety named \.Vilson 

In this series of experiments suy bean plants sevcn or eight \\reeks 
olel, ,vhich were cultivated in five different soils, were used: sand, sand­

loam mixture, loam, sClud-hllmus mixture and humus. In each pot, there 
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\vere six plants; and each plant bore Ollt: palf of simple leaves and 
t\v'O or three well gro\vn compound leave.s. The water content of the 

leaves \vas determined on the day of fu ll turgidity, at the beginning of 
wi lt ing and at the time of penna~ent wilting. The collection of leaves 

[uJ" t:ac h determination \:vas maue between the hours I I and 10, when 
t he leaves 'were in the required critica l state of wilting; one middle 
ieCl fict anu t\VO side leJ.f1ct ~ in the fi rst compounu leaves being picked 

at each t im e of dete rmination fi'om diffe rent planb ill each pot. 

The resu lts of this experiment are sho\vn in the table 4. where 

the ubsel'ved values for each plant as well as the relative values com­
pared with the itvCragc value are g iven. The values found by the 

a rea or d ry weight method of indication showed, that the foliar water 
content of material used decreased re nlCl rkab ly as the plants wilted , 

al though it was less remarkablt:: in the case of the fre!:ih weight mcthod. 
The latter rC!:iult is of course not so reliab le tu the material, because 

the method of indication L1sed is Hot fitted. 

According to the results found by th e ;.tr1:3 methud, which must 
be the most reasonable method for our purpose in this case, the foliar 

wat er content seems to become larger , as tI Lt.! \vater holding _capacity 
of thc soi l uscu grows larger. Thi s is noticeable in the leaves in any 

stage uf wilting. b ut most clearly in those at the tillle of permanent 
wi lt ing. This f<ict is not so clearly in<.i icatc{; by t he values found by 

t h ~ fresh o r dry weig ht met hod. whic h Ill U!'It in volve in themsel ves 
methodical error in this case (sec X, 10, 13. Iy) . T his di fference of the 

fi Jliar water content, caused by the difference of cul ture soils indicates 
presumably, that the watcr retain ing power of the cells in the leaf of 

pla nts. which were cu ltivated in the soil of hig her water holding capac ity , 

tll:ty be largi..T than that of the plants cu ltivated in the soil of lu \vcr 
wale I' hu!ding power or in the soil wi th hig·her amuunt of available 
watcr 2. 

On the other h,wel the ratio b ctweell the fu liar ,vater content at 

the t.iJ ne of the permane1lt \vilting and <=I t the time (Jf full turgidity 

appeared tu be the brger, the larger was the ,vater holding capacity 

of the cultu re soils. This seem s to indicate, that the resistance of the 

leaf tissues against tbe ,vater desiccating power becomes higher III the 
pl ants cultivated in the soils with higher water llulding capacity . 

;, It musl he l,ept in mind, , hal the plant s used in Ih is H pc ri mcnt were all cultivalcd ill 

:.011 :-. walcred c\'c '-Y d ,.y . T im.'> th e plaut!>, whic h \\'~rc cull i,·nlerl ~ven in t ile soils of lower 
I" ale r ilo)J iug: capacity, 1Il;'"t! r suOcrcd from tht! Ia.ek of ;l v,lil ahlc W:lter in Iht! soil. 
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Tah 4 \Vater content of the leaves of Gi}ltinl', cultivatell in five different soils, at the time of full turgirlity (I), at the 

beginning or wilting (II) and at the time of permanent wilting (HI). 

Per I cm2 area in mg. at. the % on dry weight at the % on fresh weight al the 
Number of stage of stage of stage of 

culture soils 
I 

--

IIHIIII III/I I I II 1II 1II11 I II !II III/I 
--- --- -------_ ... --- ----,------- -------
Ob~erved value::> ! , 10.03 9.11 I 5.65 0.56 45 I 309 262 0.58 81.8 755 72·4 0.89 

3 11.70 10.22 I 6.co oS I I 588 404 300 oS / 85·5 80.2 75.0 0.88 

6 J 1.14 10.25 6.28 oS6 I 432 379 285 0.66 81.2 79·1 74.0 o.(JI 

" 13-49 12·95 9.40 0.70 499 406 4'9 0.8,,- 83·3 81.2 80.7 0·97 

'2 14.16 13.05 10·54 (J.7-/ 487 4(£) 45' O·1J3 83.1 82.3 81.8 0.<)8 

Average 12.10 I 11.12 7·57 0.61 I 491 393 i 343 0.70 83.0 79.7 I 
76.8 0,<)3 

I 
I --_.-

Relative values 

I 
I 

8· 
f , 

I ., 82 71 - 92 70 7' - 99 95 94 -
3 97 92 79 - 120 103 '7 - [03 101 98 -

6 92 92 83 - 88 ¢ 83 - 98 99 96 -, 
'" 1I6 '24 - <02 103 ,22 - 100 102 W5 -

" "7 "7 139 - 99 1I9 131 - '00 <03 W7 -

.'\.verage wo wo '00 - 100 '00 '00 - '00 wo wo -
. . ( ~1 Devlatwn ±n) ±ILZ ±13_4 ±25·2 - ±8.6 ±IO.O ±2I.4 - ±1.2 ±2.4 ±4.8 -

I 

g 

C' 

i 
" Q. , 
~ c 



\Vater ConLcnL of L('ave~ 101 

3. Colms.-A pale yellow variety 

Twelve plants, \vhich belong to one 

cultivated in hvclvc different kincls of soil. 
water content \\'as determined at the stage 

and the same variety, were 

J n these materials the foliar 

of permanent wilting only. 

The Purlx)se of this experiment was to study the influencc of ,the moisturc 
cundition in the culture soils upon the critical \vater content of leaves. 

At the hour 16:30011 thc day of permanent \-vilting. three middle 
aged leaves were collected for the day-time test, and the three opposite 

leaves at the hour 23: 30 of the same (:ay for the night-time study. 

The d_Iy-night ratio of the foliar \vater content found in each plant \vas 

in almost all cases very near to unity. The ratios between the average 
value of the clay anel tbe night, \vhich ,vere calculated for the Welter 
content pCI' unit area and f(n the percentage on the basis of the fresh 

'\'e:ght was \.003 and 1.000 respectively, wliile the ratio obtained by 

the dry \veight method was 0.943. The variation of the values found 

at these t\\'o test times was, that is to say, but a little for each case, 

as it was expected. Therefore the average results of each two tests for 

each plant was adopted as the index for the critical water content in 
questicn (Tab. ,). 

The index based on the area method being taken into considera­

tiun, it was found, that the C1I11Uunt of ,vater held in the 1c"l"ves of each 
plant \vas very ncar to that in every other: the maximum and minimum 

vdlL;e Wt.TC namely 17.73 mg. and 14.05 mg. respectively for I cm2 ared, 

the average value being 15-99 mg. In other words, the mean deviation 

of the relative values for the average, \vhich was calculated after the 
YJ 

formula ±.~, was only 4.2 (}.~. However, there was a tendency to be 
n 

seen, even jf vcry slightly, that the water content of the plants cultivated 

ill the soils with higher \vater holding capacity is somewhat smaller 

than that fOllnd in other plants. 

This relation could be found also in the results obtained by the 

fresh v"'eight method. But according to the results based on the deter­

mination by the dry weight method, the difference of the foliar water 

content of plants cultivated in different kinds of soil came to light 

more remar~.;:ably. nut the letter result is, presumably, only a mere show 

caused by the methodical error, because the foliar dry matter content 
of plants, \\ hich ,vere cultivated ullcler different !ioil conditions, would 

~how not a little variation. 
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T ab 5 \Vater content of the leave;, of C )!e/lS, cultivatt.'(l ill twelve ai tfcl'c lll k inds of 

.soil, on the day of permanent wil t ing. 

Number of 
culture soils 

2 

3 

4 

5 

6 

1 

8 

9 

10 

II 

12 

Average 
, " ' j. . 

Dcvia ti(lIl \ ± ~ ) 
N . 

Per 1 cm2 area in mg. 

Observt:d R el ati\'c 
"alues valuCi> 

1 6 .21 IOI 

17.73 III 

16.85 l OS 

16 ..40 I C.3 

16.02 l OO 

15.86 99 

[5.88 109 

16.60 IC4 

15.42 96 

14.72 92 

16.06 l OO 

14.05 8~ 

15.99 l OO 

± 4 ·2 

ro on d ry weight % on fresh \v eight 

~ __ I . 

()llsen'cd Heln.t ive I Observed I l\.elali\,e 
valll~s values i valucs ___ ----.:~~e~_ 

' 740 145 94·3 102 

1299 ,08 9 2 .1) lOl 

' 2!lo 107 1)2 .8 ' 0 ' 

11 57 ~6 92 •1 l OO 

11 2 3 94 9 1.4 99 

1265 lO6 92 ,4 IOC 

1049 87 9 2 .5 ' 00 

t 395 Il () 93.2 I OJ 

995 8.1 92 .0 l OO 

,088 91 91 .7 9!J 

1098 9 2 ~I.7 99 

894 75 ,)0.0 98 

11 99 ' 00 9 2 .] l e o 

, ± 13.7 ±o.s 
I 

Ob~rvt'J. \"aJue~ a rc g iven in 111(: (l V{!ragc of oay- fi nd n i ~h l-,-aill "': . 

4 G(ycitze.-A va. riet.y mtmed \Vil.')on 

In this series of experiments, the \\'atc r content of the firs t ordinary 
simple leaves of th~ soy bean plants eig ht weeks old ) "\vhich wer~ culti­
vateu in five different soils , as in the ca:-:;e of the experinccnt 2., W.J ~ 

determined. The determinations were made at the time of full turgiJity 
and of permanent wilting, fou r leave!; being collected for each deter­
mination [ronl different individuals in the same pot. 

The results obtaint:d by thi s experil1lt:nt coincided with those of 
the experiment 2. (Tab. 6). The diffe rence of the foliar water c()ntent 
of plants cultivated in d ifferent kinds of soi l again appeared more rc m.:t rk­

able in the stage of permanent wilting t han in the stage of full turg idi ty. 
T hc ratio between the val lies o f water content at these t wo stages 



T ab . 6. \Vate r cont ent. of the jir~ t ord inary simple ie:wes of (, (vd lfl', cultivated in five different kinds of soi l , at the 

t ime of fu ll turg: idi ty and of pern lancnt wilt ing. 

-- - - -- -

I 
Pcr 1 CHI" a rea in mg. at the t ime of I % on d ry 'weight at the stage of % 0 11 fresh weigh t at t he stage of 

l\umher of -
culture soils ful l I plTll'ancul I 

Ratio full fJ(" rmanent 
Rat io full permanen t R a t io 

! turj,6dity wilting- lurg irli ly wilting turgidity wilt ing 
... _ - - - -- - -- - - - - -

Observed v:\lucs 

, 9.02 4-56 QSI 439 '97 0 ,45 81.5 66.3 0.8, 

5.96 oS.) 428 
I 

81.1 0.88 3 10,21 245 0057 

I 

71.0 

6 
i i 238 8 2.2 0.86 10.44 5 . .14 I OSI ! 459 0.$2 70.4 

8 12·79 i 7.96 I 0.62 534 344 0.6 1/ 84.3 77.5 0 .92 

! 

I 

I 
<2 13.16 9·55 0·73 51 2 339 0.66 83.7 7703 0 .9 2 

Average ! 11.12 6.67 0 .59 474 273 0...'17 82.6 72.5 0.88 
[ 

Relatiye values 

[ I 
I I I 

[ 
, 8 , 6S - 93 72 - 99 91 -

3 92 89 - 90 90 - 98 98 i -
6 94 80 - I 97 87 - '"0 97 -

8 11 5 11 9 - 11 3 <26 - 102 I 107 -
! 

<2 ""LU - l oS 124 - "" 107 -

AYerage 100 100 - 100 '00 - ' 00 ' 00 -
n eviation( ± ~:) ±J3.2 ±2$.O - ±R.2 ± 20.2 - ±J .2 ±s.6 -

--- ---- --

::'. 
" ~ 
" e 
f; 
;;. 
!l., 

~ 

o .... 
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studied was also found to be larger in 

with higher water holding capacity. 
remarkable faet to be t:;ecn in the t'll/O 

the plants cultivated in the soils 
J11 this cOllnection, there was a 

series of experiment 2. and 4., 
namely, that the ratio ill question, U!l(:er the results obtained by the 

area method, was found to ue ~illlilar in those plants cultivated in the 

same kind uf soil, the average value for each series uf experiment being 

0.61 anu 0.59 respectively (Tab. 7). It seems thcn_J()rc, that the rela­

tion of tbe water content of a given plant at the stage of permanent 

\dlting to the normal water content of the same plant is likely to be 
the same for a gkcn condition of soils. 

Tau. 7. Comparison of the ratios of the values ror the W3.ter colltenl of the Jeaves of 

Cl.yr;"inl' at the point of permanent willing to that at the state of full turgidity found by t\Vel 

series of experiment (Fxp. 2. and Exp. 4.), rletermmntions being macle by the area methou. 

Experiment 2. Experiment 4. Average 
J )eviatioll Nnmber of ---_._- of valnc,; culture soils 

Observed ! Relative Ohserved Eelativc Observed Relative ill % 
v~llucs 1_~l\les values valnes yalnes val lies 

- -- ---

0,56 105 0.5 1 95 0·535 000 ±, 

3 C·SI 94 0.58 006 0545 '00 ±6 

6 0.56 005 0.5 1 1)5 0·535 000 ±s 
g 0.70 le6 0.62 94 0/)60 000 ±6 

12 0·74 101 0·73 99 0·735 '00 ±. 

Average 0.61 le2 0.59 98 0.600 '00 ±2 

5· Coielts.-Another variety with variegated leaves 

In this case another variegated v;uicty of Coleus, which was cultivated 

1Il four different soils (soil a, b, c and d), \vas used for experiment, two 

series of experiment being carried out. The V·/ater content of leaves 

was determined at the stage of permanent wilting in comparison with 

the content at the stage of full turgidity, and the results calculated for 

I em" leaf area as well as for the percentage on the basis of the dry 

·weight, \vere taken into consideration (Tab. 8). llut the results ob­

tained by the dry weigh~ method seemed clearly to be unreasonable, 

because the water content at the stage of permanent wilting came 

to light sometimes as if it \-vas larger than that at the stage of full 

turgidity. 
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TaL. o. \Vater coiltent "f the leaves of CO/t!ii~, cultivated in four different ::;oils, at the 

time of full turgidity and of permanent wilting. 

:t\'l1111her of culture 
V,l",~ at full tmg;dity I V,lue~ ,I pennanenl w;Jt;ng : 

Ratio 
soils I First 1 StcOlld Ave",s, F;"I I Secoud i Avemge I ll/l 

I expo t'xp (I) expo exp.! (II) , --_ .• ---- ----- ------- ··---1---- ----
Per I em:> area in mg i I 

a 23_ 1 21.7 22-4 21.2 2o.R 21.0 0·91-

h 22.9 22·7 22.;; 20.;; 
! 

20,0 204 0.89 

u 2r.6 ~2. I 21·9 1').6 1').2 194 0.39 

d 23.8 20.2 22.0 21.5 r7.0 19·7 001}0 

Average 22,9 2I.7 223 20,g 19·5 2().1 0.91 

% on elry weight 

a 13S5 12:;;; '322 11'J4 12~J4 1244- 0'91-

1, 1196 1155 II 76 1I2] 1021 10 7 1 o'9 I 

U 1303 , 1406 1355 1I2') 1612 137' I,OI 

d IJIl; 966 1142 Il6z 10:)1 1097 0.<)6 

Average 1293 1204- 124') 115 2 124) II~l' 0-96 

According to the results obtained by the area method, there were 

no unreasonable data to be found, and the results of the two series of 

experiment 'were alike in general. The difference of the \vater content 

of leaves as related to the difference of the culture soil \vas however 

scarcely recognizable, though th~re -was some tendency toward the value 

of the water content in the soils with higher water holding capacity 

appearing SOIlle\vhat :::;maller than that of other soils. This will be 

probably caused by the matter of fact, that there \vas small variation 

in the \vater relation of the soils used for this experiment. 

The ratio bet\vecn the value at the stage of permanent \vilting 

and that of the stage of full turgidity, being calculated for each plant 

by the average value of the two series of experiment, \vas 0.89-0.94, 
the average value of all materials used being 09]. This value agreed 

\vell with the value obtained by the experiment I. In other words 

this ratio seems to be a definite value for the Coleus plants. 

6. G(JlSilZe.-Another variety 

The soy bean plants used in this experiment \vere \vell 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 turgi~ity 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 hasi :-; of the dry weight and 
the values pe r I em3 powder obtained from the Ie If tissue (8, 10). 

T ab. 9. Water content of the leaves of Clyciw', cult ivated in three d ifferent kiuds of 

soil, at t he time of full turgidi ty an.-I of perm anent wil ting. 

Number of culture 
soils 

Per I cm~ aren in mg. 

a 

b 

Avemge 

% on dry weight 

a 

b 

d 

Average 

- -- Per I ernJ tiSSllt:: 

powder ill 1n ~. 
a 

b 

d 

Avc:ragl! 

Values at full turgidity "Values at permanent 'w'ilting I 

~ix'p,t. : Se .. c~pn.J I AVt!('I· )~~~ Fjr~t ~e clmci Average! 
... ..... expo expo ( II ) 

B.10 

8.20 

337 

1114 

D.zz 

i·7 Z 

JZ2 

344 

355 

10JO 

1 16-.) 

3.9 1 

3.::;0 

7·96 

330 

I~ ;6 

35 1 I<JI 

997 53' 

11 37 

H.atio 
U/t 

0-5 I 

0.51 

0.54 

lni4 1151 111 3 5J3 566 os I 

1050 liLt 

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 pemlanent wilting and t~10se 

for the stage of full turgidity being alik for each case. The averag-cs 

of the values in question wcrc namely 0.5 I, 0.54 and 0.52 respec­
tively. 
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The values fur the water content found in the lluterials cultivated with 
different kinds of soil shO\ved little variation, but there was a tendency 

for the \-'dlue for the plant cultl\-'ated in the soil with higher water 

holding capacity to be somewhat brger than the others. Therefore 1\re 

may presume, that this tendency would be more marked, if the soils 
used for this experiment \vere more highly different from cdeh other 
in their \Yatcr holding capacity. In t"ruth the water holding cap:tCity 
of the soils \\'ere in this case varied less than in the case of ex­
periments 2. and 4., v,,,here the tendency in question came tel light more 
clearly. 

7. JJiimosil 

,lfimosrl pudiea plants, which \verc cultivated fi'om seeds in pots 
filled with the soil b, were used for experiment. The l:etermination of 

the foliar water content for the time of full turgidity \vas made two 

hour~ after the watering the pots. The second determination was done 
at the critical point of \vilting, \vhere all leaves of the plants used lost 
just their reactivity, even for the strong mechanical stimulations because 

(l the insufficiency of the turgidity in the pulvinus (9). As the leaf 
of this plant is a compound one composed of many sma.l1 leaflets, the 
determination of the water content in the leafblade itself coulel not be 
undertaken. The leaves used for e);perimcnt were picked from their 
insertion point at the stem. 

The experiment \\-'ere repeated five times \\,ith five different indivi­

duals, five leaves being gathered for each experiment. The values of 

the \\'ater content were given in the percentage on the basis of the dry 

wdght. For this material the area method could not be applied. As 

Tal,. 10. \Yater content u[ the ll'avcs of .1Iillll'."" cultivated in soil b, at the time of 

full turgidity and of critical wilting 

__ 3 /_4_ 
:!IO.Z 20J.B 

I 
per I em.1 ---I tissue 

\ powder 
L verage in mg. 

9; on dry weight 

:\"umber of material 

Values at fulllurgidily (I) 212.0 2( 2.1 2IO.6 114 1 

Values at critical \viltillg(II) 101).1 IlO·7 117. 2 111.2 1 I1.4 

Ralio (fIll) v·5 I 0-52 0.53 0.53 
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tIJ(~ Illcterial gathered from each plant \vas too SC:Ulty for the pnw(:er 
method, all materials used f(Jr the five experiments were llsed together 

at once for this purpose, and the values of the water content per I CillO 

tissue powder \..vere calculated from the total sum of values found from 
total materials (Tab 10) 

According to the results on ihe basis of thc dry \veight, the ratio 

of the values fOllnd at the t\V() stages of plants were 0.5 I -0.58, the 
average being 053. 

053 
The ratio f()unu by the powc:er method W,lS also 

8 Jlimosa 

In this series of experiments Jjimosa jucitcaplants, which were raised 

from seeds and cultivated in four pots with different kinds of soil a, b J 

c and d, were emplllyed. The fuliar \V,iier contcnt was determined in 

the same \yay as in experiment 7. But in this case, aftel- several leaves 

were picked from each material at the state of full turgidity for the 

first test, their branches \vere cut off for the purpose of hastening the 

"\vilting process. \Vhen the leaves on the branches cut off reached the 

critical point of \vilting, several of them wcre lJicb~d for the seconu 
test. 

According to the results obtained in this experiment (Tab. I I), no 

definite relation behveen the foliar water content of plants and the water 

holding capacity of soils used for cultivation \vas to be seen. nut the 

Tab I I. \Vater content of the leaves of i.lfimGJa at the tillle of fL11l turgidity and at 

the l--"'Oint, at which the leaves on branches cut on are reached the critical 

stale of \vilting 

~Lll11bcr of 
Q/ on dry weighl at the lillle uf I per ICIll' 'tissllel:;,,'der at the tilll<e of /' 

culture 
full I critical Ratio full "iti,'al I Rat soils 

turgidity (T)I wilting ~II) (II/I) turgidity (I) w iltlllg (II" (II, 
<U 

:1) 

a :!5 1 113 045 1172 53D 

I 

0 

b 235 97 a .. p 119;'; 393 0 .. 

45 

J3 

e 292 '" 0'38 1391 466 0, 34 

d 247 "4 0-46 1247 45 1 0, 

Average '56 to<) 0.43 1252 460 O. 37 



\Vate r Omtent 01 I ,e'wcs 109 

the degree of water iust at the critical !Joi nt of wilting was faidy alike 

in each material. The ratios bet\veen the water content of two test 

periods were namely 038-0.45 with the average value of 0-43, when 
the va lues were found by the dry weig ht method; and the values found 

by the powder method were 0.33-0.45, the average being 0·31· 
Thu s the value of ratios in (Juestion was fi)und s0111t:\vhat smaller in 

th is case than in the case of the previous experiment. This d ifference was 

caused pa rtly by the too hig h values 10 1' t he first test and partly too 
luw va lues for the seconu test ill t hi s casco Of cuurse there must be 
~evcrcll causes relat ing to thi .'::i d irfe rence , but the principal one would 

~ecll1 to be the ~li ifercncc of the testing method. 

I V. DlSCUSSJON 

The wilting of plants is, as is known, a general symptom tJ water 
d diciL:ncy in the tissues. It must: b e therefort: a matter beyond question, 

that t.he water content of leavc:-:i decreasc!-i progress ive ly during the procc~ s 

uf wil t ing . nut the phenumenon of wilting' is a chain of several stages 
of water deficiency in tissues, which correspond to the physiolog"ical 

states of p lants, as the incipient drying' ( J 4), the temporary wilting, the 
permanent \vi lting (3 , 4) etc . If a g iven state of \vilting is nothing 
Illore t:h~lIl a symptom of ~I definite !-1tate (If the \vate r deficit in tissues 
v f a plant, there Ill ust be a de fini te wate r content of tissues correspond­
ing to this ~tate of wilting Ho wever, to de termine this c.1efinitc water 

(';untcnt experi mentally is very d iffic li lt , unless we Illay catch exactly a 
critical puint in the prugressh'e phase of wilt ing. T he point of so-callt:d 

permanent ,\ ilting in the sense of BR IGGS and SIIA~TZ (3, 4) or the 
crit ical point of wilting of JlitJIosrl pndica in the ~ense of KOKETS[J (9) 
is tilt: only critical stage of wi lting , that h,1."; received attention in the 

literature (22). Another critical point ()f wilting, \\o·bich \ve may point 
ou t, if not so exactly, is the point of the he ginning of visible wilting 
phenomenon in the leaf. A plant nlust contain definite amount of water 

in the kaf tissue "t these tvvo critic il l points of wilting. CALDWELL' S 

work (5) was based 011 this idea and he has proved it c:xperimentally. 

O ur results of experiment on Coleus (Exp. J.) testified further to his 

concl usion. 
The conclusion, that a plant has a definite water content of leaves 

at a ddinite ~ta ge of wi ltillg, doc$ not mea n, hnwcvcr, that this definite 
wate r conte nt is ~pecific for a. g iven plant. The resu lts of the experi-
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ments 2. and 4. on Glycine Soja cultivated in different soils shovved, 

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 unuer 

different soil conditions. This relation is seen most clearly at the point 
of permanent wilting. The same fact is, though somewhat less markedly, 
derived frum the experiments on Co/cus cultivated in soils with dirrerent 

water hultling capacity (Exp 3). The ()ccurencc of the different values 

of water content in question seems therefore to be relate at least partly 

to the difference of the water relation in soils (see 15). Though this 

relation was not directly brought out in our experiment, it was shmvn 
indirectly by the values of water holding- capacity or the 'vater rdaining 

jxnver of the soiLs used. if therefore we use for experiment soils \-vith 

less variation in water relation, the fact above mentioned will come less 

marked. This must be the reason, \vhy we could not find the re­

markable difference in experiments 5, 6 and S. 

On the otber hand, there is an interesting (:tet to be found. In 

Glycine plants tExp. 2, 4 Clnd 6), we see, that the water content at the 
stilge of permanent wilting is the larger, as the \.-vater holding capacity 

of the soil lIsed is higher. On the contrary, the results found in Coleus 

(Exp. 3 and 5) are 'uice 'versa. The reason of this phenomenon is not 

easily analysable. llut we assume, that this vhenOlllcnon has some 
relation to the cIirierence of the xerophytism of plants. If we assume, 

that a rnesophytic plant such as Coleus has small power to derive \-vater 

from soils, while a se:ni xerophytic plant such as GI.J!cinc has larger 

power, then a plant such as Co/titS will fall into the critical state of 

wilting and 'vVill contain less moisture in the leaves, when it is cultivated 

in a soil with higher water holding capacity uut \vith higher resistance 

against the water depriving pmver, the circumstances for a plant such 

as G!;'cine being reversed. Another point of view in this connection is, 

that a xerophitic plant hlS a higher power of adaptation for a soil \vith 
higher resistance against the water depriving pO\vcr and is adapted to 

reserve water in tissues. However the state of things is complicated, 

if we consider the \-vater content of leaves at the critical point of \\riltillg 

of different plants. As it is shO\vn in the tables, the water content 

per unit area of leaves is much higher in the leaves of Coleus 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 

sLlcculent plants. 
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If the water content of leaves decreases lineally during the process 

of wilting, so the day value of the \vater content of leaves at a given 

stage of wilting will be larger than the value for the fullowing night, 
thus the day - night ratio coming larger than the unity. This relation 

might occur, \vhen the desiccating power of air conditions will be 
relatively high. IIO\vever, if a given plant loses its tissue moisture 

relatively slowly, the foliar water content in the day time may be smaller 

than that uf the following night, as is the case in the healthy leaves 

(14). As is kI1O\\-11 (I, I I), the transpiring pO\ver of healthy or wilted 

leaves shows generally a larger value in the day time than at night. 

In other words, the water loss from a leaf b smaller at night. If 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 nlust be smaller than unity. llut the value of this ratio 

\vill 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 uf \vater content of leaves The results obtained 
from the experiment 1. on two varieties uf LO/t'us might represent this 

t vvo probable instances, though there may be other reasons for this state 

of things. In the case of the variegated variety, we ,~ee 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 \\lilting, the fluctuation at the next stage 

uf \vilting becoming once more some\vhat larger. This relation is sho\yn 

clead,Y by the variation of the day- night ratio fur dirlerent stages of 

wilting. This fact is remarkable, if \\'e reflect U[XJn a similar fact found 

in the march of daily variation of transpiring power of a \vilting leaf 

As it was pointed out by BAKKE (I) and K6KETSU (II), the daily 
vari~ltioll of the transpiring IXHvcr of a wilting leaf, which was determined 

by llleans of hygroIJletric papl'f, becomes smaller anrI smaller, as the 
plant becomes morc wilted, until the plant falls into the state of per­

manent wilting. 

On the other hand there is found another point of interest. The 

ratio between the .. ,-ater content at the critical point of \vilting and that 

at the point of full turgidity of leaves seems to have a deep Ineaning 
in itsself. 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 fuund in the two different :;:eries 
of experiment on Glycine, which were based on the area method, (Exp 

2. and 4.), \vere 0.6r and 0.59, the v,tlues being given in the average 
from the values found ill the plants cultivated in different soils. This 

ratio found for the two different varieties of Coleus in the experiment I. 
were 0.91 and 0.88 respectively, \vhile the value obtained in another 
variety of this plant (Exp 5.) was also 0·9!· 

The values of this ratio seems therefure to be defnite for a plant, 

if a plant is cultivated under similar conditions Under different culture 

conditions the values may, however, very 110t a little. The v.dues found 

in the five different individuals of Gl;ycille fluctuated between 0·5 I -0 74 

with. the average o.or in experil1lent 2. and between 0.51 - 0.73 \vith the 
aver;1ge 059 in experiment 4, \vhile the values found in Coleus cultivated 

in four four diffel-cnt soils gave a fluctuation between 0.89 - 0-94 with 
the average 091. In the case of Clj,cine the fluctuation was therefore 

very marked This tlet is without question correlated to the larger 

difference of the nature of the soil 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, therefore, a 

parallelism between the values of the ratio and the values of the \vater 

content uf leave~ at the critical puint of wilting. 
The values in question filr C;/:),cine, which were used for experimellt 

6, \vere found to fluctuate betv,.reen 0.50-053, the average value being· 

0.5 I. The reason \vhy the values found ill this case are relatively 1m\', 

is probably caused principally by the [Let, that the nature of material 
W:1S different and the plants were cultivated In the soils with relatively 

low values of water holding capacity. 
For the cOI1.",ideration uf the \vater content uf leclvcs the valL1~s ub­

tained by the area method \vcre adopted principally, because this 
method of indication \vas con~iclercd as theoretically the most reasclldble 

methud for our casco But in sllch a ph.nt as i~1ilJlosa it is nearly im­

possible to employ this method for the detcfmil1d.tion of foliar water 

content. To consider the relatiun in question by the values obtained 

by the dry weight method and the pO\vder method, it was ~)uncl in the 

experiment 7. of this plant, that the ratio between the values fur the 

water contents at the criticial point of wilting and of full turgidity is 

0.53, the values obtained by the two different methods being the saine. 
The values for D(ycine which were found in the experiment o. by these 

two methods, were 0.54 and 0.52 respectively, \vhiJe the value obtained 
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uy LIte area method \\'as 0.5 r as ;d ready mentioned. That is to say, 
the values obtained by the dry weight o r the powder method brought 

similar results, as in tbe case of area melitud. 

In comparing the values of ra tio obl<lined in i1limosa and G'lycine, 

we sec at a glance, that the vaill efi ille very similar to each uther. 
Uut we must beJ.r in mind in this C.:ltiC, that the methods of detennina­

tiun of t he critical p()int of wil ting were diffe rent, BRIGGS and SHAl"HZ' 

Illctbl.ld fu r the latter and KOJZETSC'S Ill cll10d for thc former being used. 
Mvreover the manner of gathering lIlatcrbls f0 J' experi ment \\": lS Jifferent. 
Il o \u:ver it Ill ay be asslimed , at least, that the values in question for 

thc.-ic h H ) plants will be nea r tu eac h other. In experiment K, whe re 

the critical puint of wilting was determi ned in the leaves on the detached 
l..)[·<l nc lles of J1imosa, the values in queslion came to lig ht somcwh _l t 

lower than in the case of experiment 7., where the roott:d plants were 
e111phlyed fo r expcrimcnt. The rea~on n( th is differellce may be caused, 
as i:i a lready discussed, pl-;"ncip.:1JJy hy the dift,:rf: ncc of tc.'iting methud ... . 

Thus the critical fo!iar water content of a plant may come to light 
ill the (;ifferenl values, ;:l(c()rding to t he difTerence not only of the cul­

tun',: conditions Gut also uf the test ing method. Therefore, if we hope 
to compare tl1(; water relatiuns of different pbnls, we must te :-;t with 
the sam e method and with Inaterials cultured unuer the san,e condit ions. 
0 11 the other hand \ve must employ the reasonab le mcthuJs of (:ctcl'­

lll inat iVI1 of water content fiJr a give n case In o ur case it is beyond 
q uestiun, that the fresh weight melhod of de termination is least applicable. 
As regarus the o ry weight Illethod, it wjJJ tht:oretkally bring reasonable 

resu lts in some limit ed cases, where the cuntent of the dry matter in 

leaves is bu t slig htly variable . Bllt. in ~uch a ca~c, \",here the dry 
~lIb.st ance varies not a little durin g the experiment, this method a lso is 

not applicable. Thus in many cases in Oll r exp~ rilllellt the resu lts ob­
ta ined by th is method appeared as in point of fact less reasonable, than 
in the ca~e of area method. Therefore ou r consideration on the water 
rcla tiun ill question ,vas Lased prillcipally on the results obtained by 
th~ arca method. \Vhen this method was not applicable, we \vere 

obliged tt) depend upon other IT:: et hods. KOKET5C'S p()\vder method 

(8 , 10) was illtroduced here as a theoretically reasonable method and 
proved an applicable method in this case. 

I .ook ing back upon the walt;r re lat ion of plants as related to the 

wi lt ing once more, we Inay derive a po in t o f interest from the <lata 
obtained in our expe rime nts un d ifferent plants The water resid lle in 
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the leaf at the critical puint of wilting is, velY different in the different 
plants. This critical water residue given by the ratio to the \vater 

content at the full turgidity is very high in Coleus in comparing with 
that of Glycine plants, \vhile this value for .3fzmosa is rather similar to 

that of Glycine. In other wurds Coleus plants lose the relatively small 
amount of their f~Jli,ir moisture, before they fall into the critical state 
of \vilting. The degree of the water loss seems in this connection to 

be an index shO\ving the degree of the resistance of a phnt to 
wilting. The higher is the ratio in questioll, the less xerophytic might 
a plant be This conclusion agrees clu.'3ely with the rVIAxnlOw's ·words: 
" Xerophytes can endure without injury a greater 10:-3s of water tIun 

mesophytes" (20) 

V. SU:.1.1MAKY 

[. The varbtion of the foliar water content as related to the \vilting 

of plants was studied by determining the water content at thc critical 

stages of wilting of leaves, Coleus Blumci, Gl;ycine Sq/a and 3:fimosa 

pudica being used a:-3 the materials for experiments. 

2. As the index to show the \vater content of leaves, 110t only its 

IJefccntagc values un the basis of the fresh and elry \\'eight also the 

amount contained in the unit area of the ledf \vere cleterminecl. The 

content per unit voluilic of the tissuc powder was also attributkely 

detenllined. llowever, it "vas proved, that the area method \vas pre-

[crable to the percentage liiethucls The considelatiun of results \vas 

made therefore principally on the values obtained by this method. But 

in the case of 31iJllosa, where this method was impracticable, tbe values 

obtained oy the dry \veight method was applied. The powder method 

was also proved to be a good applicable one. 

3. The water contcnt 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 'vater holding capacity of culture soils, the larger was the 

critical waler content of leaves of Glyciue, while the results found in 

Coleus ,vere the opposite This reLttion \vas assumed by the '''Titer to 

luvc some be::uing on the xerophytic nature of plants. 

4 The \vater content of leaves at the criticotl wilting point of 

different 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 othe r. The value of this ratio 
was found much higher in Coitus than in the other two materials, while 
the values for these latter t\vu were near to each other. 

5. The ratio in question seemed moreover to be specific to a given 
p lant , and to show the degree of the resisting power of a plant to 
wil t ing. The value of this ratio mi ght be, therefore, an index to com­
pare the degree of the xe rophytism of plants, the more xerophytic 
being a plant, the lowe r is the value. 
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