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VARIATIO;\ OF THE TRANSPIRI NG PUlVER OF H :AVES 
AS ./(ELATED TO THE W ILTING OF PLANTS" 

Riic hiro K OKETE:li 

I. J !\TRODUCTIOX 

Since L IV J:WiST O:-\ ( IS) made it possihle, to fi nd out the inde x o f 

the transpiring puwer or the Icaf surflcc by I1lC:l S llriT1~ the relat ive 

tr:lIlsl'iratiOIl:11 W:l t e r lo ss frolll ICil f SLllflc.e ;j'-; con l p . lr(~ d wiLli the wate r 

lnss rrom ~n ll1 C stan<i.m::,d eV: lJ JO ral ing Sllrf:ICC, our k l1()w ledge of the 

transpir:ltinn;11 phenomenon r: l the leaf has madc J. grcat :ldvanc t;, 

especially in rcg:lrd to its v;lri:ttio ll as inflllcncecl hy the intcnLlI ~LIld 

external contiiliuns pC plants. On the uther hand, our knowled ge 

cOllcc1'I1 ing the be havior of wilting- p Li nts and its relation t () t he (;11-

v irulllllcnt hJ !=> been rccently enlarged by a g reat IlLllllue r of stL ld ies. 

A s a LLl;lUer \ l course the \·ilrbt ion (l the fuli:1r tr.:l nspiring p0we r ( ,f 

wilti ng plants , which i ..:. de.J.l t \\,ith in this p.lpcr, ha~ al re; l/ ly bee ll 

studied by some invest ig:ltors. Amu ng others, BAKKE'S work.., (2, 3) 
are Valll:1ble contributions. \Vhen he stl1died in fIdiml//ms (f1!JllIS the 

variation of th e [oJi;!r tran spiring- po wer as n~lat e( l to the wilting, he 

was able to di:>co\'cr <1 c rit ic:" stat e (If wilting, w he re t ilL" power shows 

very l i ttle n uc Lll il tio n . lIe ,-;aw :'Ibn a rCII1:.rka(,lc plwJlo llleno n in t he 

uproote d ""pecimcn <.;, namely th,l t the t r:1I1 "p iring powe r of le:lVf's, whiel. 

decreases with the vrogre~.., ()f wilti ng, inc reases ~!g;ti n so mewhat at ;J 

1) Cunlrii)uLitlr1S from tllf~ Hulatli c.tl La[,o l·il l( lry, Kyu-ihu Im perial Ulli Vl~rs ity No 12 
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point, where the plant is probably falIen into the critical state of wilt­

ing' . This c ritical .st<1tc ('If wilting he ascl: rt J incd to be approx imately 

the same as the point of so-c;)lIcd permanent willing (5 , G, 7, 9, ::m). 
T IlLI S the studies on the va'riatinn of tbe transpiring- power of leaves 

relating to the wilting of plants have becoll'1t.: very interesting, especially 

as we hope further to <li~:covc r what relatio n exists between this 
pheno1l1eno n of plant..:.; i1 nd the lIatu re of s(l il s. The present p;}pc r is 

to de:.1 with th is pha<;c <l the q uestion and is based on the resu lts of 

work, \\' hich was done during- 19 19-1920 in tile Plant Physiqlogical 
r .aboratory <l J O hllS 110pkill 'i University. The ,,,ritcr (lcsire.'i 11ere to 

express hi.':i gratitude to the director of the labo ratory, Professll r B. E. 
LTVJN(; ST()~ , for his kindn csfl in permitting- the writer to use th~ f.l(,; i1it· i e~ • 

• md eq uipl'l'l cnt of the Iab('l/'atory so freely, and fi)r the lll:tny helpfu l 
suggestions given thrllout the progress of this wOl'k . 

II. MATE RIAL Al\: 1J METHOD 

The pbnts used in this work \Vc re COlt'lfS (C blmllf'i), wheat ern'­
ficm!! 7m/gaJ"{,) , and soy-be:1Il ((;I.ycill{, S(V~l) . Thc (-:O!ClIS plants were 
transplanh·:d fro~n the cult!ll'c pots, ·where they had been ralsed from 
c liltil1 g~ , to Hng-lased pots, y em. in diameter, which eont~li ncd the 
vario lls kirl\b o f soil tl seu. A ntr they Iud hecome well rooted, they 
were !lsed foliO e~peri1l1cnta ti()n . The wlu:a t .1. lld sf)y-hean plants w<; re 

g-ro\\, 11 from seeds in silllibr experimental pots. 

TJ1ree kinds of soil \\' l.:l'e used: sand, loam and humus; and Iline 

mixtures were lllade by l1 sing t wo ~oils in eac h mixture, in the vo lu ~ 

metric proportions of I: 3, 2: 2 and 3:.\ . Thus including the three 
constituent so il s, there were twe lve kinds (l suil for the experime nts . 

The water ho lding capaci ty of each soil was then dekrminec1, 1 ht~ 

method o f HI LGAI{ I) ( I I ) udng lIsed, by means of a pall 1 e m. high 
and of 100 C.c. capacity. Two IJJrallei detennill:lti() l1 s were made on 
c:1ch kind of s()i l, an(l Ille r l:Sl1It.1nt average va lue \V a~~ ad()ptcdo Deter­

milled ill thi., W;\y the wal er holding cap'lc ily \V.1 ~; given in pl'fCent ages 

Oil the basi.'i of the (well-dry \'o lulllc. as well as on the b~lSi s of tile 

oven Lhy weight (Tab . I). The soils and the plants planted therein 

were numbered accord ing to the value of tile wate r holding capacity 

0 11 the former bas is. 

All pbnts were cu lti \"a t"ed in the green ho use, and wate red every 

morn ing-, the pots cOllt;lining the plants being placed in wooden boxts 
fill ed wit Ii wet sand. \Vllen it was desired that the plants shou ld wi lt 



Variation of the Transpiring Power of Leaves 243 

for the experiment, they \,>'ere transfered into another Lox filled with 

dry sand, the greater part of each pot being buried in sancI f<,r the 

purpose of protecting the plants fruill too Llpid progres~; of wilting. 

The plants were also protected ii-OIn direct sunlight for the same 
reason. 

rat., 1. \Yater \wlding clp:1city of the soil ;lnd its llI()i~ll1rc rcsiduc :It the nitie:ll poillt 

(,f wilting- of planls mulcd therein 

Soil 
number 

, 
3 

-I 

5 
6 

., 

') 

w 

" 
U 

S 

\Vater huhl capaclty 
CfJllstitllt)Ull 

of soils 

S 

S3 l., 

S2-I,2 

SI-l..) 

S..;-lh 

L 

1.3- 111 

Sz-lIC! 

L::: Ib 

::-;l-ITJ 
1,1 IfJ 
II 

V"lllilletric 

40 .7 
43.0 

45·S 

50 .7 
55·7 
57·[ 
(l7.) 

71.1 

7~}·5 

31.4 

36.5 
103. 1 

.~ .. --
Sand, L.l .oam, l! I fUlllUS. 

''::o.() 

~p.S 

37.0 

43·G 

4]·9 

S(,.B 

70 .3 
6·f.4 

9 0 •11 

<)1.0 

114.0 

140 .5 

Soil 1ilui~hlre re"iduc 
Vf'\ltlnctric 

C',>l'l/I' \\'lwal 

~·3 I,ll 

'·S 2·5 
6.1 5,0 
li.f) 6.2 

I [.~~ 7.6 

13. 1 ()·3 

IS.5 Itq 

;:!:'.'} J 7.5 
2(;.7 ~3·2 

.\0;2 2:;·7 
33.'2 .p.i) 
4[;.g 4(,.2 

Gr;J.\'imdric 
CO/t'IIT \Ylwal 

'4 '.0 

L7 1.7 
4.') 3·7 
7·:; 4·7 
;;.'1 5-l 

10·4 ).4 

17.() I S.S 
1'1.1} 1:).<) 

:cS.:~ '·~4.7 

3.:':·1 2);.0 

40.1 39·7 
70 .7 S ~;. [ 

Plants Lhus treated usu;dly wilted rather slmvl)!. If it was neces­

sary, however, to hasten the wilting pr()ce~s of the phnts, the larger 

part of the surface of the pot.'-i was left utlc()ven.:d ,HId ex.p(l~cd to the 

air. If sume retardation of the wil1ing process seemed to be lleCl~-"S;U]/, 

the plants \\'el-e surrounded with a tall paper cylinder. Dy such 

methods, the 'vvriter was able to have phlnts wilted 10 :-tn approximately 

c(lual degree f(lr testing, at a definite h01l1" each day. N () rneans of 

preventing- the eva_poratiun (If moi"ture [rum the sur(tec of the pots and 

soils were tried in these experiments. 

For the determination of the folbr transpiring power, LIVfKGSTO.:\·'s 

method of studying the relative transpiring power of leaves by mc:-tlls 

of stanJanJi7.cd hygrometric paper (I), I) \vas adupted; bllt the illi' 

proved method of LrVIi\GSTO.:\'" and Srrrmn: (10) -was generally employed. 

The time-period required [or the color change of hygrometric papers 

not only upon the leaf surface but also upon the stamlared cvaporat-ing 

surface at any given tcmpcraturc \vas reduced as a rille to the t11eon:­

tically required time at 20°C. In this case the L1blc ~iven ill the page 

305 of Ln'l)!CSTON and SIll<EVE'S papel" (16) wac:, lIsed [or the cal-
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culatiol1 of the time required. The reduced time-period f()f c;tell 

hygrolnetric paper siip both upon the st:lIldani CV:lp()r:tting' slIrlJCc T 
and upon the leaf surface t being thus calcul:tt(~d, the index of the 

n:/;ltive tr;lI1spiring pmver for (':tcll leaf test Ilpcn a given leaf Ivas easily 

tu be found from the ratio 7/L. 

In order to study the bchadur 

to know that of healthy pbnts. 

of wilting plant, it i.s hr."t IlC;T::;SJr)-' 

Therefore the wrikr examined the 

transpiring power (l leaves in healthy stJ.te for e:1c11 llutnidl Il';('d, :lIld 

tlwn that during the wilting procc<;<;. 

The variation of the foliar transpiring power of p1:mts during the 

process of \vilting was considered fl"OIll the two \>(linl.'.; of vicu', llUllci}' 

tIle variation of the transpiring power itself, and tIl(: \":lriati(lll nf tlk 

atllpiillH.i(~ uf the CLllly (illctllilUon or the "(hy-night Llli,) ()r 1111."; 

pUlVer. But in the largc part::; of the experimcnts, the lJelnviclr of the 

jJLnh at or near the time of permanent \vilting \vas given prillur:y 

consic]cratioll. 

The permanent wilting (If the plants \Vas delerlllinc(l hy ;Il)l)lyjll~~ 

the HI\.J(~GS ,\!lel SIIAvrz's mdhod modi fled by SHIVE and Lln;-;GCiTOi\ 

(20). .:VJany preliminary experiments were llnclcrtaken tu become fltlliliar 

with the critical state of wilting in the plants. Thus the writer \,.,as 

able to jlldge the time (jf permanent wilting for CJch plant with felv 

rni,:,t:tkcs. \Vhcll a plant tested at a snppcL'-;ec1ly nit-ied <leg-ree of wilt­

illg rCUtVlTed it.:; turgidity in the illuist ch:llllber fur test, further h->4s 

,vcre perf.m11cci. 

The w;lter content of the sc)iis at the point of penl1:111clli wilting 

of the pbnf runted therc1n was also determined for the puq)(I."C (!f 

judging the water rclatiun between the soil and plant at the critical 

puinl. 

iII. EXPEI<.I~fE~TS 

J. C'o/ells, rooted 

The ("u/OIS plant.e; lIser 1 ill thi" experiment were a type cof 1\T cn­

dcli:ill llyhrid, which had p:t1c yellen.\" leave.;. Each phnl k1d G or I 

p:lirs (J lcaves. T'welve plants were u:"ed for experiment, c;lCh (\f which 

was culti\'ated 1!l a different sui1. As is known, the :f;diar tran';piring 

p.l,,\·f·r of plants uC;llal!y shows ;1 con~iderable fJuctllatioll dllring' nw 
(tlY. As to the COif.'lIS pbnts it was a.scertaincd b}' the writer (13), 

that the \·,triaticoll of transpiration on the healthy k3ve.s IS cansul 

principally by the function of stomata and the age of lcan.-'s. In this 
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u lIlllcd iPll the lea f h~sts were done fI nly lI l)( II1 lhe leaves, which w(; re 

Ci flllpk,tdy t) r ne, l rly compktdy dev(~ l oped, thei r IInder surface, (,n 

wh idl nl;LllY :·,lU1l'laL{ arc si tH<ttcu, a lullc bt: ill g- te:-itcd. 

A ft e r tlt t: pro.:.:lilIlindry 'I/ork the hig hest valu e (ff the f()Ji;u trans­

pirill b' pn\\·e r I)f C~)/clfS pLHlt.'.;, which WilS de tertllill(:d on the under 

~'l llf~ I I..:C ,l lcavl:s, was futlnd at afte rll(j(JIl and t11t: lu\\'cst at the nig-llt. 

Th~rd(f rc t h~ leaf tests were tried t wo times a day, nanlc:ly fir:-; t during­

the pe ri od 15:30- 1(, :30 and ~eL":()nd d uring" :?3-:?3, fo r t he J )LltVo:-c h ) 

kl le')\\" the ,ullplitudc of variation or tht:: t ran :-.piring power. 

T lm:c ka \ I.:S a rranged in slIcccssion in di ffcn:nt nodes \\'cn~ tc ..... tcd 

in c.leh ),1. 111[, une lest being " ,,"k O il each lear a[ cach peri. ,d. T he 

" Ll llt ... \n.rc \\"a te rt:d ~tb ll ndantly 0 11 the IlH/min!::" o f the day they were 

kslt'd . Tht.: ;r\ (: ra~c value of till: ind ices o f the fo lhtr tran . ..;pirin g- p1l\\cr 

f(I IIIII.I hy thrt.:c t(::--. t .... at caclt tes t pe ril)d :md the r .l t ios betweell Lh~:111 

W(:n..: c~l ku l.llt.:d (Tab . 2) . Thi~ ralil) 1..11" .. d ay-nigh t ratio" i . .., nOLhing 

e lse 11 1; Ul the , ·a li l!.:, whic ll inoicates ti le (kgrcc (.I f ti le n ut.: tuatio ll of t he 

trall>·pirill g· [lower. 

Tltu~ :1 1\~ Ltt i\'cly high va lue nf tran :-. pirill g Vo\\,cr in the day-til tle 
W i t.., rUll ll d In tlte plants c1!lti vated in the ~( ,i ls with luwer water huldin l~ 

CdP u; ily. \\ hile the value found ill the p lants 1'1 <Ultc;1 in the soib witli 
highcr walcr ltuldillg- po\\/c r was Illuc h lower. O n the (,tlll:r /t;md, t h.1.: 

tr.ll ispirill l:;· I'o\\'(:r ~It nig-Irt pruved tu be less v: triablc in thl.: di ffere nt 

pbllls. i\I1 (Olhc r pI lint o f int(" l"t!st W:1S t ltal the" day- night ral i(l" f{lr 

the pl.tJI1 " ( Jf t lte former grouJi wa~, hi~her t ha ll t he ull ity as the nl;llkr 

I lf CWIISC , !Jl1t t he r;it io for the latter \\' ~t S u ~u.·dl y less th,l11 t h,-' un ity. 

\ Vc 1l 1,ly .'"i;IY, tl tCfcf(J re , t hat tl,c Cvlt'/I.\" Idd l1 1:; ~tll'pl icd wjth too Ill IH.: b 

\\". Ite r 1Il the suit H'itlt Ii i!:!" water hu lding" capac it y. have less t rans­

pir.ltiu nal activ iLy at (by-timc and shl/w an unusua l c lra r;1c!cr in (J uc­

tU:lt io ll . I-\S;1 ca us,rl ractor fi)r this p h':llf} llle nUIl wc m, IY pe rh;lps 

(lu int uu t the Ics!)c r acr.Jtinn in thc soil. 

CI.l ll ,+idt:r~t\ioll must llext be g ive n to th r..: behavior of the pLtnts on 
t ile day bt:fun . .: the day of pC nll <llU:.: nt \\'ilti nlj. Tn t lli s Case two \c:lVCS 

ill !..::tc 1i plant wcrc tested. The !caf tests \vt re pcr/() l"incd in the day 

preccc.l il1 g" \ he uue, on which thc tcsteLl pbnl~ wc.: re Stlpp()scd tl) beculllc 

I'c rm :lllclltiy wilted. If a plant did not CU!lH': tu the statc fl f permancnt 

wi ltillg o il tile lIe xt day, the ledf tes ts WtTe continued on s u ccc.<-,S[ VC 

day:.; , ull til t ltt: c i-itica l Jay ;l lTivcd . 

t )n the Ill.:xt d;Wl un which the p la nt s fe ll ' in tu the s tate of pcr­

IIl:.1 l1 el1t w ilt i llf,!, t he kaf k :-its flJ r ti le day-time \\" t:rc lIladc . and then 
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;) s.1l1lple of soil (alluut 5 c.t:.) wa.';' ta k<.:n from e:Kh pot by means of 

corkbo ["c r. for the purpo :~t.! () f ddcrrnining the \yatcr cont(::nt of the soil. 

l\ g lass tube, which \V a.'; just large l.'11 (}ug h t0 fit the hole left by the 

withdrawal of the sample, \vas placed in the hule to prevent the drying 

of the soil. Then the plants \I/I,;\'(':: put into a moist chamber for 24 

hours. ..All the plants did not recover thei r turgidity as was expected .. 

F rom the ind ices found n n t wo sllccessive days, narnely on the 

c rilical day and tile (by pn~viOll .c; ) the wri te r could :~cc the.; facts , that 

the val\le itself o f tile.; indices for the wilted plants came generally 

IlI lIc h IIHvc r than that of the tllrg id pl.mts, and that it J ccreased pl"O' 

g ressively u lltil it reac hed ib minimal va llie at tile c ritic;]1 state {Or 
wilti ll~. T hc da ily Jludll<t Li(}u of the transpiring power hecame Ic s~ 

in t "~ \V !lting pl.lIlt~ , I hl: "r1.ty-n ig'ht u ti,, " c()nJln:.o~ nea r to unity 

(T.II>. 0) 
O n t be otlle r h;md , it \\".IS rc markab lt:, t bat the minimal v.due 

found in c.Kh plant. :it tile c ritical sL lt e ... l wilting came very sim ilar b, 

L: Vl:ry other.. TLc v;;ri"tin ll Iji" L hc~jc l: ri tical v,ilue:~ \". ' <1 :; namely fro m 

0.0 140 to 0.0291, average valuc being 0.0 19 7. 

2. Col eus , rooted 

111 this scncs of experim ent it v~J ridy of CU/f/{S plant s , \vhich has 

pa b..: ycl k )\v lc;I\"cs wi th a purple culo rc:d C('n t r ~l l pf) rtion, W :IS employed . 

In fhi :, Case elevc!! 1'1.1 Ilts 1" ..... Tt: !I"cd, <.:ach (,f wl lic h \vas cult i\r;tkd jn 

a c1 irfen :1lt soil , excqlting thc 10; 11 11 2 - h uulII!j J mi xtu re, in which the 

plant d in!. 

ExperillJents wcre donc i ll eac h plant at three different s tates of 

\\""ilt ing-, i C. when slig htly \\' il t..:d , at the s tatL of pe rmanenl wi lting . and 

\\' h~n cOlllp letely wilted The tc sl.., or th t: th ird ~t:lte of wil ti ll ~ were 

lIIad e Oil the day follu willg l it<: Olle , during- which the plants were 

c.: ncloscd ill the muist ch;.lIl1 !Jc r 1';')1' d ett.: rlllining tht:: p Cflll;[n cnt \\'i1ting .. 

1" 0 1' eJ.ch plant three leave.'i a rranged in .'3 llcc es~ivc ncxles of the ~t cm 

\vcn.: tested on their under s urface (li lly , twice a d ay I.3:30-10: 30 LInd 

22 23. 

Considerillg fir:-;t the "dJ.Y· lI ighL 

that tbe l"lt ius fOllnd nn the day on 

r~lti!) " of the indices, it was seen, 

v,,·hich 

a nd on th e day fi,Uowin;; we re in l11 l)st 

l>crmancnt wilting occurred 

cases very near to unity. 

I knee \\'c lliay s:ty tInt thc iluctua tion of the fv lia r t ranspi ring- 1>00\'c r 

"r this plant at or ncar the :-;Llte of pCfln,\ IlCllt wilting is less v~triab l e 

th:1Il th;lt (If Lh~ heal thy or slig-htly wi lle d plants (Tab . 3). 



T:J.b. , Jud ices of tilt: foli:-tt I T31 1SllJ r ing pvwer of hc:lI thy and wi lted Ollr:us plams 

Number or Indices fo' pl:mts " thc d:1.y Jmlices fM plan!!' " the day Crilical 
J{elative va lue 

plants al\d lnd ices for healthy p lant!; at befo re lhe d :w of permanent of permanen l wilt ing ., IIld ices 
of the critica.l 

soils wihi(,g '1 ind ices 

15;30-
2:!.::q R,d/v 15:3')- 2::::-:::3 l ,'a/ill I 5:,}:)-

~ "2 -~3 Nati.:: 
16:30 [6:.; ) 16:30 

.13'4 .'Jll,;3 :1. I).,Y .-:135 2 .0291 1 .21 .03':9 (.03,36) o .~' .O:!Y l I.4S 

2 . 1340 .0635 ;:.I I .OZ;I) .0255 I .O} .0176 (.03]0) 0..53 .0 176 0.8e) 

3 ·::: ::!43 .'}<)45 ;:·37 .0,3 t4 .0 :::41 I ·3<) . 0 179 (.")299) 0.60 .OI,Y 0 .9 1 

4 .1559 .oil3:) 1 • .1'.)' .02:::7 .0169 I •. ,", .021 3 (.oIG6) I _f5 .0169 o.So 

.I;OJ .0S:!:! 2.20 .0.100 .0 '':')4- 1.02 . 01 56 (.0::::::3) 0.70 .0 156 0.79 

I) .14 ;:J .0:':;°3 1 . • '0' .0:::57 ,a243 I . O!) .034:"; (.04'3) a.S;} .0 24-3 1,23 

i ·°51)0 .Olj 1:'; 0 .('-/ .0209 .0265 1.09 .no')\}*" (:.)::::')(1) 0 .... r5 .o~t15 1.35 

S . 1 ::: -\4 .0 ::';3 .::- '4' .',) J ~4* .02j ' o.So ,0216 (.oJ!):!) 1.13 .0 '; 16 1. 10 

Y ·';1435 :.)6-t6 0.07 .~ 1 .) 1 * .'): -t.3 ('.·12 .0140 (,OI=J) I .O) .0 140 0.7 1 

10 .0;:;::;7 .og:!4 0 .Q6 .,) l~ :;"" .o26!,) 0 .46 ,0 1 72 (.01;; I) '.~u ,0 172 0.87 

II '0'-'~;4 .°.iofo o.¢ .0~5:! .02J,") J .05 .015; (.03" ) O··N .0157 o .Go 

12 .":)-t~ :! .°5"':1 oS,,' .')~ ':: j .0273 I.(~ .019 9 (.01:';:';) 1.(16 .0 199 l.0! 

Average .1 [oJ:! .0750 .. ·5o? ,o:'li .oz5 1 ('..<}S' .0 11)9 (.0253) (J·7t) . 0197 

T he indices at the t est per iod 2::- 2:3 of the (by of permanent "' ih illg do not come into consideration, because tllc test materia.i 

a l lhis lime W .J.;; injnrc(l by tht: Kilhura\\"aJ of the :.o il :'!itmplc fur the determination of the w;ll~r residue in t he so iL 

' i- Qucstio tl:1blc nllucs: In the cflse, where the in\lict:s indicated by an aslcri~k in tht: TallIe wert: obtaineil , t he a ir tempera­

Ime (Of llw gn:cn lll);]St, wa~ Ull\lSUi1lly hig h . The tempe rature ill tIl e grecn- house during the cours!; of the experiment f:l.llged 

from fl ce to :::::: ::C, but in this C :1.~C the :'lit t emre t:ltl1rt~ waS 2:7-2S(C All the d:'ly. t imc indices found in lhi ~ case werc un­

expectedly Yer)' low. Therefore th ()~e indice1i are lefl. :lS doubtful resul ts, bccaus~ the writer questiuns whether the procedure u~ed 

for calcullt ing the yulue of itl(li ce~ may Uo.: "-!lpl i!,;( l w ilil(nlt correction in a Case, where the ext remely wil ted leaves were ksted 

in s\1ch high a ir tempcrature. 



T~I) Var i,,! ion pr Ihe Ind!ce~ pf lhe h1:;l.f lrall.~plr!llg P OWI.'" nf C','/ 'II; pl'l ll! S rlLH!Il g- Ihe pr<KC~:-; 

nf \\'ill ing-

;\umbcr of 
1!H !Je-es for s:i;..: h <. ly wIlled ludlr e .... fOl pbnlj at rhe: 

[ ud!c<-:, j",)r pbn l.~ .1 fl e .. t l' r \...:n tl~, :tl 
H.d~ !i\·c \' ,Ilu<: 

p lants a nd 
p Crhl:lUel :t d.:ly (.f p CJ:mnnClli of the cntlcn l 

:-;uil:-; planu. Ol wilting " wiltin~ " 
lIldl.,;e,""> 

i lld i~c ., 

15:3°' R.-/!i, ' 
I 3:3 ~ R 'l /i, IS: .P· R,i/I,' 

1(1:3:) ~'= ·:': 3 16:p . . :::.; 11:):3) '::::;':; .. i 

·'J.ll Y .'.)3:': () '! -<f \' ,0273 '-""> 3 )3 " .".J') lJ2 i~; .~):!ii3 I.Of, .' )27 .i 1.:'::': 

, .(')~, . .;':; 1(, 1.2_; .': ,21/, .0269 I . I<~ .<)J:;) '-'3'7 1 .,1. 1 .n: ul) J.~:) 

.l .0 : $4 ''-'::55 1.11 ,02 53 .')275 (1 " .:2 ,'.lS I .0J,:)') I.l f ,') .! 5 .. i J.T ] 

4 ,O :~3 .0':41 1.17 ,0206 O:':'.lI (J ·7I ,:u5 'J ,'):.:69 0.,/' . '),=OU ,) .').= 

::J.M) .Oj~l .! f.l y , ~' J .!3 .0283 J . r i .0:-);:; ." ::: ) 7 (l")i .:) .=1-;:; l .-.!U 

" .O: GI .;) 194 r../5 .... ! .!() I . 0 2 1 I 1. 3-1 .0:.')"; .0_; 13 ('·.)5 .O.! II 0 .)4 

/:>46.: ")3 ~;I.j 1.1) .':l.I- .!J .o~[ S 1.02 ,0163 .'Jl '::''l 0 .S 2 . ) I f)3 0·7,; 

,'Jj Oj .J4 :-<'1 1.2.,' .0'::'1 .. ; .'->2 79 I. l)j' ,0163 .')2)4 oj'" .or 6', 0.7 .) 

y 

'" .o46S /).106 1.21 ,02 19 .0:':~1~ /1· ~3 . ,) Z :::h . '.) 2 1,:) 1.05 .O.! I ') 0.9'; 

" .')322 /):':1 .; 1.5 1 .0 1',1 1" })1 ') r (".p' ,0185 .')2,) ,) {l,S"j .,)1 S5 0);3 

12 '"'4G1 .0:;('':: 1.27 ,().!:..! .i . 0 243 I .,r· .03 7') .0.U' I.li .':;"1143 1.,)8 

An:rag:e .O:/j7 .'3 .. )1 i 1 ,22 .ozGu : ).! 7:..i IJ.,;" .01.:)5 .'J z 6G 1.(10 ,O214 

.;;. (..!I!(,~I iO!l :1bl e \:t lt;c~ (sec t:lble 2) 
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A s regards the variation of the indices themselves, the fact was here 

again to be ~een, that the values in question become generally smallest 
at or ncar the point of permanent wilting. \Vc may say, therefore, 

that the indices beco!nc progrcs.'5ively smaller as wilting proceeds, and 
after their value reached the etitical point, once l11{)re higher though 
bllt slightly. 

The critical inJcx found III cdch plant cam e again v(;ry similar tu 

the average , as was the case It1 the prccceding experiment. 

3. Wheat, nHlted 

\V/lcat plants 5 -7 weeks uld were lIsed in this experiment se ries. 
In this case four stages of pla nts were! studied, namely the stage of 
healthy state, slig ht ly wi lted, of pennant:nt wilt ing- and over-wilted. 

After the 1eaf tests were performcu on t.he day of permanent wilting. 
the water residue in the soi! , in \ .... hich each plant was rooted, was 
dc:..:tcrmincd by the S;:lIllC proc<:t..lllre as in the case of the experiment 

!'c ric~ 1. Then the plants were ellclo!'cd in a mobt chamber for 24 

hours for the test of permanent. wi lting . O n the next day, the leaf 
test.s wcre again tried for the plants, which were now in the state of 
over-wilting. 

Twelve plants cultil/ated in different soil s were tested in the state 

of permanent \'lilting, but in tile other three ~t'ltes only 6 plants, 
whic h were gTo wn in the !:iand, loam, humus and mixtures cotnIX)sc:d 
of equal part~ of each of two of these soil :;:. 

There \,·cre three plants in each pot, but only one of them was 

tested and on its two mo!;t highly developed leaves. The leaf tests 
were made on thei r upper slIrf<lce only, because it had been shown by 

a preliminary experiment , that the daily Auctuation of the foliar tran­
~ pl1"!ng pow<.:r of wheat is m uch higher on the upper surface of the 

leaves tlian on the lower (Tab. 4) . 

·l·ab. • Daily lluctualiolJ of the fol i;1T tran:.piring l)1)wer of whl'at ill the healthy .:::tatc 

()b~cn'ed \' 8. lu(:,,: 
Values, when the minimal 

lalH' n " the unity 

Tesl pe riods: 10· 1 I 1 3- 14 16-1 i ::::::-:!3 t o - II 1]-14 16·} 7 22-:!3 

Ind ices fu r 
tlJlpt:T !-iUrrat:t' ; 1.1 ~~i 2 .y22 1 ."117 O. i~:~ 1.5 1 3.71 1.54 1.00 

I ndices fttr 
lowcr surrace : 0· S3~; I .oio 0.557 0·5,)6 1.00 1.99 1.04 l .lI 

"\\'c ragt:; 0.~6J 1.1)1)6 o;:a.l7 0 .l19 2 f ;25 2.88 r.:::G <.00 
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According to this preliminary rc..-earch the highest value of indices 

was filUnd at the period '3-14 and the lowest at 22-23. Therefore 
these two periods 'vvere adopted as the test time fix the subsequent 

experiments. 
The \vhcat plants grew very well, wh<.:n they were cultivated in 

humus, sand - humus and loam - humus mixtures, wldle those in sanel, 

loam and sand -loam mixtures showed less grov,th. \Vhether this [Jet 

is due to physic.]! of nutritive propertic.s uf the soil is an un.solved 

question But there was no noticeable difference in the transpiration,!l 
action on all tested plants, when the soils were abundantly watered. 

]\." amely in the healthy state all of six plants showell high value of 
index and abo \-vide amplituJc of its t1uctuation; oniy the piant grown 

in loam showing somewhat 100ver value (Tab. 5). 
The transpiring p<)v,rer became, however, progressively lmver, as 

the plants fell into the state of wilting and shovved a tem;ency to 
increase somewhat, after it had reached its minimal value at the time of 

permancnt wilting. The indices u)lllld on the day of over-\vilting \vere 

generally much lower than that of the day of permanent wilting as a 

matter of course, because the leaves tested in this state were already 
in drying phase. 

Taking this minimal value as the index of the critical state of 

\vilting, it "vas seen, that all plants tested Iud very similar transpiring 

powcr at this point, the index varying from 00100 to 00195 and average 

value being o.or 30 (Tab. 5). As regards the "day night ratio" it 

became much smaller in the "vilting plants than in the hCllty. But it 

came generally under unity on the phase of permanent wilting or ()ver­

wilted, since the night-index became higher than the day-index. 

4· Soy-bean, rooted 

A variety of ,Soy bean lldrll(;d "\Vilson" was used for this experi­

ment .'ieries The tested plants \vcre about seven \\'ecks old. The soy 
bean did not scem to be well adapted to the 10al11 and loam- mixtures, 

because the grmvth of plants in such soils were highly retarded. 

Therefore five plants only lA·cre tested, namely those cultivated in sand, 

humus and in three mixtures made from them. The leaves of the soy 

bean have their stomata in greater number on the under surface. 

Some preliminary tests shO\vecl, that the transpiring power was much 

higher on that surface. lIenee the leaf tests. \>;Tcre done on the lower 

surface only. each test being made on the middle and one side lcailet 



Tnb. 5· Varia tion of the ind iceS of the tr:l!l~Jliring power of wh eat plants during- the process of wilting 

I'umht;r of 
Ind i,:!:".". ro r hc.'llthy Indicc .". rur :.l igh t ly l ndi ("es for plants at the Indice$ for OVeT-wilfo!d Critical 

Relative \"all.le 
V1ants and of cr itica l 

soils planl!. at wilted piallts at pe rmanent wil t ing a l p lall ls al. ind ices indices 

13- 14 22 - 2, R,;ti(l 13- 14 22 -::::; Rati(l 13- 14 22 -Z4 Rrrfio 13-14 22-2J A"lIi(l 

.336 5 .C9 55 J5.i! .II .H .0737 E._'i-1 .0126 •01 45 0.S7 _0089 .0208 " -l.t .0126 0·97 

2 .0108 .m44 041- .010S 0'::3 

.l .2260 .06:;0 .~SIJ .1000 .0]16 '_1-(' .0100 .Ol~; ()·54 .0002 .0 235 0·. -:9 moo 0,77 

4 ,0 120 ,02:23 0 ·5-1 .0120 0·92 

5 .0 157 .0154 '.02 .0154 1.IH 

6 -4 173 .10j l 4 .f!,i .0886 ·°75.; I.I S · . 0112 .0:25S 04..? •0 2 53 .O:Q2 f .(1) .0112 0 .86 

7 •01 85 .0145 I .:J.Y ,0 145 1.12 

8 ,2335 ,0670 3·4.; .0570 .0;64 I'(II .0105 .01g6 1' -51 .01 oS .0253 o,o/.? .0105 0.81 

Q .1054 .0546 F.I). ~ o{S4 .0599 f.f4 .0112 .0186 o.no .oI09 .0253 04-} .0112 ().86 

.0 .0148 .0174 (J.J.'?S .0 148 1. 14 .. .0 130 .oz54 n ·S f :013° ' .00 

'2 .33 15 . c8c8 3.S;! .0723 .C631 f. f:i 0195 ,O:.:!22 o.Ss .0IOj •0255 042 .0195 1.50 

Averugt! .2750 .0784 3 ',F .0843 .0668 f.2(, .0 133 •01 99 0.67 .01 :26 •0239 o,5.? .0130 

to 
~ 
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of a compound leaf in full development, on 

value of the indices of these two tests came 

each plant. The average 

into consideration. 

\Vatering the plants ,vell in the morning, the writer tried the leaf 

tests at four periods in the day in the usual manner. The foliar 
transpiring power itself and the manner of its daily iluctuation were 

simiiar in ail tested plants. The maximaL index \vas found in ail cases 

in the period 10-1 I. The average values of indices for all plants 
obtained jn the four test periods 10-1 T, 13- 14, 16- 17 and 22-23 

were 0.1749, 0.1452, 00876 and 0.0849 respectively. 

After the healthy plants well \vatered were tested, the pots with 

the plants \\'CIT replaced in a box filled with dry sand, the greater 
part of the pots being buried in the sand. Thereafter the pots were 
never touched, and nn more \'o.'ate1" \V:1S given to either plants or soils. 

Letting the plants \vilt gradually in this manner, the ,,\'riter tried 

the leaf tests once a day during the period 10:30- I I : 30 on sllccessive 

days, until it became impossible to continue the tests, beclUse of the 
drying and crumpling of the lca'v·cs. 

The foliar transpiring power of all tested plants becallle, as the 
results of this experiment showed, gradually smaller in the \vilting 
phase of plants, and reached its minimal value on the sixth day, 
showing a tendency to become 
\vent into the (hying phase. 

;1 little higher again, before the ledves 

The minimal indices found in all plants 

had almost equal value, which iluctuated from 0.0191 to 00206, with 
the average value of 00J96 (Tab. 6) Those minimal values might be 
the critical ones at the time of permanent \vilting. 

Tall. 6. Variation of tlie il)(l ice5 of the foliar transpiring power of 50y Iwan during 

the process or wiltill~ 
NUillher q[ 

Average 
pla1l1S and soils 5 " 10 12 

l\Iarch 3. .1540 .~148 ,15 13 .1692 .1850 .I749 

4· ,195 2 ,2890 .2900 .2420 ·3°7° •264 6 

S. .1154 .2(j6:) .1970 .I64l1 .2120 ,1970 

6. •1023 .0557 ,o5 1l .0485 ,0930 .07 01 

7. ,0926 .0824 .051:.; .0482 .0782 .o7c6 

H. .0312 .02 36 •022 7 .0253 .03 27 .0271 

" 
y. .0191 .0194 .0206 .0191 '020U .0196 

" 10. dry up .0284 dry up •022 5 .03 2 7 .0279 

" 
H. dry up dry up dry up 

Relati\'e value of 
critical index 0.97 0·99 l.05 0.(j7 1.02 

It may be remarked here as a fact of interest, that the indices of 
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the foliar tr;lI1spiring power {{mild in the plant.'i well w:ttered were much 

lown in all ca::;es, than those fOllnd 011 the next day. And this fact 

wa::; more [nuked in the plants planted ill the soils \Vith high water 

holding capacity. This f;Kt means plThap::; th;{t t(lO much water or 

insufficient aeration in the soil ads 011 the transpirillg rx)\,ver ()f soy 

bean as a depressive [,ldor. 

5. Coleus, \.vbeat and soy be;tn, uprooted 

In this series of experiment \vas studied the v;ui;ltiun of the foliar 

transpiring power of uprootccl plants. Two {olcus plants (the same 

vadety ;lS used in the experiment series 2), tv.'o wheat pbnls <mel (,Ill' 

soy bean pLtnt were employed as the test material. 

The Co/eus plants were cultivated in pots filled with cummon 

g~\1'den s()iL After the first leaf tc.o.;ts wcre made at 0: 30, the plants 

were uprooted at tell o'clock, care being taken to :wuid injuring the 

lC!ot systen as Illuch as possible, and they wen: allowcd t(1 wilt ill the 

;dr of tbe green house. The .-.;ccnnd tests were made at 10: 30, all( I 

at one hOllr intervals thereafter. The indice':"l were obtained in this ca~;e 
frolll the test results on thc )()\'\-Tl" side of 1\vo middle aged leaves. 

Tbe experiments in \vIteat and .'i0Y bean f(Jllowed the same pro­

cedure. The wheat plants were planted in _...;and (plant a) :mcl in 

humus (plant h); they were al)ollt f()ur weeks old Tlte kaf tests 

were rn;u Ie on the upper surface of two leaves. The soy bean 

pLtnt, abuut 

pel {{.)\"Illul 

leaf. 

six weeks old, 'vas culti\.'ated in sand The leaf tests were 

Oil the under surface of the two leaflets of d COlllpuund 

The re:-;uIts of these experiments are hrought tugctilcr in tahle 7· 

In all cases studied, the clMfacter of the vari;ttiun (if the foli:1r trans­

piring power \vas similar to that fOllnd in the expcrilllL'llt series 4· 

The critical index in que.'.;tiun \vas found in the Coleus plants at 14:30, 

11) the \vhe<lt pbnts at T:2: 30 and in the soy bean plant at 13: 30 ; 

its value being 0,0191, 0.0220 and 0021 I, re,·;pectivcly. It is worth 

\vhilc to puint (Jut that the v~llues found in these uproutcd plants were 

very nca.r to those obtained in the potted plants. The average v.ducs 

of the latter were, namely, 0,oT07 f(:n- a Vdriety uf CU/ClfS, 0.0224 for 

another variety of Co/ens, 0.0130 for the \vheat plant and 0.019° for 

the soy bean plant, as seen in the tables 2, 3, 5 and 6, 
It is remarkable, that the critica'! value in questiun in thc::ie different 

c<lSl'S is approximately the same for any kind (j[ plants and 've lllay 
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consider that this critical pc)iut Illu:-;t have an impurtant meaIllng in the 

physiology of wilted plants i\nother suggl'stivc fact is that the values 
found in different kinds (jf plants arc abo very silllilar to each other. 

The variations of the foliar tran:~pirillg pmver v..'ere abo ~imi1ar in the 

three species. 

Tal!, 7. Variation or lite iw-'ice~ or the foliar trall.~]!iriIlg: pown of up-lOoted plants 

1 {nl!f of ('Ok1l5 \Vlleal Soy bean 
test. a I> Average a 

" 
Average a 

9' ,0 .16:)5 .13(n .1483 .37 10 .3600 .3660 .2°96 
10 30 .088) •121 5 , 1051 ,°534 ,0569 .055 2 .0644 
II 30 ,0788 .0893 .084 1 .0278 . 0209 .0289 ,0314 
12 30 ,02 98 ·0437 .0368 .0201 .025U .U:l26 •0216 

13- 30 •0285 .02 51 .0268 .021 5 .0274 ,0245 .0211 

14: JO .0187 .0194 .0191 •0253 .0316 ,0::85 .0216 

15;JO .C211) .(1218 .021~) .().i47 .0479 .o4r] .(12(;9 

16;30 .02.17 .0263 •02 5 0 .041 f) .0477 .0.:148 .0160 

17; 30 .01 73 .02]1 .0:::02 .0459 .0.555 .05')7 dryup 

6. Determination of the \vater residue in the .'"clil at the 

critical point of wilting of Cu/eus and \\/heat 

The water residue in the soil at the time of permanent wilting of 

the plant and its relation to the sui! have been studied hitherto by 

many investigators (S, 6, 7, 0, 17, 20). Some believed that the water 

content at this timc is COll~;tant JI1 a given se,il, ,\'11ik others said that 

the muisturc residue in qucstion varies according to the kind of plant 

u"'cd as all indicator (7) On the other hand, it W~lS puintecl out by 

other writers (3, :!o), that it is affected by the atmuspheric c\rapurating 

power, regardless of the p);·mt used as all indicator. 

The writer' s cxperjlTlcnt:~ were PCI"fO]"lllCci in the air cunditions of 

the green huuse, and no special cUl1sideldLion WdS given In the atnloS­

phcric [Ktnr:;. The soil moisture was determincd by the manner 

described by SHIVE and LIV];\"GSTON (~o). TIle H:ater content was 

cl1cuLttctl as the percentage (In the basis of tJ~c vohnne and ,n::ight c;f 

tile over-dry ,o;oil. T,\'o series or detcnilinatinn were llude; OIlC series 

v.ith Coleus pbnts and the otIltT ·with wheat, which were the test 

Illaterial fur the eXFlCrimcnt series I and 3. 

The results ubLtincd arc shown in table I, In buth senes, the 

value of the water residue and its ratio 10 the va1]](' of the w;:ttcr 

holding cap;{City in any soil, rise gcnerally" as this clpxity incrca~:es. 

In other \vonls, the percentage of the available water for Coleus and 
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wheat on the b;tsis of the :1I11o unt of w:lte r held ill the s(.J il becollle 

higher as the water holding- capacity of the ~; (Ji l is !-o illalle r. 

The resul ts or the dctcrlllinatiu n in hutb se ries werc .s in lib r to each 

other fur a given k ind of soil. H owever, without c_'\:cejJti ' Jl1, tile V:d ll t:.: 

found in the wbcal serie.,> \vas sOlllewh.1.t .':ifllal1cr than the c( lrresponLi -

ing value in the [ 'oiclts ;-,c.: rie!-i. This fact Illigbt have ;Ill impl.Htant 

meaning jn proving that the waler residuc at the c ri tical .'.tak of 'x ilt ing­
of the plant is nut uf a constant n;ltlll c fo r a g iven slIiI, but th;lt it. 

may be affected Illu re or less by the characte r of pbnts, 

I V, GE;\E IC\ 1. CO:>l"C L US IO:\l:; 

Upon examilla tion of t he data in the V; trloU!-o S(; ncs t.lf experimt.: nt$ 
described above, ~nllle furth er d i sC U,'-i~i()lI of the rC.-,lII !s is nece .<.;.'i;UY. 

As f tr as the d ,dly varialilln of the foliar tran.-;lliring powe r I)f a plant 

i~ CO IlCCI"lH::d, it ::; ch;lI-acter Sc..:C ll h, to a certain exknl, pec ulia r to a llY 

part icu la r !"p ,--'cics of plants, as is tlS(!dlly hd k:vcd . CCIH.: ra lly spc;t!·d ng . 
the highest va llie of t he iI1J ic t.: ~ \V.IS found fiJ I' t he Co!t:/lS plants in t he 

k!:it. IJcrio{1 J(') - 17, fo r wilcat l,l ;mts in the llcr ic){i ' 3- 14 amI fur tlte 
sny be;w piaub in the pc: riud 10 - I I, whi1l.: the va i\ll: fou nd in tlie 

perioJ 22-23 was minima l in a llllo:'.t all ca ·;e .... ( J:-;). lIo\vc\-,cr this 
prt.>g rcss of t he tt-allspiring pu,nT 1I1;IY uc 'lffi.:ctcd hy the exte rnal 
cC' lll Jitions. [o'C1[' example. the r/' l ily progn-ss III l hc C Olt'lIS pbnts, 
whic ll \Ven; cult ivated il1 ~oij \v it h a hig h \V ~l tcr huh :i ll g' capacity, was 

uSlially very different from t he ;Ivcrag-l; pr()g rc .'.; s, the nib·lit index l'i f 

th i!) power being re la ti vely lIig /1. Thercfo r<: the pu int of the hig hesl 

a nd I he 100n:st value of tbe ind ices lIl ;.Y no t b~ definite fo r a k ind of 

plants, but lila), 1)(: affected by extennl cond itions. 
T he rati o between the highe.',;t and till: luwe . ..;t \, ;:i hl ~ of the indiLt:, .... 

or the" lU.:1x iulIlll -minim urn ratiu" of t hc tr<'lJl ."piring powe r, which \\o"~h 

~ug-g·e .... tt:ll by BAKK...E (3), is nothing ebe (hall a n index ~h n\\' in ~ the 

dcgn.:: .,; of da ily lluctuatio ll (If this process. But th e.:: procedl1 re 10 fi nd n1lt 

thi .... ra tio c very day in cilch pLlIlt is vl'ry t ro ublcsoJ.lll: fill' the: reason 
abINe- mel}! ioned. For the s;l ke of c01l ven ience , the writl:r adopted. 
tlic rcfore, tilt..: "day-night ratio" of t he tI-flllsp ir ing- power, v .. ·hich means 

t he rat io of the index at a d d inile t ilile (, f t ht.: day. o n which the 

highest vallH.': of the day-tillle indices \\':-\ ':> most Oft.f:fl fount! , tn t he 

index at the night time 22- 23 , 011 whicb the tr;mspiri llg" power \\"'t.'-i 

generally low, fur st udying the degree o f the daily Iluctuatiull of the 
t ranspiring power. 
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During the progress of \villing, this "day-nig-ht: ratin" of a plant 

generally COllleS prog-rc,';,'iivcl}' Hearn to utlit}.'. Hut on or after the 

(by (if pcnll:{)lClll wilting, it tend:; in tllall), c:t,'iCS t() bcconte less than 

unity, hl'CLllSl' the night index become,'i somewhat higher than the day 

ittdex In thb connection we Ill;I)' ~;ay that the \viltinh; process of the 

plants goes kmd in lund with the ditllinuti(lll of the fluctuation of the 

foliar tl;\Ilspiring power. lint il the " day- nir":'l!t Lltio" oecnnlCs unity for 

a whik· at t)!(, tirm~ uf pcrm:mcnt \vilting. 

On the othcr hmd, the intlice; of tlw tran';pirin;.:~ po\\'er itself 
bec()me lu\Vcr <tnd lower during the progrc.'is of wilting. At the time 

()f permanent wilting the value uf the indkc.'i rcachcs its minimuTll, 

from this j)Oil1t it ;lgdin ri:;cs a littll:, and ;It last the leaf g( Ie.'; into the 

phase of dr}'ill~:' up 

The millli!llaI vahle (,f the rndiu>'; in ques/iuu f{HII1() ill the critical 

therefore, that this critical index is ;!PI)f()~\illl:itely constant fur any 

given kind ()f phnL-;. \Vhctlwr thi:~ critical v;t!tle i.'i ;\J{cctul by cxtCf­

mtl flctoJ".'i or not, however, relll;lin.c; a tlUcstinl1, hut c;-:;:lJl)illing the 

results of our c:--;pcrimcnt'i ill detail, it is highly probdbk, tlut tbis 

llLly he ,[flected by tlte ~;()jl c()lldiliI1ll'i, CVl.'1l if slightly. J r()\-Vl~ver om 

(lata arc fur the IJlcscnt in,'iu!Yicicnt fir s()lt!ti{Jt1 (l tilis futHl:11l1cntal 

questilln 

The criticll values found in the three different killds of plants arc 

aLso ~intiLtr to each other, the ;t\'cr<lgc' valul~ ohtained in two difu'rent 

varieties of Colors, wheat ,iIld soy bean heing 0.0224. 00197, 0.0130 

and OOIDe) re.'ipcctivcly That is to ,'i:-I.)-' , the three plants have a 

.similar transpiring lh.:H',(r at lJr.:: critical ::;tatc of wiltini;" 

On the otl11T hand, cOIllparitlg tIlL" valuC.'i C.bt .. lincd in the (i)icus­

and \\hcal-c:-.:pcrililellt scric:-;, which were performed in the S;l!llC rlldllller, 

\\'{ ' 'ice that the v:dul..:s in the wile,lt series arc g-{,ller,~l!y It)wer than 

tho"c in the Colo/s scric,'i . Tltis fact lIUY have c;ulllC llleaning whl:n 

considered by itself. i\1thougb the value in quc.'ition found in these 

threc lllc:-'ophytic plants W;(S not llOticc:lbly different frulll each other, 

yet it Play Iwob.:tl.tly lx'. tInt it H'U1Jld ht' ;1(Ii'ch~d cOJl.'iiilcrahly hy the 

nature (Jf tlte plants, when they are widely different in their manner 

of living. 

The uprnotcd plants ':iltow <t simil:u' v<triation uf the transpiring 

power and ;\ similar valtle of the critical index, tn that fC)lllld ill the 
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process (,[ J"()(Jtc(1 plants. This Llct shmvs, no duuht, that a 

t he process of 

proc(:sses, regardless 

soil or not. 

\Yilt ing­

(If whether 

P;lS~T(; thrnug-h the salllC phy"io]ogical 

it is attached tn a pj;mt rooted in the 

\Ve havc ill consider next t-hc' Iuturc of the critical point ll1 (lues­

tion. \Vhen BAKKE (2) observed :t sirniLl1- point in the uprooted 

:-;pecimcn of lIdialltlllls, he thought tlut thi<; point elf wilting IVd,', 

n()thin~; else than the point uf penn;ment wilting, and the ,c;econdary 

rise of the trall.'ipirin(; power :llt-cr that Iklint 1,vas clue to the decre:-L .... :c 

in the \\'dter retaining prnperty of the leaf tissue, whil:h is caused by 

the breaking of the \\';1t,,' 1' columns ill the FC',se!" Of COl! l";,,;e , ! his 

thought h;l.'-; f()r its hasis the cohesion hypothesi_s of w;}ter Ill(I\'Cment 

ill the plant hody (r 8, TO, 4). 

On the other hand, C\L!lWELL (9) considered t11C permanent wilt ­

lIlg to be a cundition of general pbsTllolysis (hut nut of dC:1th) in all 

the tis_c;ues of the plant accn1llp,mying the cess;}ticJ!1 of certain proto­

plasmic activities. But this qw,-..;tion must rClluin lltl,-;o]ved for this 

study. \Vhethcr the temporary opening of the stomata in the leaves 

Juring the process of wilting. 'shieh was described by :;ome \\-Titers 

(10, 14), is rcbtcd to our problem or not must similarly remain an 

open question. 

\Vc ill:!y, howc\'C'r, sa_y with certainty Ih:lt a plant in the prn~;ress 

of wilting re;lchc'i a point, where its IT.sist,mce again.'it the filtratillil of 

\vater 

reason 

v~lpor iJecolles 

Thi s point of 

highest-, .1nd 

the Ill:lxinul 

t-hen decre:;lSCS ag:lin for .some 

rcsi<itallce, or the minimal tran:-;-

plrlng powf'r, must be the crific-ti point itself. with wlliclt we are 

ClJIlC(:rnecl COllsecjIll'ntly, the study of this point will pl)ssihl.'l tllrf)\\' 

light lIpon the problem of t he comparative XerOpll}'tislll (If pLiI1ts, its 

value being applied as a me:.lSllrc of tlnt cllr;lCtcri stic 

The: f.id th:it the" day-night LitVj uf tlle: tr:tilSpii-jjjg" pmvcr in ,1. 

plant appn_);lcht's unit}, :It or ncar tllt: time (If penll:lIlCnt wilting', might 

go til show the wc:tkcr regui:tti\'e action of the pit)-'.siological prnces':'. 

HAI(KI<: (3) luid mllch attcntiun til this equilibrium phase and :511ggcsted 

that the duration (If til is ph.1sC give,:, ~\ mC.lsure (if the U)Il111:uative 

drnught rcsi..;t:lI1u' of different pLm1.'-,. The \\Tikr, how(,ver, supp:Jses 

that this dur:lfiull may be mot"(' ;If(tded by the e_-...:tl'l'IIal condition than 

js Ollr critic;:d \-aluc index itself 'I'llI:': btter sct:llJS, therefore , to be 

mon: es~ential for :ouch a pUq.10~T 
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Y'-""-~ 

was llsu;dly fc)llnd 

Rii..:biro Ki,htsu 

of interest: in 

on the (by 

thi:-:. critical point 1.". the fact tllat it 

c,f pcrm:=tnent wilting rlcconling tu 

This fact indicates that a plant in 

this critied state Gm SGll"ccly recover its turgidity without the addil-joll 

of waier to the ::;oil. in Lhis c()Jltlcction, this point f(Jr any piant IllClY 

be the standard indicltnf [Ill' tbe determin:ltion of the critical moisture 

residue uf the soil, in which thi::; pbnt is rooted, although use of this 

fur sllch a purpose is practically too troublesome (r 2). 

Thus Ollr results of ckterlllilutinn of the soil moisture residue at 

the time of pcnn,mcnt wilting of (~)/Cl!S and wheat Illll.st be related to 

the critic;)] St:1tC ;tS is here considered. The Let that the W;tter residue 

()f the soil il)und ill the dderrnination fur the whe.lt series W:IS, as a 

rule, ';(l1nCwh;1t slIlaller than that in the case of C(}/CltS, must IllC3Il 

that diffnent kinds co( phnts have IHlc(l'ul Ivater alY;orbing power at 

the critic,,] p(lint of wilting. This llUl' also be a measure uf tbe 

xel'()phytism ()f plants. 

'[ere we may call attention to a interesting vwallelism between the 

criticll transpiring power of the plant and the critical water re.o.;idue 

in the soil) which was [ound hoth in Coleus plants and in wheat. 

Doth critical values found in the wIle;lt series were generally smaller 

tban those found ill the Co/CltS series. These two kinds of critical 

\';due musl, thcre~)n:, be ill intimate relation, and according- to thuse 

two llle:lsun:s (If xcrophytislll, wheat plants mig'ht he SJid to be more 

xerc()phy,tic tlUll {olols l)hnts. 

'v'. ;jU:...fMARY 

1. The \'-ariation of the foiiar transpiring pcnver of plants WCl::1 

studied b}" means ~ l .,;t:lJ1lhrdized hygrullletric paper in CO/ClIS, wheat 

anI I ,';n:v he.'1l pbnts. 

2. Thc rati() of the index of the fnlbr transpiring power at a 

dihnite tilllc of the eLi.y, at which the highest value of day-time indice" 

is most often [;_HII1( 1, ttl the inde\.': at night, when the tran:--viring power 

is gcflt_T,-tl1r l()\\', \hlS ild.niecl "day- night fatio." Thi .... r.llin was used 

Ii_Ir judging the degree uf the (Liily iluctllaticn uf the transpiring PO\HT 

of plant". 

3 This" day' night ratio" of the plant approaches ill the willing 

process nearer ;md nearer to unit.y, as wilting progrcs~es, thJt is, there 

an equilihriuTll ph::l~,e, ill which 1I1C foliar transpiring- )lower shuws little: 

v.uiation i:-; attnined. But ;ifter th~lt time it tends in many cases to 
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become less than unity, uecause the night index becomes higher than 

the Jay index. 

Il. During the process uf \vilting, the index ()f the transpiring 

power itself decreases proges~ivcly, until it reaches its minimal value rtt 

the critical point of wiltin~', corresponding to the time of permanent 

\\ilting. After that time, it uegins again tu rise more or less, and 

t1lt.::n the plant hils into the drying phase of low transpiration or 

evapnratioll The same phenomenon can be seen in the uprooted 

plants. 

5- The vabe of the critical index in questioll seem.,; to be IW(lcti­

cally constant for a given plant species, reg',tnlless of pbnt'i )"Il(lted or 

uprouted. ]-Iowever, it may be probably more or less affected by the 

external factors, for instance by the nature of the suil. 

6. The critic11 indices found in the three l1le.-;ophytic plant species 

used appeared to be approximatt.:iy alike. But, although the difference 

bet\\TCtl them was ratht~r .-;light, it \vas suggested that the critical 

index in question is characteri.stic fur each kind or plants. 

7. The suil moisture residue at the time of critical stflte of wilting 

seems not to be COllstant for a given soil, but affected more or less 

by the nature or plants. 

K The index of thc foliar transpiring power (If a plant and the 

soil ll1!)istllre rC~iidl1e at the time nf the critical state of \\·jl1ing may be 

applied ~l:; the measure of the comparative xcrnphytisill of plan!::;, in 

both the lu\vcr vahle Sh(HVing the greater druught re,c;jstancc. 
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