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       Stttdies on the Le(of Movement o.f Altlrovanda vesicitlosa L. g.t)

                                 Introduction

     'I'he, f'olloNving Åë.karacteristics niay bo sinf.rled out as 'mal<ing' o{'

/lltl7'o7itzntla') speciall}r f)'ood material t'{)r th<) study of the physi6iof.ry

ot' irri{abilitv:

     i. Its r(isponsiv(,t. nioiL'e.n"ient is of t'h{ii qi.i{(/)kest t.ype 'founcl in

plEu]t inox'ernents. •
     2. Its leaf 1]a$ a very simple structure, and is transpai`eiit.
     3. "fXs the, xNThorls ELre Ei.rralrLgred in eird(.ti-, tl}(.t a.,(.,.re o'f a lcLttf, is

1<noxvli at a g']ancg, and leav•es of any cl(,isirecl ag'cs. c, an b(.i s. e.lectecl 'for

observations. Ilrliis is diMcult with l)ibna•t.ra•.

     4. Jt is a submerge.d plant. (71!ri2;itl(u'/}r and Altlrozt(uit!a are
the only subine.i'ge-,cl irritable plants, and Nvhile the. rettction of tl'io fQrnier

is not: x;'ery c('}nspici.iotis, that of tilLe latt]er is easilrsr rc)cognizal)le xvith

the naked eye.. The. subm('.'rg'ed habit renders it conxre•nie.nt 'for s,tudy

ill a .()'oo(1 lllan.v r().spec,ts :

     a, 'I<eg.rulation of teinperature is easie,r and mor{.}, ttccura(/e t'han

in the case of lancl plants, a$ t]ie specific. hf.i.at ot' xvtvtai' is liif.rl). It

is aiso no difllicult task to subject the plant 'i'o sudclen c.'hansres o'f

telllpc),rtLtur</).

     1). No attention ne()d be !)akl to the atmospherjc humidi{'y,
     c. I.aticl plti.nt$ mu.gt be in an abn(:}rnTtal condition "rhen the,y are

iniinersed in ivate,r, or in an isotonic solLition, xvhereas subinerg'Åëcl ojx,s

arL' (' ltiite. noirnaal in or(linar-v xvater. 'i'he lti.t]tcsr are eher(i{ror(i mor<,

fitted for experiihent$ xvith plasmolytic ag'ents or cheinical stignulants.

     As tt mat]erial for the stJi.idy <'.)g irritial)ility, hoxsLTci]L'er, the p]aiit: is

i}ot xvithout de,f(tcts. Th</i mo.st marl<ed one is that' the l(ittf recove.rs

v<.)r]sr s.loxvl"v' t'rotn tl]e r{iaction. "I[rhougrh th,is. cliar,:.i{/iter lias t<,!leolof,,.,,;'ic'al

sig'niticanc{s, it mak{,s some (}f t'he tests xxThi("/h ii.re,• con'imonly applied

to aninial nxiscl<ts or i}.!Ii>nosa pulvii]us, sHc]i as d(Ntermination of tlie

thr{'shold stknulus etc., diflictilt.

     ('>{i th(/} variotis irritable pla,nts, .tiVZmosa• hE}.s been much s.ttidi(id })]F,r

many autliors, xvhil{i tl}e setisitix'e filamonts or stigrmata of' b'(:rbdr!Is',

.f>lti5ariiuui.7ii?x etc., have },e.(in prcicise]y ini,Testis,ated lt)y B('rwx[N(; ELn{1

oti}ers lately. 'rl}ese plants. are utilize,cl for the. stucl-v of nastic moN'(i--

ment, or exTen of. it'ritJal)ility in gene.ral in, the iL'ege.tabl{,} kingd{L)ni.

I-Iaving' tl}e cl}t-tracteristics in(Nntionecl above, xlltXro7,a•ntla•, too, slioukl

se•rve for the saiiie ptirpose. ,].ittle is knoxvn, hoxvever,,about the

''  l> 'l'he writc:r will llsc llie spelling tfldi'oT,antl(x after l.l.NNIc's "Spe.c{es 1)luntarum"

instiw'ad of .•,IIilroz,antlx}x which is f.T.rummatically con'ect as Ctssi'`v"y <'62> points ottt•
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process and the. niecl]anisnrt {.}f the' lc)af nriox'einent, ancl also a})c)ut the

effects ot' x'arious. foirms (r)f stimulation. Il]he aim of tlie. present inves-

tig'ation, tl}eirefo.re, is to cast as inuck light as possibie oii tl}e l(,af .'tncl

th(-.i. I.eat niovenient of. .-/tltlro7,au(l(x, so a$ to ctualify the plant as a

matclirial for the st/'kidy of irr.ita}L)ility.

     i•X.uthors have hitherto bc)ein inclin{.,tc.1 to d.e,clti()e conclusions aboi.it

.•- Il(lro7,an(!a- from results obtEtined iH experiments witk l)/bii(r('a•. In

tlie pr<,iseiit $tticlies, hos,xrex'er, tlie c.(}ntrarsr }net'l}ocl. is acloptecl ; obs(.trva-

tions aro inacle. chi.e'Hy tipon ..xt{!cl'ro7.,a.ncl(x, and the restdts arÅë crxte,ncled

to the c'ase o'f Dibnat'a. 'l'hus, ii'nportaut feature.s diflicult to ui}veil

Å}'ron:i re,searches iipoit 1:;)loiuu'a alon(.} are 't'oi.ind otit, and t.h{in inconsisteiit

notions E")otit the inoter inechatiisni are correctecl.

     Il'ke sca,ntines's o'f 1)1}ys. iologicti.i sttidies upon ..•flt/rv?ia•iitla• ina.v bc-s.,

a.t lc}ast l>aytly, cli.ici to t}.}e clifft'celty ot' cultiiN,Jating" it. Bzit tli(.) xvritc-r

ht.Ls si.icceedecl iti ctiltivatinf.,}' it in tl/e lal.)orat(/r}ry ttll tl}(- yc#ar roun{//I,

and .so has been able to crari'v on th,e .studv o'f iti xvit]} {/}ase. I'Ie,nce

thiss pape.r cl(,'ials /first xvith the, approl[)riatie ci.ilti.iral c.onclitiotis.

     On{:}. of) the nriost inte.restiHf,.r l.,,'trts of the reseEi.irc,]i d, esc/-il/')ed in this

l.)apc.tr i.s tl]e n}easLirenient ot' tlie. rea<,;tin, .g' force o'f th(-i leat' ; the chan.g.'cts

in tha(J for{L)e bLaing trac{/,'d, it i,s. mELde c.lc)ar that thei resl)onsix'e move--

inent of the x`//tl(lroz,cui(in leaf proce{/)ds in tiLvo st.eps, the .shutting' and

t;1ic nti.i'roxving', clifferiitg iti str{,t"Lg'tlit an(1 v{/)locity. The l}irocess of t]i{/)

leaf niox'entent tLnd tl}at of tlie forc</s. acting,' ttre al.so coinp.'Lred, and

factors. thatJ hinder tlie. niov(.ri'nent/, stich as res. istance ot' tl'ie lobe niarg'in$,

xvater cstc., are an.aly$(.sd. •
     ll;1tc- m()st pro})abl{L} mc)chanisnts are pro'})ose(1 for bc)tl> of tl}e

i'novenients.. Cl'hen, on, tlie. ass.u,niption that the sanie inay holcl goocl

ti.lso for tl}e .l)iL),'i(u'(r leaf, the c'ixperiinenta,l resi.ilts obtain{,id xx'ith it b.},

many atithors a,re qLiite, c'lea,rly explained, as wel1 as those obtained
"ritl} /.ll(l7`o7.,a-n(la• by the present autkor. '

     llJhe. effcic''t's o'f x'Ei.riotis forms oil stiimtilat.ion ancl stEi.tisti{.:ttl sti.i(.licis
                                                    )
on thc} lat<.int IJ}{i}riod ancl on t;he reol,ening' x'elocity at x'turious tempc)ra-

t'ure.s will be s,ivei3 in Parts i[ and iii, xvliich will be issuecl b(ifor(,L, long,.

      I'3efoire .,c..l'oing 'furtlier, tke autl/ or clesircA/s to e' .x}Jr(,h..ss his. sinc,erc;.stJ

tlianl<s to IProf. ]1)r. il'x'.. J<.oRiBtx, lor l/ls careful gulclance and criticis.Tn

in the inx;{i,}stig-ations. 'l'I'is g'{'atitude is Ei.ls{]) </luci to 1"'I.r. [l."sucHiyA,

lect"rer, on xvhose, st}g'gestioii the recorcling of' the.. quic'INr pl)ase of

the shuttinf.r inovenie.nt xvas. undertake..n.



        Sti{dies on the Le4f A4oz'ement of Aldrova"da vesi'cttlosa L. isl)'.

                                       Historical

      'l'l'i<t ai.itiliot's xi,rlio hai,'e xvorke`.1 {}a .,•'Il(l/'a7,(u/(la will bc' mc}nt'ionecl

in cl'it`ont')log.'icEtl ord{n':') . . '

      SIAvslltvTNb:i< OSso) su.vs tlutt the method of cititiv;ttin(.r. this phtnt is tt very siml)le

one aad ref.uiit'es Httle attention, a:'td veinai:l<s u" tlie necessity ot' protectinta it' froni xvinds

itnc{ direct stmshiNc. IIc. says nethiil/g. ho"'ever, tibo{it tbe eiilt'ure medium.

      .F. CouN "8sol} dc:scribes, with sevo,rul fig•nu'es, the ]enll,the stein ancl die. ha{rs on

{hem, as xvell :ts theiv uBtoge,ncs,iF/. ;. and he mal<es it clear tltat the tqaf ls net :t "v(ysi'cttle"

                                                                                    'l)ut is n)ade up of tNvo ]obes.

      Fr. S. I;.yl:oLl) (18s.O.) xvi'ites oii the tui'ioiL '
      }<. C.-Ltsi]Al<y {ii 5{.)> inentions a ga"cat deal oi' {aKotioinic 1{terttture. S)etll"ed nior}}1}u-

k)glcal c!escriptions :tre given in h{s "'t)rk, "'it}i n)ere illustrtttions tl]an eve•r, and thc: h.'tbits

of the p]{tnt {tre alh/o de.icrlbed. {1]li,s "'{)rk is stunmat'ized asrain in '`J"Iora," iSSi/), l)p. i4o•-

i44>•

      LM. tS.uc;E' i)ie. I.ssst.is (i,86i,> "'as t'he l'irs.t C,odiscover that the leaf is openand irrital')le

il' {he plant' 1,s irigovetts. iltt also founcl that yoiin,{.r kravt."s )nove inore itctively thnn ol{1 ones.

      ]{. C.•ssi'A!{y V862) introcluces fXuGE Di•; l.tsssv•s's discove:'y. In continuatien of his

pre.viotts paper, he .t.Tiyes the ontos.eny ancl thc mocle ot' ]ill't eÅí the l)lfmt.

      B. .S'ri?,iN 0873} foitnd out the ivrltability, indepenclcntiy ()f its.vc;it ni•; I.A.gsvs. O')ot.

Zeitg,. i87•4, p• 389>•

      j". CoHN Ci87•s} remarks that the lc)ng hak's oa thct lea!' ur'e sensitive to tonch, this

being suggttstc/cl l)y analo..t,Ty "'it'h the case of l)ih. i;aett. IIct also f,lo,tils "'ith the carnivorous

mocle of mitrition of ,this plant. .

      C. I)txi<"rtN (i87S'} coinparc'd tlie :.tvttctuye of the teaf xvit!x that vf l)loitttea.. ttBcl xnadtt

sfylte experiin<nit's on tl]e absorbingr pow'et" of vario"s pvocesses on the e.oiderniis..

      S. ]<oi<zci!tNsKy ([886} studietl the anttton)y and gerniinntion of the .sead.

      IsN". (]oi".B]". <iSg" demoastrated the stx'uctm'{'t of the leaf xy'ith :t 1}alf-schematic sketc,h

of its cr"h's section. •
      (). i'X. ]a'E..Nlri+',i" flgoLl> gives the nexvest and i)n.os. { pt"{'cise n)orpholo.a.it':ai desc-riptien' of

 tlie]eaf. }le concerns himself chially xvith the ontogeny of the lent' and of {h" /<lnnds born

on it, but w'ithout in:tkin{,r, any physioEogi'cal experinient,s.

      G. I'{Am#.iu"xNTvE' <igo6) exan}ined tl}e sensitive hair$ in delail.

      .•X. '1'ii. CzAJts <tg24> is perhaps the only one wl]e has experiniental]y, stuclied the
irrita.bility nf dltlrpz'anda. I•fe tried various lginds of st'iTmilatii,n, inecli:u}icttl, electricai,

 ther;nitl ;ind cheinica]. Il,ut he ls nilstalL'en in s•arious respects, ai'id in E.,,eneral n)ore i'nvt's-

 ti,gxation.s nro neeclecl. Mis results and conclnsions. wil] l)e discti,ssed ln their pt"oper place.

       1'. fX. Ng<i'rii (,i{.}27•), cuinpttE'ink, fossil scteds Nvitli tlie recent ones, c;une to tlx: conc]ti-

 sion that x,lltli'pz,an.tlcr i•,es,re2tlosa. " is te 1)c` rcgarcled tis :L t'ellct, xvhich is dyln',T, (')tit."

       }i) 1)). If.i,oyl) CTg33> r'eeenYly pul)li"hed ;i monog.raph eoncernin/.T cttrnivorous p]ants,

 in -rliich m;ti'ty Cuw. pictqres ave, giveiL • .
                  tt

       if the liter,at.i.ire. is s.c.rtitinize.d, it will be s"en tihat tJhe iitiorplnlog'y

 and tho• Onto, f.ren}r of tha. Ieat' and its appftnclaf.?'es •are known ratl'i{}r

     I> 'I,'exeL-bool{s xyhieh eontain no orisv{nal invostik.ations {'}'FEb'itF.R's, Jt')s'1"t, .'SLI"Bi;.ll's fftc.>

 are rlot ]1)(Mltiorlecl, llot4 llve t:lxorlollliC ptll)el".s,
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iLvell, wh{sreas t]ie irrit'al/)ilit'v has. becsn exp(hrimenttLlly st'"di(i(l })y no

m()re than one aRthor. and hEi.r(ll)vr anythinf,.).A has 1,e(,n r(ii,'(ialed al)()Ht

tlie physiolos.).'>r of nutirition.

              '
                            Conditions for Cultivation

                                                                  tt                                    '      i•lltti'o7,ant'ftt can not 1')e ciiltivatecl Nvell even il' al} the cundit{ons nvticed i)y SIAusl,i+',u'l'NpK

5e fulfilled, an{I CAsp.xRy' <b) r'e,qavds the method of cultisration ns one ol- the nnreveale(l

facts abo'tit this plnnt. CzAJA nsecl "Tater bro, u/ght fron) the habltat, but ;iccorc!ing :/o tlie

pves, ent ai't{'hor's experictnce, 2Sltlroztruttia. can net be 1<ept in nornNLI condition svith this inc'ditni]

for a long perio(l of time. And even if that weve possible, it woul(l l)e very trcntble:rtome to

brin.(.T, n}ach Nvater fvoin the locality to the laboratory. }leticct, in oider to sttidy the, plant

exporimentally, it is essentiaE in the th'st plnce to c!iscover a sllitable n}edium tmd the other

con{litions necessttry for its cultivation. 'l;he rÅësults of some tests m;tde for this ptirpose

wlll be .statecl i!i this .gection.

                          i. ChGmical nutrie,nt solutions
                             //tt

      ll' the plant is placed in "'atey tal{en froin the itnlversity in:{ins, it: gro"'s xveak, n]tieh

soonev than othet- "'ater p]ants ; t'he bl:tdes of the ne"r!y deve}oping ]eaves beconie s}naller,

an(l tlie apical l)tid gi'o"ts fIender and abnor]nally shaped, esren witliin a wt:ek. Clrhe qiiestion

of nutriment is therefore the first that arises.

      'iLrarieus xvell-]<iio. svn inor..{.Tanic ]nixtiires for xvate}' eultuve Nvere tt'ied for the plant, btit

they breuf.rht about no bctter re.siilts. i;or extunpie, in I3p;Ni+".cKi".'s solution "'hich ]1'Rii (;si•ll-;ts{

reconnnends for tlie culture of fresh ivatc-r al.,(,fae, the leaf-blades und buds becan]e abnorinal,

and after a week, some plants even perishecl svith the lettt'-b]ttdes tm'ned b]aclc. 'UtisnitabEe

as the solution "rns, yet that Nvlth a total salt cencentration o.o4% uvts, so fttr as the atit]iot"$

tests went, rather better than the o.o8% soltttion, ancl th{s ac,la{n wt}s Iess httrmful t}iaii O.i2.0/o

Ol' O.OI% SO]UtiO]IS.

      Thus, no inerg.anic caiture meclinin could be feimcl which wott}cl keep the plant in the

n{)rnial forin even for n wee]<. IL'he Rd{.lition to it oe soine o}'ganlc niatter, liosvever, sucli as

asp;u"ngin, pepto-e or the gil"e, iuevitably causes putvefactien of the mediun}. IIr]iotigh it ib'

net clefinite]y knosvn "rhethet: tlieg,.e nitrog/enoas conipounds can nout"ish the plant or not, thos.i

m(/"d{a "'hich putrefy in the unsterilized cttlttire of the plant ave of prttctically no nse.

                        ii. ,[n}itation of the, hahitat xvater
            "

      'l'n the nataraE location,i) t,lldroi,tuida is ciilefly found flo.`Lting, ttnion/,J rlz)tPltct, ZZ.'•ania

oi' Plti'a.o'ntittts, })ttt seldoni an]on..cl .i7L!/eln7n.bo ancl otliers. II.'his sLi/.fgest'ed to the aEtthor tl}at

tlnere inig.ht be so]ne niaterial r()latlons'Iiip l)etsN'een those b, Iants. itn(1 t.tltlro'i,ctntltr, thou.(.,'h

II:-Lusi.E'u'rNigi" thinks thai' the helophytes mevely protect falldi'o?.tantla ft-om the sun and wind,

bat, acting. on the idea that dead leaves and stcnns oÅí 1ielop]iytes belon/.cring to the (Syamineae

ot- ' .i' yF}hacette nitty have niacle the "'ater suit':tble fov tdlt'lro7.,antla, the attthor dippe' d i'einains

of those p]ants in ctilt!ire basfns and lare,Te beakers. 'lrhe result of this trial cultttre was

    I) XVe 1iave ptenty of the material in txvo m:xrshy ponds, O..o'?trtt and JJIiL'oro, in thc

.subuvb.s suuth aitcl north of the city of 2rt".' 1'oto. '3rhe plant was ot"iginally found in the form:r

itnd then transplantcd into the ]atter, where it, /grows luxiirittntly just as in the former, except

that the plants in the latter have rathc'r lont/Ter internodc•s anc'I look soinexvhat inure slender

than those in tlie foriner,
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                                                                             '
satisfactot'y. Irn the water thus pi'ep;u'ed, .,lltli-o7,att.t7ct t.r,i'ctxv quitenoi'n]al1y,

llewc:recl in season and e,ven l)or{) seeds.

      XL should bc noted, ho"'ever. that the plant renittins tu be usÅëd t'ot' the cn]tttre inust
be stillicientl.N' decayed, or t/hey xvill rot in the culture vessel, and thct contamination will injtire

idltlroT'alltl`t. Olcl leaves ur .gteins of T]rPhcx, let't stxnl{ on the botton) of a pond for tt lonsr

time, mny l)e must suitable fer tbe purpose. 'lrhe meclitun remains pevfect,Ey goocl lioweve.}'

}nuc]i of Ihis decayed n)attet- ]iiay he put' into the culture vessel, xvliile, on the contvary, it

{loes n{)t act "'eH if not enouf./h is added. •.
      Be.skles the plant remains fro]n the' habitat, an infusion eC pe,at ]nay alg,o be used,
though the result is not sv satisfactory. Dectiyecl lcav`.ts nnd steins of nieado-' gras, sc`s also

sectm to s"it' the put-pose, thou/gh it is diff]cttlt to q. atlier stifficiently we.atheved materlttls 2tt

tim('s. Soit rich in org'anic ]natter is not always favourable. Various concentrations of
iPsl'erck's fnmic acid srave no better result.s than a very diliite infusion ot' 7:f'Plta. .

      '..'X. {le.coction obtained by autoc]avingT dcc{tyecl leaves of Srll'Plia is not so g.o()d as the

infttsion of raxv inateriitl, xvhereas autoclavintt such ]e•aves ivith a sn]:tll aniotint of lscOl'l,

follosvctd by neutvalizatio,n with JICI, furn{shes a f.T.ood medium. .ltoxvever, these clecoctions

are of no iise for the prcsent pxirpose, for theh' p, reparation is troiih]esonie, nncl "'orst of aU.

{hey inevital)ly puErefy in a few clays.

      ]t is quite imknown svhy tlie infusion of plaRt remains is t'avom'able for die iife of
tll(li'of,t`tntla. SLVhether it serves Rs ntitriment, or is important in hufileying acidity, or ratli6r

is 'neces'sary for ]naintainings an ecolo.cr.ical balaiice of n)icro organisins or of ani]na]s of prc`y

is an open qtiestion. XX'1ien .dldroz,antia cnltivated in :t Iarge heaker, thc "Tall of "Thich is

c{)vered svit'h a Iayer of p,ftrafTin, is compared with tlmt cultiit-ed in one not covered "Tith

pat'affin, t'he latter niay nianifest an injur'Lous eff'ect due to the glagf lf tap water ov 'Ltn

inorganic Tiutrient solutiou only is used as t]ie ctilture incditim. Bnt if the medium is the
inltttsion above reconHnended, .•lld•ro7.'anrira grosvs. cltiite nonnally xvhether the gl:tss "ta]l is

covL'red•svith paraR}n or not. 'Vhe cause of i}iis fact svill also be cleavecl up "'hen the ques-

tions inent'ioned above are soived.

                                              '                          iii. .{,luitable cult{}i'e conditions

      'l'he culture ef xl!,'b'oz!anda was tried "Tith success in three difi'evenL conclltlons, namely

(i} iti a dat-k rocnn in xvhich exper{ments were cart-ied on "'lth electric illimiination, C2)

oatdc}ors in the shitcle and {3) in t]ie snn, using the above n]entioned ine(litun.

      i) ]'):trthen ware basins, ca. 5o cms. in diamcter and 2o cms. in dept'l], was fiMed w'ith ,

tap svater ,and plant ren]ains sveve placed in the bottoin to a depth of :t})out io cins., ioo--

25o svatt glcctvic lanips being. used ns the sottrce of both lig. ht xind heat. '1'he distnnce be-

tween thch wnter snrface and tl}e ]tvnp was adjusted so as to muinta;n tlia svaten' temperature

near 2sO(.r. 'itap xvater sN'as added froni tiino to, thnc, and ig the ivuter surface l)ec:unL'

Åëover(td xvitEi a t'ilni of bacteria, tliis "',as rL'snioved as far as possible, Eaclled out Nvith a beaker.

In this way, it is p,).scsible to I]tute. Altlr(n,tuttla in normal statc thronghout thcr year. ];.ven

in Nvinter, the plant c;tn l)e supplie(l for experimental use by pnt'tintt turions into the l)asins,

for tlie turion$ tlius brought' into tlie xvarin "'atev at any tlnie connnence to gt'o"T in)niediately,

:tnd soine "Thorls "'ith sensitive leaf-b}acles appear ii} a "'eek er so. '].'1]is facL', together

xvith the Ctssi),xi<y's note (a> that xi(ltlroT'antla does not fo}'in turions in inclia, deinonstrates
                                                                      'that the rest peniocl of the p]ai)t in winter in teniperate regions is only a forcecl one.

      .Some individu;tls l)ear Aowavs in "'inter, most often in liVr,arch, btit t'1ie l)looms do not

open out "'icle, and there is no typica} post{]oral bendii)L.T of the padicels. ',Vhis nity l)e cond{-

tioned by the teTnpernture, for in nature the l)]ooniing ecc{irs at n)idday in siunnier Nvhen

the water tennperattu'e is over 3oOC. If the culture of xlltl-ro7,anda is left qulte st{ll for a
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fexv weeks, every iticlivi{,lruLI directs it$ apical I')ttd towarcl.s thc centrf.'. of thc })aslt), above

"'hich lhe eEectvic lamp hangs, owin/g to a photoh'opic .gt'o"'th.

      2• } Cultm'e yesse]s were pv(`parc'cl in th(r same "';ty as in the fotegoin.(r cnse, lmt were

piit outdoors oi} the riortl} s{de ofa l)uikling. The plttnt ,.rrows imder dHVuse stm li/.rht'. R:tin

suppiies "'at{zr and cleans tlic "'atet' surfac('.

      3> I:or the ctikivation in thct stm, rather deep pots were its(rd. xiL l'u"r stocks of

ZiL"e/nla or ttJ/,?ltct pl;mt'ctd in the pots constant]y siipply the neeessary cons'titttenis. It' is

hc/tter to biuzy• the pots in the sTvottnd to t-roi{l ovtht'-heatin]a' iri stmime.r. Ii] tl:ese pots, f/tltlx'{}-

vantla repc."ats its complett) season:tl iife for yetirs, just ns {ti its i]nl){tat.

      In the. other tsv{'} cases, in xvhich 7.'J'Plta or the ]il"e is not pianted iivintt,, nttentioH

n'iust be ptEid iit thnes to tlie condition of the meclimn ; l'or example, plEitit' remains miist 1)e

stipplied nnew xvlien the. culttuc: water l)ecomcs less bro"'nish. If, })y clianr.e, insulliciently•

we;ttliered plant remains are 'mtroduced, putrefttction of thct medhun "'ill en.gite. Ci'hits, t]}e

cultivation o[' .-i.ltl•]'o7Fantla "'itliout living 7.lrPlta hrts more ch;mc('Ls ofbeing interrttpced t/]ian

that with tivinsT .7Jit?ltft. And the cul{.ivation in tho. sitn with living ir:i'?ha scems to, be as

safe. ns ]e;tving the material in tl}e habitat. '.l'he author l]as been cultivuting.,' it in this

"'ay for the past three yeai's., "'ithc)tit tak'ing, any care ot' it excel)t to reduce niultiplyintt

individua]s.

      1}:ach of the ctiltuves in t}]e three clifYevent conditioiis, ho"'evev, has its o"'n advantages.

'Irhe n;ateriiLl cultiired in the rooni is used for ol/)servations dnring the cold season, nan')ely

froin Octobey to tXpril; tl)al in the sitn is available daring. the xvarin seasons; xvhereas that

in the shade is usei'ul in inidstnnnier, xvhen the nittterial in tbe siin seeins {'o be sen]e"'httt

xve:tkene{l by overheat{ii.cr+

      ."i•Iimy ether svater plants and al/gae seem a. Iso t(/) lincl this mediam sttita})je. SP?']'os,iJ'ru,

 for example, which i$ s.aicl to he difficnlt to cttItivatc fot' Iong, gro"'s luxttriantly in it. (Jare

n}ust thcrefore })e trdN'en not to introdace even a fexv t'ilttinents of this alga, or of ('latfoPhoi'a,

lllL/1,di'odit-tron etc. int.o the vessels, because they "'ill inake it axvkxvard to t'al<e otit thc vei'y

sensitive x/,il.(l'roz,aittl(z from the vessel w:thout irritation. Cultuve in an aqttat-iurn in a green

house n]ay be posslble if soine helophytes belougin{.T to tl]e ('lra]nineite, Cypevaceae or

Typhaceae ave g-rown stiMcic:ntly in it.

                          '
                              Morphological Notes

      ']'hoi.itt'h s.t}.iclies, ul}on the morphofogical nattH`e, (T)ii tl'ie /L{ltlrm,a•n(?(t'7,

•lciatl. hti.xrc} be{i).n ..(,riven by n]Ei.i:Ly ai.itho. rs, .ryrc'tt t]iesr are•. not $tifflci{L'int itl'

 one xvants to de.s(.xribe and analy$e t}}e l(,ictf movement mjnut'ely. I'lence.

 niorpholo.o,..'ical fea.tures xvhich are dir(>ctly concerned "'ith, the }.)resent]

 stuclies will be g-ive.n xvitk s,ome new definitions,.

                   i. "l'he leat'-blade in re.laticn to tke axis

      ll'he ]eaves are arrans'}'ed in xvhorls, round the s,tem. 'i"he p(itioles

 are. thin ELnd 1)ro,ad, and terniinatc} in a leaf--blad(, and four to ,gix
 l)ristl(,si). 'i'I}o re],-ttion of the ]eaf--blade and thct l)ristles tzo the pet{ole,

    i) llJF,c;I has colEected the opinions of vai;ious anthors as to xvhethet' the so-called "peti-

 ole, " "leaf-blade" ot- "l')ristlcs " are hoinolo.{.Tous or.trans or noL j3Eit', in spit(s of tl'iesct

 Tnorpholog'tcal clisciission,g, t}}e coniinonly Eise(l nanies nre e,inployed in the pres.ent stiidies.

'
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a,nd of the petiole to the axis is shown in [[;ig. i.

    I;ifr. [ A is the al)ical xiiexv of a xvhorl, fiv'e

out ot' c}i.c)'1)t ]eaves ])(}iiig- cut off .it tl]eir poti-

ol(is. 'I'lie three le,fLvos, a, b ,ancl c, represent

tlie tliree (rharact{iristic staf}'{is of the .reaction

xvliich N•vill be describecl lat(tr. 'I'he petioles ex-

hibit tlicir xvhole br('adth in this vio.w. I;ig-. i

B is th(i front vie"•r, a]1 the leav(ts cixcept a. bciing

cut oFf at their petioles. 1'he petiole, thin in
t]his vie"r, is 'att,ached to th(- axis a little ob-

liqucily. Tlie ans.rle ot' insertion is small in a

youngr xvliorl, ,in(1 heconie lar.o'(sr as the leaf
,.groxvs old(sr.

    rl'he clarl< straiglit 1'ine x/ hich runs througli

eacli petiole at the middle is the.conducting
bntidle, whicli extends to the midrib of the bi-
lobecl leaf-blado,. '1"he bristles stand roughly in

a roxv, on the basal sicle of the leaf-blade. The

leaf-blad('t is twisted to tlie left by niore than

ioo clegrees, its midrib makinf.r an obtuse an.crle

xvith the petiole both in the, apical ancl in the
lateral viexv of the xvhorl (Figr. i A, a and B, a).

'1'hus its two lobes are situated nc)t right and
left but rather up .and down, and hence they
`t .die ol ere" and "d,ie untere Spreitenhalfte."
side of tli(•> lainina is niade to tLppear to bo.

prolloullced twistins.,', it is mor(l convelli()llt to

si?l(' lobc (die obere S.) ancl !/te brils'tle-s!?le lobe

clesignation being convenie'nt. e.speci-, 11y

cll'(} tl'eclt('d.

    'Irhe older int.ernodes and leatS "rhorls die

nexv ones are formed at the apex. Iii order to
acccrdinf)- to its age, tho. auth. or xvill use
``  ........., erhi('ilt die jt"ingste, dessen Blatter

xva,ren, und die sicli durch ihre abstehencle

d(,i,utlich ab. hoben, die Nr. I, die folg,rendc

I<atlier frequently there are cases in xvhich leaves

of t'unctionins.r 1ut the internode betxvee.n their

bud is not lon.o' enou..o'h to Tnal<e. the. Iet,f stand

In thoge cases, the whorl xvill b(i dano. tecl >,'o, O,

vesiculosa L.

1.'J"'-''v'-'t',-.-'r.','rywtr"':' .;' .z-  ".''
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          •Ii-t..:•..1. , Lk-. de .2 •, .t..s....,mu"be"'

          Fig.i A. A whorl
         viewed from the apic,'tl side,
         'five leaves beino' severed tftt
                   h         the petioles. a, an open, b,
         a sliut and r, a narrowed
         leaf Å~3•5
          B. I)'ront view of the
         same svhorl, leaves except
         a bcing cut off

        are called by FF.NNER
          But as the dor.sal
      slightly ventral by the
       name theni Xltr /rrt"-
         (die untere S.), the
xvhen isol-t ted individual leetves

        away successively as
         indicato each "rhorl
    CzAJAIR idea. He writes
        schon funktions.fahi.ff

    H'altung von (ler I<. nosp(i

      NVirtel ztthlten xveiter."

          ar.e already capable
        xvhorl and the apical
      apparently off the bud,
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                       ii. 'l'he leaf-blttde

    A l{iaf-1)la<l(i consist/'s ('}f a pair of lol)(is, which are cc,•nv(sx (')at--

warcls and conncct{id tog'(ither 1)>r a midrib. ]t:ti.ch lobe cot}sists 'oi: tNx'o

p(')t'tions, the central and the ini}arf.rii)al. 'I'he fr)rnier is composad ('}f

t'hrae c(ill layers, the x'fi7i('r (niorpl}olog.}'ically tl}{i upper) ELnd t]xL oulty

(lower) crLx5i?lcrfiuls' ancl the m!?ltll(' l(x.y(v`, and mavv be callecl the ll"'fr('-

l(r:yf'r('tl r('sr!bn. Thcx latte/r is thiH, and notxvitl)stancling" that it is.

morl')1iol<)g.iÅëal1>r considerecl to })e. t-ormed of two t'oldecl layers ot'

epidermis, it looks as iÅí k were one-laye.re•d, arrd xvill be called here--

Ei.ft{/nr l//(' onc-lti:.i,(srt'tl 'r(isribn•. The bouirtdary arc linci. 1)etweeti th(ise

txvo i'e.,{..rions is calle.cl }i)}r l;iecNNF.i< " c'lie. 'X•"c}rs.chliiss.o'rcnze," viz. the

(rnclosure--l?punt!a•r.i,, denoting' the 1)ou,nd,ary lin{,t of the ultiniat:e. {rtnc.los-L

ure oi' tl}e pr('y.

    I;ENN•ir.R distin.o..'uishes five zo. nes in eacl} lo})c, taking the inne.r ,and
          ttl'ic} outer si.irfEi.c.es scry.par,ately. I')tit it sc/:(ims more. conx'{'i.ni{)nt to dix,ride

t:h() lo])p. into six 7.ones, p. ertaii')in.{.}` to the inne.t' surfac.e. 'ISis.}-. 2 is a

                             dia.o'ram of ,'i lobe with the miclrib
   ,,x,XxXlllxXxx,, )'1axll)Cioiies'iJ.i{Si],::ii,l,ff.(l,`ieig{,("g,:ieqC:lfttii:
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 ];it}: 2. tlL sclieni:ttic dittorani shoNviiitr
                  u   ,5
six zoncis ol' a lol)e <I;"ov <lel']nitions,

text.) •

    H. Ihe :oiie qf 42/a,tlr<.71(l

kairs on tl}e inside s'urfac(/, ancl

(l{,tr i,'ierarmigeirt I)r(lsen cler

I)r(Jtsfxn cler .•Xtissenseite ") ;

    iii. Iltt' lux!'rless ."•'on(i, xxThicli

(`' dr{lsei')los(,: Zone ")•

. ' Irhe cells of the ot]e--lavere.d
                        .as sketchc.d ])xr I?i;.Ntu'it;i<. Clrhcxr

midril) in the 1}airles.s zona

quack-ifid hairs, while they are,

{r,f tThe IEa.tter. 'lrhe ti,vo--E}.rinecl

I) FJilI NI;.}t's des;'g, nation is shoNvll

    zoi]es are clistinf,,),'uislied by F. Eix'N]?.R,

    and they f,}.i-e adoptecl he.re to. o: .

        i. .7. 'li.c z>!,foltl(\l rv'm, xvhich is the

    infolded portion ,along the n)ar..o-in ot'

 . the lobe ("` I<andzon(i. " or '` l<ttncl-
See sauni " )i), th(i bendins.]' b{iinfr nam("d

    l. 1it' 7na7:et'nal./oltl;

  1?t,u>`.s', xiLThi(/ih is' stiidcl(.'td xvith qi.iadi'ificl

   txvo--arnie.d ones on th{i outsicle (`' Z()ne

  Inn(/s.nseit.('). " ('}r '` Zone. der zxvctiarinig{sn

Ei.nd

     is nornially bare on both skii-f,r}ces

                               '
                                -     r(t..(.rion have irrep,.'ular ru.c,.),`.{.)'ed fornis,

 . are elon..o'ate.cl p, e.rpe.n(licularly to the

 and in the proxiinal half of, the. zone of

   rous.rhly isodicanietric in the distal lialf

   hairs oH tl)e oi.itsid{/ii are distribut(,d over

  1,n brackets.
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a "'id{ir area th,an the quadrifi(l ones on the insida surface, ancl hence

a nari'oxv distal portion of the ]iairless zon{i has a ntunber oF txvo-arined

hairs on tl)e ()utsicle,.

    fXs regards the three-rlayeyed reg'ion, tlie author folloxvs l)is oxvn

classificatio. n, excel)t' . . . .
                                                 '    nr. Ili.c tle7i.sz'l.i,-•,.o. 'Zaiitletl s•one, xvhich is clensely cover<xl Nvitl{ })u{ton-

shapecl glands iiiside, and xvith tw•o-armed hairs outside (`` Zone der
diclitg'edrang'ten, rtinde,n T)r"scn " and " innere 'lrmlauptzone der zxv(xi-

arn}igen I)rUsen " on the outside).
    'l'he xvrite.r cliscriininat(.s fro:n the last niention(id zone,

    v. Iltt' sLt6a•rsf'l,r-..o'lanal('tl ,'."•onc, xvithin xvhich but.ton-sh,a.ped {riands

are only sparsely clistributecl oti the inside, ancl nornially no 1)airs are

found on the oRtier epidermis.
. E?E.N'iN'F.i< calls, tl'ie. niidrib itself " clie Grelenl<zone." 'l"}ut the xvriter

xv an tis ti o. ni ean by

    vi. tlie fiii?ltllc ,gonc, ti}e narro"r zon,xl portion of tlie lobe adjacent

                                                         .to the inidrib, the n}idrib itseif being exclude.(1. In spite ot' the fact

t'.hat tlie inidrib is' richly studded xvith batton-shaped h,airs on the inside.

Icl:`i,ti•llel,iiibuijs,Xl(II"#i.iil;.'lliil'il'l,"l i ixllg' f ee,:,,l,>

sicl('ts.

    Zoneg i to iv, and a
pai't of the, sparsely-.c.r]and-

   zotlo. (v) ,'tl'(> r().coglliz-

ed in the. Iateral vicxv of
a slnit leaf ('l?ig. 6 B), and

th() zonc.s of tlie tl}re,e-•

layer(},d reg'{on, iv to v•i,

ai'e o}')serx/ra})1{'i in tih{'s back

view of an op(in le,a.f (Fig.

7 .x). 'rhe dens(Nly-gland--

e(l zone lool<s v•er>r dark,

oxving to tha nunieyous
g'lancls ancl to inte,rcellular
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t'hose contiLguous to tl}e en(']osture-botiiidEtry, tur(.i .shape(.l as shoxvn in

.l;i.g,'• r/, in xvhici) the mkli;ib sicle is at th(i foot, the three zones beinsr

dc,Ht)t-ecl with tl}e saine syml')ol$ as in Iig)'. 2. I'n the otiter epldernfiiis

(c), the cells of the d{.Tns(;l)'-pglEtndecl z(')n(s (iv) rcsemble those of the

one-layei'ed re,f).'ion in thei'r i't\.r{rc.tcl sl'iape, 'forminf,,.)' a strikhif.l' coiitrast

xvith rhe ce,lls of, th.{x .spa,rs{,}1>r-grlaBd(icl zon{N. 'I"he c('}lls ot' thc} middle

zt')ne ai'e soni<vxvhat broader than tl}ose oti tl}e last inentione(l zone.
'I-h(i small c.irc.t'tlti.r cells scatt(/iirecl in 'the clensc'ly-glan</1.ecl zon(i are. the

bEi.s2tl c<ills (')tl txv(])-arrnecl hairs. In t}}e inner e.pidoi-nais (fi,), tl}(i densoly--

f.)"land{xl zon(/} is n`')t niarl<('}cl off in its c{,ll frnrms s() c(z>nspicuously as

in tl.ie a})ox'e cas(i. Th{s (-ircular marks in this la.}rer r{tpres(mt t]he basal

cells of lmtton-shapcvd ]}airs. "I'he cells ()f {ihe midclle layor (B) at"e

mach larger thEi.n th</)se (:>f 1)o. th the inn(tr and the otiter epic.la.rmis.

     t.'Xs the ]eaf is tra,tispar{int. the.. optical c.ro.ss-se(itie.n ot' t'he cells

can b" o}i,s<r}.rs,•'ed in int'c`'t('.tJ condition if .`-i c('}ni,'ex part bii a lolL)e is. pl,aced

properly i.inder the niieroscep{s (Fis.}-. i, l)1. i.x)L). 'l"h(h nii(lclle-lay{ir

cells arc) nNich tl}icl<er than tl)e cells c'>f the (ipiclfi.}rmis.

     Both tlte otite.r ancl the {nnctr i,x'alls ot' the miclclle lti.yc'.iir i.mit{,}

e.lose,ly xvith the acljoininE,..,)' xvEtlls of }/)otli t/he, otiter and the inner.

epiderniis' , so t.hat tl'rere aire foi'iiie.d four ine.nil/>rane. Iayors a.s a xvhole

(c'{'. Fif.v. .l (i)r u)). As the extensi}.)ility of these "'Ei.ils con-ies into

(luestion ki c(,)n.sid.<)riHs.?t th(i iiiotioi' inechanisin, it is Åëoi'iv{'mi{int t<')

                                                                         •r•,desig'rnat'e. them bcfo.r<ihand:

     fl!(' o2iX('•rmosl ?e,all= :the out(ir (superficial) wall of tlic. otiter epi(lermis

     ffu oi/fej' s!ib('7si?i('i`ina•i x?a•ii == (t,ll.//. i.i'j,ii'II, Y{';,/kin OI ;. i'il/l',2"i//{i,faP, kEi'//l.1';,],i..;

     ii2(• i)i7i(•7• s!ibc!,i}it•i•ni(x•i7e•(x•ii ; (illf.l giwa/1.'J Q,//'.tJlli.?, F,ilil(/i,,,lli,lli//,l'gll,?,te}i;lll-,

     !/it' i'7"i('rinpst ft',a•ll=the inu{Nr (superficial) wal1 o'f the, k'mer

                                 (}piderniis.

      I'n the tlllree-layered, i'e..o.'io.n, chr(')ina,top}}oi'es ar(x inost abundant

an(l lar,(.)/.e ln siz{/i f).'eneya.lly in tl/ie. itinar epideri')iis, xvhile in th(') miclclle

layei' and in the oi.ite.r ('ipici('}riitTtis they a, re fe.xver in nuni},i)er (and si"tialler

in size. C.I.k}'ie (/'{uantity o'f, stairch secins to cori'espend to that of c'.hloro-

plasti. "I'l}e (`liron'iatop,ltoires, in cxaclit epidermis ]ie alonf.',r tihcx Nx'all

xvlii(`h borders tl}e middle. Iayer, c{uite analo.o'ou.g.ly xx'itl'i tl'ie case. o'ir

l)ib/!tx•ta. (cf. (lu'r'rENp,Ei<c} '2s). 'l"here is ny)re starch in the niidril)

than in any pt•}rt of the lobos.

             t t t ttt tt
   i> l'n this efise, the lobe is fo]ded at the sptu'seEy-glanded zone by thc w(/sig.ht of the
eos'er glas.g in or{ler to rnnke the p'tct'tire as cilenv as posslble.



     Studies on the Leaf Movement

    Soni(i illustratio. ns of tlie cross

CAspARy, GoEBEL and I`IABERLAND'r,
photog'rapli is sl]oxvn in I;i.cr. 4.

    In the infolclcid rim and iti
the distal portion of the zone of
quadrificl 1iairs, the lateral "'alls

are undulate,cl. 'I'his strLicture
inay nial<e the part resistant to
tearing-, as I;ENNEi< thinl<s, and

the lobe margin is made stronger
by folcin. g.

    XVhen one slightly pr{'sses a
inarginal part of thc one-layered

reg'ion xvith a tie.edle froni the

as the pressure is released,
curvttture just as in tlie case o'E a

is retained, tliough niucl'i reduced,
plasniolytic agc-t)ts, xvhile it is v(liry

strips. I-I'enc(} the elasticity of

conve.x curvature itself of the '
pressed from the inside., it is

jt is pressed frc,ni tlie outside as

also be due to its convexity.

    The det)sely-glanded zone is '
ing and bendins., oxving to its

and its well-developed cell xval]s.

support, though not .able to resist

    'l'hc, marg-inal fold 1)ardly cl

inoveinent of the leaf. 1"his ca,n
of the• nia. rgin is sl<etchod. rl"ho

and 1ience tlie circuniference of the

cleforinecl xvlien the inovetncnt is

                 Phases in the

                       i. The

    In thL,! sensitiv(i conclition of

stand apart froni each other; it is '
le,afin that sta.c.re looks as in 1;i.g,. 6

 of Aldrovanda vesiculosa L• is3

section of the niidrib are given by

 but as they arc too sclieniatic, a

     '
..  ...1.-t.l t.  tt.:t. 1/1 ,.,1 ..t..  ,

t .  "...1 ,1 . . 1.. . 1 ...., ., ... ... . ,./

 t trt tt ttt ttt ttt t ttt t ttt
   t t /. 1. -t t t'/ 11 ,./., 1. 1.• -. .e '' '''' 'll" i'l `'' 1' ''1 ''' '"
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      Figt. 4. Cross-section of :'t ,inidrib Å~i6o

 outside, it ..ffivcis ill cOllCE}Vc)ly ; E),s sooll

1ioivvver, lt springs bacl< to its ori.(rit]al

    ]ialiLTecl rul/)ber ball. 1'his tenden('y

       ev(.n if tlie leaf is ininiersed in

      flex,ible and yictlding if cut into

  form may be attributecl chi(hfly to the

region. When the inargin of a, lob() is
inore resistant to deformation, than xvhen

  describecl above. This character may

    ri..o'icl in its resista, nce to both stretch-

thickness (it is the tliickest in the lobc)

     "1'he inidrib also serves as a inain
    tl'E).nsverse bellclill.o'.

   i.anges its shape in any stage of tlie

   be easily unclerstoocl if the outline
  enclosure-bounclary also changes little,

      on(ulayered r(igion is very littl('
    g'oing' on (cf. Fig. 2o).

    Leaf Movement

   open stage

   the leaf, the fr(ie. margins of tlie k)lxss

     in !llc o)6('ii s!(7,<)T (1;i.q.''. sA)• tX-

      ,N from the bristle-side. and as in
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Fig. 7A, from •the underside (bacl<) of it, The.midrib is
straight in the lateral as xvell as' in the back vie.w.

ge-"Wile"'::r" rT- •"""•:' :•T'r':j;'iJ,1,1ilj '•'I-1'r"-" I::-••: - • , il- -

                          --

                   /ijma)-
                     ".-          ABC  Figr. s. Apical views of a leaf-blade, when it is open (.4N), shut (B), geing to
  <C> and quite narrowed (D) Xio

roughly
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       Sti{dies on the Leaf Movetnent of Aldrovanda vesicitlosa L. is.s

   • .To st{tdy the Ieat' mov'ernent, it is e$sential to obse ve the Eehaf from any clesirecl direc-

tion. The leaf-bl:ide is seveved for that purposc from the plant undev water by ctitting/ thvough

its petiole; careful!y (loatecl in a small L.r.lass spoon, it is the.n tvansferred into a siii{al)Ic

vessel contnining Nvater at a F}ropor teinperat"rei). iX. clip "'hich is stipporLed l)y t{ set of

bal1-ancl-sockctjoints is lowered into the vÅësse], and the petiole is held by it, an(1 xvhen this

clip is moved appropviately, the leaf is set in an.v {lesired orientatiep. 'IC the }eaf is to be

obiers'ed upder the microscope, the base cf the clip joints is attached tc) ;tn at-m of a micro-

manipulator, so tltat the position of t]ie leaf mny be smeothly adjusted. .

                                                               tt
                                 ii. 'Yhe. shutÅíin:}'

                                                   '
     ].ons, seiisoi'y hEtii's projc)ct fi'om tlie imic}t' cipiclc)rmis. Thc}y iiumbc./r

3o-g(.) in a lea'f, half of tliem on the middl(.i z.one, about 4o9.b oti the

dcnse.ly-glandecl zone. niostly alon..o' the. enclosure--bo, undLiry, ancl on' y
a fexv (io96) on the sparsely-glanded zon(L. ,t,X. $Rclden closinsr of the.

Ie.af results froni tac,tile stiinuli, th,e rinis of botl} lobes coining' in con--

tact with each otlier. This. move.inei]t xvhicl'i brings an epen ]e.af into

lltd s/2itt slrx•sr(', niay l)e callecl 1'1!e .s'f!u!li>igr /no7,('in('nX.. .

     Ill'he sl}utting inovenictnt caR be,. e.ffected not only by sinall aniinals
touch{tig sensol'y l}aiys, bvit also artii-'tcially throutg]i mechanic,'tl, chemica],

therinal or {llectrical stiiniili ,acting tipon x•'air.ious pai`ts of t]ie. krEtf, as

CL' AJ,x has statecl. I;i,(.rs. s }j, 6 B anci 7 B shoxv tlite re'sult og stiinula-

tion xvitli incluction shoc]<s., a 1.)aiir of electrodes being put into the.

vessel at thci. rif.rht atid left sicles of the sensitive open leaves, aft(ir

the photograpl}s slioxsrn in ISigs. s A, 6 A ttnd 7 tx 1iacl l)een tal<en.
'l'1}ct n"kidrib, xvlitich is iitearly .straisrht in t}}e, opcn staEg'e (l;ig'. 6 ieL)

}.)end.s upxvards when the, leaf $l}uts (Fig,. 6B). Nence, when the
apical xricw' of .a shi.it leaf i.s photos,rapl}ed, t]h{i inclii'iation ()f the lc,tal'

inu.st be acljusted a little in <)rder t(') ni,al<e thc, leat- ?.xis stancl ju.sL

xr•{•n`tic.al to th(i,' field ot' tk(i viexv.

                                     '      I'f' an ope.n leaf is cross-?'1'i'ISIillue2iiie,Oil'ii'llil•l/lilNllaliil,,,//iii'i fX A /YX A/<ifi3/

the lQbes shoxi,r th(i c•urvation tNL B (1; l) lf;
s{ie.ii iii l"i.gr. s fx, iii xv}}{<)li Ijll'il;,,i";, ,Rill'?'g{iiS}X,fi`:Y,II,llil/V CI.//,W./1,;5 1,if.,l"i;'/i.'i:X,i,

the fr(ie-skl(}, lobc'. is, oti tlie inat•ginal fol(l, when tlie}eafis open <A. ), louse-

rig.rhts.ide, t'Li)cl tke bristlci--side. ' ]y-shitt (I}, closely slmt cC}, in the lirst' step

lobe on th{N l(ift. X3L'hell the of the iiELi't'oNviiig <])} ;md guite narrewed (I,:)

leat' sliuts, thc lobes in sonie cases coine' into contact as seen in I-'i.(.r.

8 B, xvkile ii} other cases, the shutting niovenient g.'oes on furth<ir until

    l) ilL sudden chanf.re ot- t()n]perttt'ure s]iould Fe ttvoided, l)ecause it' .f.;']ves rise tv the

shitttinf,r movema.tit, as "rill be shuxvn in 1'avt Il.
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the lobes press stronger upon eacli other, taking" tt forin like that slioxvn

in I;ig. 8 c. Tl}roughout this paper the leaf xvill be said to be in /,ii(r
loosel.i,-slt!tX sla•.o'e in the fornier cases, and in llur ('los('l.r-sli,2tt sXagrt'in

tlie latter cases. ,fntermediate stag-es between the two can naturally

exist, the magnitude of the ex- citation, the rigiditsr of the marg'itial

fold etc. determining such degrees of the shutti]ng. Details, however,
xvill be mentioned later.

                        iii. 'lhe narrowing

    XVhile tlie captured aniinal is swiniming wildly in tlie hollow space

b(.}txveen the lobes, the two lobes begin to press upon each other, and
thus the leaf passcts into a very closely shut stage. [1'lien soine niinutes

later, the free-side lobe bc-nds sharply inNvards n()•ttr its inars.in, as is

.sliown in Fig. sc and Fig• 8D. The bending .grradually travels. on
from the marginal part towards the middle, leavi.ng the portion already

recurved in an everted state and laid closely upon the inside surface
of the opposite lobe, thus making the two lobos asymm,etrical. Tliis
c.entripetal shifting of the bending ceases .at the inner boundary of the

one-layered resrion, whe.re the epidermis tencls to be two-layered. .I;ig.

l•y,•,

 tt)iys

          ' Fig. g. A part of a narrowed leaf in cross-
                                  bounclary. The one-layered .rc- section, near the enclosure-boundaries, the
  free-side ]ebe being on the right. A g.Iand. gion of. the. free-side lobe is eveirt-

  is seen dark• Xi64 ed ap-d applied closely to the
corresponcling regi6n of the opposite lobe in curvature, as if to prevent

leakage of cligested animal ]natter. Tl.iough this last phase of the
responsive moveinent is described by CzAJtx as " tiberl<rtimmt," it xvill

be called Xlze narroTvt'(l sfa•.g'(', hereafter, tlie process from the shut
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stas,'e tio thls ultiinate stcLge l:)eing nainecl the :,ugrro7c,zTn.o' •inoztclli.cnX.

The responsive niox'enient of the lea.f is, therefore, composed of txvo

successive nioveinents, the shuttin.g` and the, narroxving, ancl the txvo
together xvill be callecl 21!e closi>i.g' ino7'('iiienfs.i)

    IIrhe narroNvecl stag'e oii /Ltl(!rof'a•n.rla• 1(iax'es niLa,-v be c'i.nalog'ous to

that 'found in .1/1)ibnaca by l)tw<"riix', re,achecl xvhen t]}e le,'Lves are. shut

over tiltr(.)genous niatter. i'1 .nd hence, the designatioii of th, e movenie.nt

ancl of tliis stag'e Nvith irespect to /Il(li'o7.tttficXa leaN'es, xvill be usecl also

for /)i'o7iaea• leav-(.ss. tX..ccordin..o- to the writer's tests, the Jeaf of elther

of the t"ro plants can be brou.(rht into the ii:-tyro"re.d stage not on!y by

repeated inechanical stinxilation of the sensitA'e hair$, or by the cheinical

stiinulus of nitrogenou$ niatter, but also by strong .stiinu]i of dififerent

kinds, el(T}.ctrical, tratunatic cttc.L') L;igs. s D, 6 c and 7 c sho"T the

narroxved sta.o.'cx, procluce.d by a strong electrical shocl<, viexved froni

tliree directions. In this sta.o.'e, the curvaturc} of tlLci niiicli-ib is n]uch

ntorc} pronounced than in the shut stat.re (cf. Fig.. 6 c xvith 6 B). In

.Fif.r. 7 c, the one-layered regions lie on the leÅít oÅí the th'rcie-layerecl,

bttt are alniost otit of focas. 'jlh(s tlu-ee leaves, a, b and c, in IL;ig. iA

i;epresent an open, a slnit and a narroxved leaf respectiveiy, indicat-
in.{.r the chan.(res of an..{rks betxveen the niidrib and the petio' le "'ith

lrc`spcict to tll(i $ta..o'(i.s ot' t!)ci 1'esl)ollsive ITIovolllcil)tT.

                        iv. Th(i reec>very

    It]' a leail' is e.xcitecl xvith gt xveak stimi.iltis, it xxrill ol,)en again after

rernttiniBg a 'fe-xv quarter hot-rs in the sl'}ut stage., and this nioveinent

niay be nanieci l/icr i'do2b('i!•i)z.o' 77ioz,crurnl. I'Iut if the stiinulus given

is stron,g,-, th(i leat' conies to the nainroxvecl stage an(1 tben recovers,

in{/)reasiirigr t]ite volume of tko lo})e caN'ity. This coi.irse, f,rom tihe nar-

roi,x'ecl to t.ine sh,utJ st,'}.g.,'e, ]Lv'ill l)ct called iClk' rdl/}?tt{g)'i;i!.tt' •n!o7,ein(ri7!. Irhis

i'eopet)iii..(}' and rc'vbulg'ing' are X/tc retroz,(Jity •nio7.,eincnfs. LN'orinally, th{.)

leaf begins to reiopen as sooR 'as it has re.turned to th(r: shut stafre
after passing tl}roug'h the, rebulg'intg' niov•enient. "IJhe, co. urse o'f th(.i,

re()1)(riiiiitf.,,.)- Euicl th(.h ire})i.il.(,.}'iiitt)' iiioiv"etiiei]ts is a r(iv{L}i'sal of th(/} shi.ittiii.(}'

and the narroxxrin{r niove.inents rc)spectix'el.s.r, (xcept t't}r the. tinie
relati{'.)lrL.

   i) I3y " c]osinf.T " ]ias heen ineant', liitherto, t]ie shttttin.g, n]oveinent only.

   2) inXf;xcir,xiu,ANJr. 08g2> has observecl thtit there appears secretion "'hen tlie 1ttaf is stiin-

 ulatcd with a f.,lns.s rod or electrlcity, jtist as like when it is sti]ntilated svith nitrogenous

 matLer.
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                    Seal of the Movement

    ,l.iu.rsi'ts'igi< thinks tl}at the inotlle niechanisni of the }eaf has its seat

in tlLe inicirib and xxt'rltes as follo"'s (p. r)6g): II'1'ui inc,nibranes ot'

sheatli cells xsrhicl} gird the central conducting- bundle, are very tl'}in

and e]astic, and this inakes the inovenient ei, sy ; and thc'/, case is al$o

the sanie xvith cells of the outey epide'rinis xvhich run parallel to tl'ie

conducting bundie. 11'hese cells are vaulted xvheti th(•M. Ieaf is opet},
xvhii(". they are flat in tlie shut state. Cz.xJtx also b(ili(hxres that the

hing'e, "das Gele'nk ," Nvhlch niakes the two lobes inovabie, is situated

iii the. nTtidrib, and indeed if one coinp,ares the pictures ii') l;is,. s xvith

o.ttck other, one. niay forin t'h,e opinion that the lobc}s are i'noved. at

tke inidrib.

    On tlie otlLer 1}ancl, exrc)r>r atith{i)r xs,rl}o has worl{ed tipon t'he luaf

n)oveinent ot' /)i'oiuvea has ag'reecl xvitl} Il)txi<xvitN"s assertion (p. 2s7)

that `` the cliieÅ}l seat oÅí niovenient is near the niidrib btrt is not confinecl
                                            ,
to this part; foJr, as the Iobes conie together, e.ach curves inxNra,rd.s
acros.s its xiLrhole, b]reacltlt. " .""y.nd Gu'r'r}iNBEi{G belieN'</'ts thEi.t the case

of x•1- lclro?ta•ll(/a inEty be analogous, xvith this. 'IJhe anal. ogy is h,ig'}ily

probabl(.,, btit tlieru is no .soli{1 groun({ for raÅíutk)g 'Ia"Eix'Nit;R's an<.l Cz,xJtiL's

idea. 'l'1)e present chapter cleals xvith the inves,tigatioii carried out to

dcterinine xvhat part of th{i lc'af is (xssential for its inoveinc'nt.

                           '       '
                   a. Ill'relitninary J<.esoarches

    tn the first place, 1;iÅíix'deyEi<'s. observration about; the chang'e in the

conve.xibxr of the epidertnal cells on the niidrib xvtts t{xsted xvitli ati

ordinetry and an `` ultropak " inicroscope. Btit' the 'facts are quite con-

trary to his desciriptlon : the c'pidermal cel]s, on tlie bacl< of thev midrib

shoxv no clifferei}cc. at ,alj, xvhether tli.c, ,leaf, is open oy is ciused by

{.}iectrlcai $tknulatk)ti. •
    One may be at tirst t<Lmptecl to use tlic muLthod of comparing.- tlie
ttvical xiexvs of the 3eat' xvith respect to various ,stages ki •order to fiHd

tl}e chief, s{i)at of th{,}, i't"!ox;c/i.niLent. Il'lrL{s niethci)d ii{e.cessarily assi.in'!es

that the oudine of ti}e apical x'ie"r of a lea'f repvese.i'its th(i transv(,rse

section of the leaf, Ets the leat' is broacl(ist at tl)at parti (ct-. Fig. 7 tx.

B airicl c). '/lrhoLis.h such tua assi/in]ption is c{)' rrc}ct iLvitl} Ei.in ol.)en lecaf,

the m{.dt"ib being' straig'ht (Fis.r. 6 A), tho case is quite cliEflevent xvith

a $hut or a narroxvecl leaf, for the iniclrib ctirve$ in the$e stag-(Ls (Fi,.o'.

6ii and c:).

    Iloxv t])e curveci n:iiclrib tUters thc.). al)ical N'iexv may b(,i e.xpki.ii]ed
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and each o'f ti}ese glancls is ii]easureci xx71th respect to the tl]ree stagres,
i' t is t'ouncl tl'iat those glEi.nds xvhich lie nearest to the n]idt'ib sca.rcely

shift the,ir positlon xvhen an open leaf comes t'o the shut ancl the
nckn'owecl stages.

    If the leaf niovenient xve,re causeci by the nildrib itself actit]g as

tl'ie hing'e, those glands xvhich are stucldecl nearest to the inidrib shoulcl

shorten tlLeir distance froiin tlLe, nii,clrlb I/)y ca. :•o9• b ivliLen the leat' cc)nie.s

froni tlie open to tlie shut stag'e, atid by ca. .so9'o' xvi}en it coinos froin

the open to the narroxvecl stttge. f-Xnd as no sl}ifting of such diinen-

sions is recognizecl in I;ig. 7, it i$ certain that the inidrib is not the

li{inge. .`',"L. ii,zcl as it is also 1<noxALTn tliLat tiiLe portion of the 1<)be ]>ring

be"•veen the midrib ancl the s.lands nearest to it sc.arcely moves, one
can cot}cli.iCte tlitat iieither th<',i. niLic rib nor elke iniddlc zone is

the seat of 'tl}e responsive inove.inent, {.)r at least neithet' ex-
hibits any coinspicuoiis inoxre-ineiits.

    ll'he. ]at(rrttl xriei,xr also s.(irvc,.s t{) supporti this concltision. Ii' tlie

inoveincnt xvere pc)rfornied }py the inidrib, or by the niicldle zone, the

distal part of. this zone sho"ld inak-e. its appeayance in the lateral vie"r

as' the inoveiiient proceecls. .iX,s a inatter of fact, lio"rever, the niicldle

z,one nevctsr coines into sight tl}ro. usrhout a. Il the st,ages of the inoven]ent

(.i/;ig. 6). 'lrlite zone niitist, thereforc.. reni,ain aixvays 1)erpcndicular to

the plane of thc} pictiires.

               c. .l<esearch xx'it'h the Cross Se.ction

    lll'hct inetl.iod i.isec/1 aboi,re i.s quit(` free froni artefact.s. 'XVith it,

hoxve• ver, nothin.<.}' niore is proved tltan that the niidi'ib does not take

a dire,ct part in the leaf inovenient as. the hingcs. Ir[ence soine otl}e.r

inethocl niust be tried to ascertain the seat of the inovenient.
    x'X.bove c-tll, it is iniportEu')t to 1<no"r the forni ot' tl}e nieclian cro.ss

section of. the le.af at various. stasres. Bt}t fixecl naate,rials c.an not be

utilized for t]ie preseiztJ put'l;)ose, for, xvith tlitc)itt, ditlficulties arc nieti

xxTi{tli in attaining' the natural curvature of the lei, f, especially of that

in the. ope,n sta..o.'(s. The, ireasons are as folloxvs:-
    a) iNccorcling" to the xx7yiter's experiencci, only coiiic(inttlateCl f</>rn)a-

lilt can fix the leExf in the open stag'{i, "ThKe niany other fi.xatiN'e.g. and

various conibitaations o't' tl)eni are certain to nial<e. the lciaf shut befoire

they l<i]1 it. But even xvith fornialin, sonie clet'orniat{on of the lei-vf is

re c o .t ,r n iz e cl xv h te n it is cl e a(I. .



     Stitdies on the Leaf IVfovement of Aldroz,anda vesiculosa L• i6T

    b) F..v(xn if the clianfre in the. curvature due to t'ornialiti is ad-•

niissiblc, the lobes xvill necessarily bund further or unbencl, or even
shrink in the c'ourse of dehydration and paraMn-infiltration, as their
tissu(> is very delica,to.

    c) Even sup•posin,c.r some leaves have been inibe,dded quitc in
their natural fortn, the inicrotoined leaf is too flexil)lcv to retain its

natural curvature ri,g.idly xvl en tlie paraffin-ribh()n is Nvann(s(l and
stretched in order to be fix- ed on a slide .o.'lass.

    d) Finally, assLnning that all these difficulties hav(i, bcsen overconie,

it is still iinpossiblc with the fixed preparation to follow the successive

stages of curvature with onc and the same leaf.

    I''IoKvever, the .autho.r has contrived a method xvhich is satis.factory

for the purpose-lli(' a..o'ar-/.7iibt'dt/g'n,.e' nzell!od.

    I'li.rr.. hly cencentrate.d agar-sol is cooled down to a temperature of

                                                            n                                                           •:•/ x

  x ,,.

 --•1 1

 Fig. II.
the niedian

ag:rr-gel held

 B-D: A
sho-vs the narrowed

The slice of

  'i'

  'tt' t-' tt: ''tt tl '' t' 1' - '''t' ' i' '1 tl

   t t ttt            '                      '   ttt ttt tt t t tt tt t tt "

  'D
A: .tN.p{cal half of an open leaf, ctit aftcr itnbeclding in agar. This reprei'ents

cross-section of an epen Ieaf, t'he leaf bcin.cr. hindcred froni closing by the

 betNvccn the tsvo lobÅës.

thin section from the halved Ieaf, A. The agar being t'emoved, the piece
     stage (B). The one-layered re.rri ion of the free-side lobe is severed.

 Icatl al)iorbin.cr watcr, bend. s. inore and inore ren]arkably CC ancl D). Å~27
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aJ)otit Jo"'(;. On the otl)er haticl, th(.v plant i,s k;ans'ferred fTrom the

culture ntc/}diunri into 'xxrarnicn' an(l xi,rE).rm{/)r xvati•ey frradHallvx', zintil ,ac-

comoclatecl to a teinperattn'(, of a})out LEoC'. iXn open leaf is ('ut otf

'froiii t']iis plant at lt's petiole, ancl earriecl by n]eans ot' {a sniall .o.']ass

spnon into th{x ftfrar--sol, whicli is roug'l)ly as xvaym as. the leat' its(ilf.

'l'htis, xvithout] receii,'infr a{ii>r s.tiini.ilat.l{/r)n iti the aeTti.r, th<.- opei'i l(Laf ls

iznbe(lcled in the,. a.gar-g'cvl as it is, "'hen the afrar cools.. Il-1}e bloc,k

ot' af)'at` containing thc} leaf is tlnen cut. in tNvo ys/ith a r,azor, so tl}at.

the. Ieaf in it is halve,cl at the middle, p.erpe.ndic.ularly to tha midrib.
I:•ll2 iagel:;al,,llilif,i O,fhS.L,i,?3,i a..Pit':1),.a:,//.kL/.1.?tir,is shoxvn iTi i;ig.• Ti A,. tho t'ree-

    s'ALs the (i.uttin.o /lrix}'es rise to strong.' excit',ation, t'hig. halv(id leaf

strives to band its lo}/ es. I-Ieiice. the tlgiu`e jus.t inentioned sh,oxvs a

stttte of equilibrittin betxveen tlie force oxerted by the icaf' in its efforts

to close and the e.lastic r(isistance ot' the ag-ar-fre,1.i) I-loxvever, as the

leaf stirface does not adhere to. the aEr,'tr, its Åëlosintg' tenclency scarcely

a'f}le•cts t"he ot}tline o'f the agar outsicle tl}e 1(iaf. I-lence the norBial

cnrvatui'e of tl'ie opon Ieaf is left nioulded upon the otitsicle agar. • 'l"i}is

rc'lation of the curvature of the sectioned leaf to that of th(' agar is
shexvn in F{Lg. i2. I-I'erc, thou,g)"h the g. parsely-.(.vlancled zone (ttpp"r

rif}'ht in tlie fi.o'iire) has s(iparat{id itsc•lf
il.t/11/iil/lli•lili,ll,;i//iilllliill/i}'//ll,f/11/f•,iiiii•,lj.;.l/11'lelx•/11iliiii://,?/,(.i,?ilio.,ILII,iiill1111111iillllll;11111ii')ill/ii;iX///liliiilill'illl,l.,,.i,li,,i//,r,///i///ii•//;//////IIIi/-

lobe,s iinniecliately begin to l)ress upon ,
each oth{.tr. i'l(-nce, to investig'ate th{i >Å~

o})en stage, xve inust be c.onte,nted ivitli

a halve.d leaf ,ag ii} IVi.g.. H A, instea•d

of ,'t th{n section. :ts
    IVhen tho obstruction by the afrar the
                                        the
is ren'ioi,•'ecl, tlie sectioned ]eaf conicis

directly to the ]iarroxvecl sta.c.}'(i, .s.carc(ily

   t) -•ILs the lol)es have bent a little, the ctwvatuve of

slighdy clM'erent t-rom that in the nattu'ftl case, the

diS`a .P

..

>Pe`ii:tiilllis case, as the agar "tas a ]ittle softer thaii

(}f tlie teaf xy:ts mar'ke(l.
                    '

     .t•xN'"

     Fig. i2.
     in l',-i(T.

      n)otile
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   <hatched

   l'olvltlcr       h

     the iol}txs
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•g•,}•if.s{tt•ii,S/;stll'Sil/li'..111,"•S'tl/ll.}.
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   in the Ilg,m'e in;t)r be

 the motile zone (};ig. ]3}

       . , the separtition
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pl•Lusil')//)" ttt th() s' llut; sta.(.re, 'for the cutting' is a ve.r.sr stronl.r stinlultls in

it-s{,ilf. XVhen the gr{.xatc,ir part ot' tl•)(i onc},--lay(ired regrion olr th{i frce,-

side lobft is c.ut oflf, the rest o'f the. s(L('tioned I.)i(ic(i shoxvs N'(-ry n(sac rly

the curvattire it l'}as wl]en unobstrtict(i(l, th(i (N.ut end of tl],e i'ree-sicle

lo})(} pressit]g.r t}.g'akist the other ]o})tt, a.s in l;ig. ii B.i) 'I"he r(ilative

li)"siti{'>n of tihc. txvo encl o,s"re-l)('}i.indari"s h"i thig. fi.o.'i.n'<'t. is a little dif{lc,rent

from that in Fi.o'. g. buii the nattural cmrvatmre of th," leaf in the narroxved

sta..o'e can be cotic,eix'e.d xvell etiough. Thci f('>rm of the fisrure is x'ery

.s{nlill, r to thEl.t .,o,,-iiv'eR l')rsr ('T'OIIBET..

    XX'he,n about a half o, f the densaly-.o-laticled zone of the Åíree-sicle

lobe is cut off, the lobes are reiicl,ered freely inova, ble ,'tgain ; thay bc.nd

sloxvly on, and, afte,r passin.,(.,.)' tl•irot'i.{r]i si.]ch a sta.,c.,re as thca.tr. shoxvn in

I;i.g'. [T c, they becoine sliarply bent as shoxvn in 'Fig. ii D, after a

fexv quarters c)f an hour or so. CI,'helobes of. the leaÅí of f/I.ltlro-
7,a•ntl(r iLre, just ]ike tlic}se of 1)tbii(Tti(z (ct'. IDAi<xviN, p. 2.;7, Bix'rAr.iN,

p. }ocg), ('apal)le. of benclintt' more shai'pl]r, if ,alloxved, than
in the nat i.i ral case of the resl.) on .six' c', nit c) vem ct n t. fNL nd t.h is

nia.,y also b{) aiialo.o'ous xvith the casci, of ('in<!s'i'Ar.L]f]'.s exl)crrinient, in

xvhich <)ne of' a pair of s.tigniatic lobcs of .]f!'nutl?/s })ent so far that

it t'ouched tlie pistil, if the othe.r lobe xvas cut oflF.

    ,lÅí the f{,i.ir 1)ictur(:r.s iR llig. H are, comp(}.t(icl with each other, it

ls cl{iarly seen tliat th(i mkl(11e pertiion'of the. Ieaf, i. e. the
niidrib and t]lie inicldl{'t zones (lo iiiot cl)atng'o thekr t'c/}rni
throufrhout those stagos. tX.ncl it is prov'ed that the niotile zones
]i(i on both sides of that portion, one in each of the lobes. '}'he xvldth

()f r'he immoi,'able portion, incliicling the midrib, is tLbotit o.,s mn:t.

    Ct"hc d"nse,ly-srlandeci zotie. never chan.ges. its curvature. eithe/r, and

the bendingr occ.urs oniy in the sparsely-glande(,l zone, b()ing' es,pecialiy

pronouncocl in a n,a, yro"r portion n()arer the ini(ldl(v zone. 'I'l]is portion

Nvill be called fli(' inoli7tr :o7ic.

    rl'houg.}1i it is not sett]ecl l)y the present method whether or not' tl}e

m{')tile, zoi)e is further differc}nti.ate.d fot' the shkittinfg and t;h(L Baryoxvin{r

niovem<}nts se.parEttely, it is hrighly probable. that' both the moven}ents

ii.ra perfornited b>r one ancl th{,t sitn:te z{rme, fo, r {iasily exteii{sible and

pcsrinea})le nienibran{is are Iocatecl in the narroNv zone (see p. i66 fE).

    In addition, tbe t'oll(.}xving facts are asc(}rtaitic}d xvitl} a.o'ai' sections :

    i. 'l'1i(/) one--Iaye.r(ic'1 r{lifrion does not tal<e any ,part in tl]e closing

   i> In photo.cr. raphing.T this, the cov"r ,glass "'tts supported by t'hin slices of agat" in order

not to press and {leform t'he materlal. ']'ho piece u,ged for Ficr.. it P, "'as o.2') rnm, thick.
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iiioveinents, just corret pondii\.)' in this res}){ict/ to th(i p(iriph(ti'al portioii

of the .Z)ib7zaea lctat'.')

    2. tl'he densely-g."landecl zone of tlne three-layered r(i.o'ioti is thicker

tlna.n thcs re.st, ancl easily d{stingtiisinable also in a cross ,section.

    3. 'I."}ne niidclle zone in a cross section of an open leaf is not so
xve•ll deliinitecl as in its back xrictxv. 'But if the se. ctio. ne(l le,'tf is alloxvcL(1

to nairr<xv, the extent of. the zoiie can be sliarply deterniined.

    g. The ]obps are capal)le of benclin..ff in a fEir greater inoasur()
t-han tlLey slrtoxv in the n.aturttl responsive niovenient (cf. D). Therefoye,

thc lobes must })e pre.ssin.cr upon each other with somc str,en.gth,

"Then they are nornially in the. narroxved stage..

    s. 11)he f.ree-s,iclelobe bends to a g'reater ex. tont than
the opposite lobe. The as.yniniet.rical forni of the leaf, in the nar-
roxved sta.o-e i.s causecl by this clifferentiated niovenient {n the pair of

lobes, as xvil] be clisc"ssecl latct=

    6.. The outer epidermis o.f the free-siclo lo. bo is stretched gorierally

by inore than io, 9.(i as a xvliolc., xvhen an open leaf, con]e.s to. t]ne

narroxved statg-e, CFhe. pcrcentag'e niu$t l)e far gi;e•ater if the lcng'th

is, ineastirecl oi"y xvith the sparsely-glaltdecl zone. In the opposite lobe,

hoxxrever, the extensio, n is far less. The change in longth of the inner

epicle/nnis is s,o snGall that s.onie nieasurenients prove e.xpansion xvhi]e.

ot,hers prove contractio.-; but in any casc, the inagnitucle of the.
cha. ng'e is insignificant.

               d.. (ll:iaracterist]ic)s of the, Lr)vilotil e, Zone

    It has been cletermin('rcl that in the lobo, thero is a zone xvhicl}
actuElly bends iB case of. the iresponsive. inovenietit. Ilrhis zone is also

cUscriniina})lo. froni the rest ()f the ]obe bv the character of its cell
                                       "xvalls and of its cytoplasni, denion.g.tra,tkig' anexxr t.hat t,he zone is a

s. pecial part ln tlne leaf.

              i. (fnd•nla,!ibiz on X12" Lo•y,ci"7' .S"in:/7acc

    N,Vhen an open leaf {s viexved uncler the inicroscope 'froi'n its apex

or froni the back', and the direction of tl]e ine.ident light i.g clian..o'ecl

variot}sly, one niay perceive that a zone in each lohe refiects lis.ht in

quiteadiffe.r(:nt way from the /`est. Ill?/' g. 2, Pl. ix• re.pre.s{/.nts o.ne of

iiUSh Eca.SS.i.ii;. IIEI/.f.l,,.fpen leaf is placed just cas in Fig. 7 tx, the ina.(.r.ni-

   i) 1'n Di"on.aea leaves, BtyrALiN htts pointed otit that the peripheral portion of the lobe,
on the distal side of the vasculav 1)unclle anastomosis, is insensible to traumat{c st'imuli and
doe.s not take pai't in the leaf inovc'n)ent.
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t'ication bc>ing also the sam{i. (')nly tl'i{.} position oa]' the lig'ht soitre(.} is

diÅí(lerent, being above thc l{saf in tiie presei}t cas.e. IIrhe {lark verti' cal

btLnd in the. inicldle represents the iniclrib. ()n the ri.c.r. ht side of it.

there are seen txvo brif.rlnt arcs, xvith a clark one intei:venin..o-, xvhil(i in

th(icorr{',spoiidintt' portiot] on the left side tl-te ini(clle portiofi is shin-

iil.o'. NX'li(tn the light source is nioved, t.hc zones. on the rig'ht ancl left

indicate.d xvith arroxvs in the plate, slio. "r a g'reat deal o.f variation in

the inocle in xvhiclit they reflect ]i.sTlht, so that it is pe.rceixred that the

surface ancl the int+ercellular spaces in these zones are unclulated. .'-Xnd

xvhen this figure is coniparecl xvith Fifr. 7 A and I;ig. ii, it is seen

tl)at the zone xvitli the unclulation t'ortns the ]notile zone.

    grhe unclulation on the tnotile zone. (lisappears xvJnen the leaf sluits,

and cloes not appear again until this is quite reopened.
    "I'he. andulatioR is stretched xx'lien a sensitive le.af is sectione,d, -c s

the leaf strixres to nat'ro"r tlien (ci'. p. i62 F. N., ancl ii A). ]+I.ence in

order to obtain a cross-section of a ]e.af xvith the unclulation, open
leaves. are inibe.dcled in ag'ar-..c.l'el, lcift for seveiral days and sectioncd

                                                     //
      Y . o o...ii,,/.ill•v.••/

x:-:----p-k:=====------nv--x:4====:'=v

        T
        of the tnotile zone (thc portioil
     midulation of the outev epidermis (IIalf sehematie)
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      ()()nsl)ic"otis tindtilatio. n

     l],arclly an)r.
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       ]arg'er and 1 ic r.o'er, until

ix slioxvs an inteirmediate state

   Blisters on the bristie-sicle

  colour}ess and transparent, the sh.adoxv
         ordo.r to have the]n iinpressed
     muc,h thiclt'er thtui the,y ouf.Tht

    N"
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  cat last inost oÅí theni
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  of the iris of the micro-
   in the photograph, and
to be,
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 ligvhtJ contii]g' fr(],m abox'{i, and nial<<, tlw brisrht: spots JtLrrtLHg.'ed in tfL tiat

 ttrc, in tl)e. I)hcitof,.r,'i`aph.

     '1]h(is(i 1)list'eirs ar{i (lue to .sxi,,tcilling)" utit of the outerniiost wall, toi'n

 c)f:f froiniit the latJe'ri'Ll walls. If tlu.x maf,.)'nifi('atioi'i is in(i;r(,as(id, d{ita(::h{sd

 s<'ars of those. ]ateral xvalls are ro.cof'rnized on the expan(ling?' xval1 (l;if}'.

 .s. I'l. ix). Hitt leaf xx'itJh blistctsrs is imnrierscicl in a}i)solritc} etl]yl al{/"ohol,

 th(i. contcLnts of the 1/)lister's tLtrn dark l.)ro"'iriisli an{/l ol)ti(rEi.llrsr 1'ietero-

 .,c.,}'eiTteot}s, the rot,a,tion of t]i(" cont<ints c,t)."s.ecl by tlie pe,netratkrtg' E}.lcc}hol

 being tl}"s niacl" pczrceptible. 'll}at niavy'T be dtie to flocculation of the

 cytc)},)lasni.

      Such vesici.ilation iievei` occuys on thc. rest of the three-l,ayer"d

 re.(.}'iont) except the inotile zone. "]"he position oF the blisters c,'in ])e

 unde.rstood froni llig. 3, I'1. ix. .r-Xs the bli.sters are not cat ily reco..o'-

 nizecl in this s,Tie"', tlney ar(, diff-erentiatecl by coloarki..o' :--.`Nn is<')latctcl

 sin.,(.,rle lobe {:.}f a niaturL7L btit yoi.u')g l(Lat' is dipped in 8o9b aque(')i.is

 s<T)lution <')f acet]one s,aturated xvith ncti.iinr,al red, t'or aboLit 2s $eco. ncls.

 vXf'ter xvcashin...o.- quickly in "Tatc•ir, the l()be is la• id ()n a s]ide glass, xvith

 its euts.ide above, and is pressecl ])y the "reight of. the cover t;rlas.s.

 'l'hus only tl'ie blis.ters are co.loured by the. clye•

      ( }'e.n{irally (i.c(ittorie or alcohol enters 1{viBg- cells v'ery cli.iickly ancl

 rais. es tl}{).ir internal pressure so niucli as to inake. theni burst xvhen the

 cell xvalls can not stttncl af.',rainst it (Åëf. I-loLDHF.tDF. 'r)i). In the present'

 casc, too, acetone nit-ty raise the internal presg.ure ef all tlie cells in

 t',he ](iat', but only tl'ie c'ells in the inotile zone vesicate outxvards. It.

 is (.'onceivable, 'therefore, that the outeyinost xvall of the niotile zone is

 very {iasily ex.tensible, in contra, st xvith those. of the rest of thc} le,af.

  If a i".af is letlt in a c.oncentrated acetone $oltition t'or several. ]ninut(is,

 thc} })lis.ters, g'rroNv lari',rer, a(/ljoining.lr ones often uniting to niake a ]arg}.'(ii'

 otici-, uiitil they btirst oxving to too srre,'," exte.nsion of the "'all. G{tti.nor-

' ally, hoxvever, a 'few 1)lis.ters are. Iefti withoutburstinf;}' on or near })oth

 {'tnds of th{/} zone, indicatiiiE,.),' t;htLt t})e. ducti]ity diminish('vs towards 1)o{/h

 (tnds of the zone.
      If ca lb,ttt' is returr)ecl. to xvater from acetone xvhe,R blisteirs are raise.cl

 to soihe exteiiit, tl't(is(!} bf}c.onie sntEi.lle'r and siLialley, as the ac.etone in

 tl')eni gets, out. But tl]e Åëell "ralls xvhich xver<,-. once strezch'ed coti-

  trac.t Iittle ancl. b('tcomc} ri.uiiip]ecl 'tvhen the prcxfsi.ire in,sicle vani.shes.

  Cl'he "'al.].s are, th.eret'ore, not eiastically btit plastically extend,ed.

      Not only the. out{]r epiciermis, but also s.everal c.(tlls of, the niiddle,

    l) 'ln the one-lnyered region, sevcval cells rai$e sniall blisterg. '
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lay(Lt' raises its outcir xvall outwarcls. "rl]en imi'nersecl in acetor}e or

alc(r)]}ol. I lenc,{i tl)e, otite,r sul)q)id{i,)rm,rtl xval] is. also {/rta.sily ext.ensil)le,

thouf'rli not s(i> niuch so as the oti't(nrinost. xvalL 'I'he thickn6ss ot' the

niiddle layer is increase(1 only by t.s tinies at niost, even xv}](ir{i over-

lyinf}' epidern'ial c{ill has,'e }')ur.st alread]v.r. 'X'esiculEttion n"ver ('}ccurs on

tiitl](ir sid<i oi t]h{i iiJiner e}/)i(lernJiis, and tlie rise iti the internal pressi.ire

ot' tl}e niidclle layer never nia,kes the inn(ir subepiderinal xvall sxvell

toxvards the insi.de, bttt neÅëessarily causes the otiter subepiddrni,al xvall

to swell'outNvards. Thus i't is c.onclucled that the outermost wall
is the inos,t easily extensib. 1(i. tl]e out(iii sub('ipic16.rinal xvall

less easily, xvhile the t"'o innei` xvalls are least e.xtensible.
          -
              '
                     ii. Tests with ammonia
                    '
    If an /tZ•(lrp7,r7•7itlfx leaf is iini"iiersecl ln a strong?' aninLoni,'i. s,")ltitioi:L,

niaeeration occurs in t:he out(.i.r subepide.rnial Nv,all, and oxviii.o' 'to 'the

pressure siicldenly liberate(1 in t'hat xvaii, the otiter epicle,rniis : udden].v

bRl.o'es otitxvards and the t"ro inneir laye.rs inxvards. Stich bul.o.-ing' otit

tak(is place only on the niotife 7.one.i) and hen(:e the out(ir su})epicler-

mal xvall seenis to be diff(irenti,rtted at th(i. niotile zone from the r(,st
with respoc{i to its chctmical ch,aracter, ii} that it is ea.sily si.i}).icii.t to

maceration. The blist{irs raised by ammonia lool<, to the naked eye,
just, like those raisod by acetone, exce.ptJ foi' the colour: tlie leaf is

.o' r(ien xvhen treated wit,h acetNone, xvhile it is dark }')roxvn xvhe•n treated

                                                              ttwitll alllll'1101)i,1. '
    .Xfter t.hat bi.ilf.rin.o.'. th('L outer c}piderniis is. niuch inoi'<, elon.o.',ated

than tlie tNvQ imite,r lay(,rs. 'i"his, fftct also den"ions,trE).t(-s tliat. ,thc xvall$. .

the out"r as xv"il as tl)e inner. of the out(iv "pkkNrinis ar" ver>r "asily

extensi})]e wit;hin th(, inotile zone.

                 iii. CI'ests. xvith ni{}ehanical tensio.n
              '
  ' 'ff the dense]v-.(.)-lancled zones. of' bo, tl) lobe.s of a ]eaf are nipped
                -                 'xvith small clips from opposite direct{on.s, and the e.lipf are drawn
frraclually .ftpart fr()m eacli otlier, tl]e loaf is in ..o'eneyal torn in t.wo

xvhen th{. t(insion r(iaches io-2o ..(}'nis., th{ts break occurrin.o' ,'tt the

inotile zones. 'l.'his in(licates that t,he leaf has 1(ias.t inechanical stren..o'tli

at that zone (('x.cept the oiie--lay{ir(id r(t..c.)'ion), ancl this niay b(N dtie to

the hi.g)'li ductility ot' the txv(.) outer xyalls. .-Xnd if the o{itermost. xvall is

                                                            ''" l' 5"1(l'l;ll'Ile"[l'l'I'l'l'll"lil"1111'E' ene-]a.vet'ci{! region al.so ssve" eut, jnsi[ as in ti)e ca'se of acetoti{'

{reatlnent, '
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ob:brerx'ed niicroscopical)y, it }.)c.}h,'tNr(}s as if it Nvere a past(t at the ii}.stc-ti}t

"rhen it is brol<en by th(i tension, xvhiÅëh suf.rfrests that that part of thc

xvttll is hi,g,hly swollen and is of the nature of a sol.

                   r). 1'i'rnu'ti•b!7ily, q/ Cr!l ll"a.ll

                       i. rl"c,sts NxTltl}. al{//;ohol

    Cf}.pillary-actiN,ie stibstaiiLces stich as E•i.lcolio], Ei.cetone {i)tc., rali)idly•

enter the intercelltdEr sptLces, and drive o, ut ehe aiir xvhich fiII(rd the,ni.

NVIien an /llhlro7,a•nda, leaf is ininieysed. in such cheinicals, tlne ahr in

the transvcrse intercellular spaces, of thtt. ]obes is clrive.n axv,ay, o'ften

in siic.I}, a Nv,ay that the air xvliich is pres.ent betxveen the. ino.t"e zoncx

ancl the niidrlb floxvs toxvards the inidrib centripetally, xvhile that be-

txveeii the inotiie zone and the thicl<ly-glancled zone fioxvs toxvarcls this

zone centrifugally. II"his fact indicates that alcol}ol or acetone enters

those intercellular spaces inost ra.pidly throus.h the cell xvalls of the
]notije zone. 'l'he pernieability of the cel} xval]s, therct'o. re, i$ clififerent

in the niotile zone froni tl.iat in tine reste of the, three-layerecl. region.

    It is cletectecl f,roin thei bubbling" o. iit of air that the broa, d inter-

ce]ILilair spi,ces in the niidrib h2i.ve their op().nin.,c.rs near it$ tip. Such

openings often .g.erve for i'he entrance o.f a.lcohol, so, thact s,onie linas

of int('rcelltilicr air in the niidrib are often shifted toxvards the petiole

1)efore those in the lobe. are transferred. Jln such cases. the, latter ai'e

ofte.n clriven (ic}ntrifu..o'ally toxv,'trds tlte enclosure-botinclary. Btit suc.h,

casc-s ha,ve nothinEr to d.o xvith the a}/)ove. reasoning, that varioiis
substtinces, at least a]col]ol a. Rcl acci.tone, pass t'hrou..(,rk the xvall in the

motile zone. more easily than tl'nrotig/)"h tlie wa]Is in the rest of the leaf.

                     ii. II'ests "iith osnJaic i,Lcid,

    'l'f an !/IZ,(Xro7,a,n(la. Iea.f is clipp(,.id iH 2 0ib os. ni{c. acid for one niinute,

the nio'tile zone is c()lo. i/ir.ed dark brc')xxrn, ti.irning bl.E}.ckisl/i Ei.i'tJ('Lr ten

niinutcs. il .s no otlner part s.hoxxrs this chan.o'e in colour, the inotile
zone is cliffereritiated f'roni tl]e rest (see 'I;i.gr. ig). .•X det,f-ti}ecl figrtire

of the ini"ier epicleriitiis. in the niost cl{/).{itply blaÅëkenccl pEi.rt is slLoxx'ii krt

Iig. 6, IPI. ixt). Il'he staining' seenis to 1)e due to the coll c,ontents.

IIJhe cells ad.ioining the. niotile zone. arc. also staine.d., the staiii bein..o.''

deepest at tlio end.s ty,anreir to the zo.ne, but faclin.o.' toNvarcls the op. po.-

site encls.

i) 'l'he outer epidennis :ilso lools's li]{e this.
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the other parts,

inarked

ill o.smol
attd

layer(,d region perfel<te Systrol)he (ct'. GEi<M
'r)2), xvheroas the cells of ('it'h('r epiderniis in the sparsely--glande,d anc!

                  '
   1) IIf a lobe is cut into pieces and dipped in an osinic acid solution, the cat cells on

thc ed.o.es blacken ijrst, and then thc inner cel].s, Lhe sidc or thein adjoin;ng Lhe cut cells

blackening t`arliest.

          Fif.T. i4. .(Y p;trL of the three-lityered L'egion, iinmcrsed in 2% os,inic

         tLcid for io ininuLes. The inotile zone (vn,-in') is darkesL Å~67

    It is asce.rtait)ed by further tcvsts`) that the staining proceecLs froin

the colls into xvliich the osniic acid has penetrated rapidly, and in
e,ach c(il], fr()in the s.ide through xvhich the ac.icl ha,s entered. I{e.nce,

fl'e,xt-fig. [4 iLnd Fig. 6, Pl. ix, niay denionstrate to sonie extent, the

distribution of the pertneability of the cell Nvalls to osniic acid. 'l'hus

it ]nay be stated that the cell xvaljs in the inotile zone are vory pc-r-

ineable to osniic acid, as "'ell its to alcohol and a,ceton(i.

                     Hv• .lit•li'(xccllitlar l-"ea,!ttr(•s

    i. The cliron]at()phor()s are sirtiall(ir in the niotile zone than in
              and hc.nce tlie. green shadc) is lighter there on tlie xvhole.

    ii. The zon(). is very poor in starcli. IIl('nce the zone can be
       off froin the rest of the lobci by add.ing' iodine.

    iii. ]f 'a leaf ivhich ]itLs re,ceived a trauniatic stiinulus is iinin(irsecl

          sucrose solution for s.eve.rat hours, tlie cells of the outcn'

    the inner epi,derinis in the densely-glat)ded zone and in the. one-

           ' show the so-called `` "
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the. n)iddle zone shoxv " V'al<uolor)teilung " or `` X':al<u61cnzerl<lttftun..<r,"

siniilar tio xvhat (.}Ei<M obser}L'(/i/d "'ith /)7'osc7'(r tei}tacles. In tlie inotilc

zone ctsi)(icially, tlie cleavage of tl]e vacuoles, is so proiiounce(l that

no larSt-e vacuoles eceniain, xvh(ir(ias t'li(v vcaeuoles ,ar() {slet't into f(sxKr

parts lii thc' nther portions.

        ' e. I•Iotii Zone in the !/)i}?nat'a l.{ia'f

    [n orcler to confirm the widely acc(ipt(sd iclea of the localization
of tho seat of the niov{'xinent in l)ib7za•('a• leaves (cf. p. is8), optl.cal
cross--sections o.f thcs 1(sat' xvere inac{e xvith resp(i()t to d.ifftnrent stag'(its

ot' its 'iiiov{iinentt). I'n the lateral vicxv, the iniclril.) of l)ib7za(yr le.af

is c.urve.cl•tipxxrards throu.g;h a{1 tlie sta.(.}'es of tl)c nioveni(,nt, so tliat the

:ll:itii?li(li.aPij,,ALaifiXili<fiXX'x.iiiOt2,Scici)?ttollCtsitecri(iSe!.iJ:it thc sliap(' of tlie in(idiati (•ross

                                                        'xvEts th(.s.r(}fo. re att'ached transversel>r
)Nili,El'1.111fELSIits,iOg. :i',C" ,:1],ll,fi'6 'ilK(1"C9,m?,1; l

outlin, (i, ot' the thre-,acl not bein{r hidden . /'
                          h                  '
behincl the apical part ot' tl)e leaf,
rou.(}'hly r.eprc?,sents the transvers,e curv--

ature ot' the olltcll' surftLc(i. I"i.g.s• Is

,,L, B atid c xverci/ thus draNi,'n in tliree

suCCessive sta..()"es, and overlappcxd int<r)

Ol]().
                                         r)
    XXThein a ]eaf is t'ully opcin (j,L),

both of the, lobe.$ -, re norii]ally concave
                                        Fi,,. ito"•'ards the Hncler sicle, though (';'f. uT-• "
'ri,]Å}N'BiilRG ('26) 1}ol</ls that sucl} are 'it is

exceptional ca$clis. I''f tlie op(rn loat'

is excitcd, tlie txvo lobes be,come convex

coining very near to. eacli otlieir, the niarg'inal

crossed. If tl}e excitation is causeC{ by ...
f<)xy tilll(Ls, the slluttills..r lllov(xlllellt go(`S lllOst

the .spil<es int{nrcross ,a.t tli{)ir mid{[11e (B).2) This

to the slitit sta.o'e oi' the Alltl.7"of,(ui(la, 1(Maf.

    .I'lut it' sacli a .shut leaf i,s still furtl:ier

several tinies xvith a g'lass rod inserted bet"reen

  'i)'' No sl<etEIies of 'cl'oss sectioned open ieaves are

IguRrr'z's dia4.trainn]at{cal one.

  2) 'Irhe sth frame of I;ig. 3, 1'1. .>.gL'X' in T.i.oyi)'s papet'

c B A

     tl)ti)'

  N
      i5. Cross section of thc
 otiLc:i' sui'face of a 10tbnaea leaf, "'heTi

     open <A), shut (B> and nav-

 rt)wed <C) .
 otitxvarcls, ttnd the inarfrins

        tpikc`s bcscome int()ir-•

toucliincr th(.) sensory haiis a,

       coniinonly so far t'hat

       stag}-e iiiay corre.spond

   stlini.ilE}.ted, by totichinsr it

        the niftc rg'ins, it shuts

    founcl in the iiteraturc, except

     sl}uws this stasre.
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i.ip complete)]y, the sl)ikes intercrossin/l.r at their ba$eth .•X.nd as tl)(.t

]obes l.)rc)ss tipc.>ti each c)ther with increasingr i'orc{t, their nitarfrii:tEi.1 zones

are forcibly e,vert(ici, mitil at last the spik(,s b(icome nciarly parall(1 (c).i)

'I"his may }je. called the narroxv(]tcl stf}.g>'(i.

     If Nve coiT!par{x tlic` tiE.)'m'e.s, 'w(i s(i{} that the curvinfr of th{i lob{i,s

takes plac(} at fsonie clistance f,rom tl}e midrib, .the motile, zones be.kigr

niiich ]/>r<[>acler in prol}ortioi"t than lhose, af /ll(lroftf/-n(la, le,ave$. rl'h(t

e,vc}rtecl portioH oii (xach lobcli, which c.orrci$ponds t{:> the one-•lay{/tr('icl

re,gion of ze/lltli'of,aii(l(r• is narroxv in proportion. In .Fig. rs, as tlie

1{,)af was viewe.d from its a,p{/}x, th(.} lobe c)n tli(.x let't hand corresponds

to the free-sicle lobe of 2Il(l7'o7,a•lltl(r.L') It is int<iresting al$o to note

that thi.s lc)be bends morc than tl}e opp()site I(>b(). in many instances,
though not .so (lecisivc),ly as in .'/l!(lroz,(r.i!t?(a.

                  Mechanism of the Leaf Movement

                    A. Introductory Considerations

     1'he rosp{u)ns.iN'(, ]noiF'eBiient oÅ}' x-L{/tlroz,ai!(/a• ](/iti.vcis c:tui },)e dix'iclcid

into t"'o, thc, sl}titting aitd. thc. narrowitig nioN•'e.mentti. '1.li(.) formey is

c)i" a rti.piclity rarely fotin(.l ainoiig active m(/)vem{.mts utl plants,, i,vhil<.)

th(, ](i.tter proce<id.s so sloxvJy tl}at iti ma)f' tiake some scores of mintites

to cempletc itself. These• t"'o steps can be c]early separated froin ettch
othcnr (cf. I;ig. 2g :iL, B ancl p. 22;)). 1ience in coiisiderinLg' the mec]ia-

nisni oÅí the l(.)ti.f inovenrtent, eacrli shotiicl be treated lt)y itsc)lf.

     t,Xs .•ll(lro7Frvi(la• res('nibles l)!'ona('a• in lts 1(}af structure and in its

inocle of, ino. vein(,int, the. tNvo 1)cilong'intg' to the stune. ftunily, theories•

concernlng the m(.)toy n-iechanisni of t'h(' lattey will be referrc•(1 to,

thoi.is,h inost (:)f tlL(stn ptlrrtain to t}}e shtitting ]noivrenrtc,nt oRly. .cXncl

after th(N niotor iiiechanlsni of /llflror'(uz(l(v lyas be(,n elueiclat(Ld, that

oÅí the Z)i}r]f!eriaa xvill also b(' {liscus.s(/td. •

          a. I'o.ssil)le, .7N[{'echanisms ('ominon to th(t .Shi.ittinsr

                     an<.1 the Narroi,vitig' .TXI'oxr(vnients

     Both t]ie types of, movement are c,'tas(id by sharper benclintg' (.'}f

the m<.)tila zon(ts, as was provLrLci in the foregoing' chaptc}t i•Nts t"n(i

inotil.ct zone consists oÅ}' tl.}r{.se lalrrers of c.ells, and a.s quicl< ino]vreinents

of 1)]ant orgaii.s are, in gener,1, c,'aised by ÅëhEtnges o't' turs/'i(lity. any

o, f the folloxving four cxases can e,fifec,t the, s,hutting or narroKvins.)' niove--

   I) 'I'he extrcnne fonn uf this suu/,e. g,cnerally asstinied I)y cttt Icavcrs, is sho"'n by
I'.i.oyJ.), Fig,. 6, ]']. N.

   2) In .I.I.oyl}'s l?i.(.T. b. I'1. -Y, the right uTxl lcft is reversed tv tl}e prescnt case.
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iitiieiit. ()ti t'hein, the fii'st txvo relate to eLn incrctase o'f turgor, ancl thc

latter two to a decrease.
    fXs it has hitherto been asstimed th:•tt the le.'Lf n3oven?ent oti -'lld2'o-

zux.n(la. is pe.irt'orniecl by the i'niclrib, there is no nc"ed to inention liere

any of tho stateinent.$ niade about this p]ant. I')tit, "•rith reg,ai'd to

l)z'ontxca•, Nve liavc i'nany plaLisible theories, xvhich niay be citecl in

t]ite.ir proper calegory of possiblLTx niechanisnis. Iii the niotile zone of

jr)i'onaea, there is a consiclerable pile oÅí cells, "rhlle in Altl7'ozian(la,

there are only three cell laye'rs. Tl e folloxvinsr c,orrespondence should

be, thGrefore, assumecl when the motor inechanism ot' either one is
declucecl from that of the other.

          ,Alcl7'o"uan'(la, l)ibnae'a
      theouterepiciemis• (:.11iL6,/.iiige'5.'i?l'i,1,ww1inkXe•O?)li2'enchyma,

      the middie layer. the parenchynia as a xvhole.
                            ([.l,)gi,l'.iiAeei,,fti),kCri?'iiiiilileO:iaYi:ei)chym.,

      the inner e. pide'rniib'.

x' "{) lllcl"e.ELse of ttlr.,c.)'ol"

    i) Active elongation of tl)e outer epidennis
    ]')RoxvN ('i6) tliinl<s that tl]e closiire of Z)!'ona•"(v leaves `` is large]>r

due' to the lnci'ei, se in volunie oÅí tissues. Iy.ing' near the loxver leat'.

surt'cace." .Such tissues intist inean the outeir e.piderniis in the case of

Al(lroz,a•7i.da.

    2) 'Increase in tur.(,-r,iclity of the iniddle la}rer

    lllÅ}' the celi xvalls on tl'}e outside ofi tli{e n:iiddle layer are., on th{L

"rhole, niore e2Lsily e.xtensible than tl/zosc} oiit the inside, tirLe otiter epi-

derniis xvill be elongated inore than the inner xvhen the tur..o`or o'f tl'ie

niiddle layer increases, thus nial<lng the leaf shut.

    'I'he outer txvo xx7.ftKs in the niotilc zone of 211(li'oz,a•nd(J lecaf l}ax'e

bee.n I)roved, by nieans o.f ,acetone and ainnionia, t,o be far inore ea$il.v

extensible than the iBner txvo xva.lls in tl}at zone. I'I'ence the inecha-

nisin in questi,on is posslble. Gu'v'rEtNBEi<(; attril)utes the. shutting niove-

ine-.nt of 7.>ibna•ea leaf to. an incre,rtse. of t".rgoi' in tl'ie sxvelling+ tissue,

asse.rting that the leaf has a n{/)cessary coRstruc.tion t'or thEtt niechanisin.

j')) I)ecrease of tur{ "or

    i) I)ecrease in the-i thicl<ness of the lobes

    If the. celis ot' the inotile zone contract in their thickness propor-

tionately niore than in tl'ieir lens.th xvhen their turgidity cliniinishes,
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ti}e. Iol)e, Nvill Ixi 1.)ent mo're shi}.rply than b(,'fc)re. No oiite has as yc/)t

1)i"oposc)d t'inis tyl.)e of mcicliEL"ism.

     g) 'G){i(`rease in tm'gidity of tl}(" inner epidermis

     lil t'he turgoi' of tl]e inner {vpiclennis. Nv<ir(s clc)cr<iase(.l or annu]lecl

})y exck'ation, tli(i 1)[snding,' ot' thc} lobc> xvotild }x'} ]:)rotight about th.rouLg'h

either of the fv'lloxvinf..r "vo l<incls oiC mec.hanism,: '
     a) ('ell "'alls Nvhich had b(ien strat'ched by turgor, xv{.)-ld contrac.t

{LlastictLlly, and this shorte.nintg/' Nvould cause. th{i niovenrient. I),,•,RxviN's

('7,s) atnd J)E (ltx.x'i)oi.i.iÅí's ('76) vle"'s irall into tlnis Åë.ates)'ory. I•i,iAcp'Ai<-

i.ANiil ('g2) has an alli{icl not]ion, bi.it .o.'tiidc'icl by 'BuRDoN--S,i,NDERsoiN-'s

iclea o'f '`irrit'o-cont/'ac.tility " (`oniinon to 1)oth the 'veg..}'('itable and the

animal kin/..}'clom. Iie .'tttrlbiltc)s the contraction of tlie cells in tl'ie jnner

i)arenchym[L not. to tlyi clastic forc(, of th(i cell xvall$, but to muscle-

]H<(N contractioR of the c.ytoplasm.
     1}) 'I'h(s for<h(i ()f the out{Nr l,ftyers woul{1 be alloxv('d to coine into

acti(.}n and b(iiiid the lobe. oiLx7in/g' to tl'){.i vanis}'iin.,c.,r of t]h(, aiittaf.roitistlc

for('<i of t'h<; inn{ir epidor:niis.. 'I'his possibility is proposed by BA'rALiN

('77), xvlio xvrit(xg (p. ir)g): ``l){Lr Zustand, in xvelch(im sich clas un-

s.}'ereizt{i Blatt' lx',finclet. {st {/las R(istiltat d{}s ('l'leichgewichts. zxvis.c.h('n

z"'ei ]<vX]t(xn : ein<ir, cli('), si<'h }/)emtiht das Blatt zu schliessen-•uncl

einer aH(lern, clie siclii })einClht classelbe zu (;>ffnen." t•NVe.nn ,sich in

I;olge der 'Il<' c./izun//r atis cl{in Zellcin der obern S' eite XVasser ai.issch(`lclet/,

so xvitcl <.lcLs. Glelchg'cs,vicht fg'est('}rt--.''

     Z{iiGiÅíNsi'Jsci< ('2LS) holcls ti. siinilar opinion, l.)tit he thinks tl.xi iiii-

portant 'factor is loss of turgidit'>r iR `'die Schlossg-ewebcx," t.he hing-e

tissi.w, xvhicli lies oN'()r tlie N'ttscglar btmcll{i, ancl tliis can not be. held

in tl}<i cas{.i {.)f /i ltlro7'ti7/(la, f'or thcti'e. is no c.orresponding tissue in

tLÅë.tlOl].

     (:onabinations (.)i' ct'rtiain tixvo o'f "ch<t aboi,'e four c.ases ttre also

possil)1<•. I;or e.xtuupl<', MuNi< ('7f)) refg'arcls both th(s relaxiR/g' ot' tht"

inner par(incli)}'ma ancl tl}.e active stretc]iinfr of the. oi.iter one a,s tlke

sl}uttinE,..r ineel)anism. 'I']iouf.}'h I')i<oxvN tl}ii]l<s the incrctase in s,ize otl

th{.t c{.)lls in tJh(, x'<int]ral c)r c(.)nx'ex r(/}s.rioiiL pla}is an in:iportant r{'N)le, as

 mentioned alx)ve, lie i.s also inclincsd t:o beliÅësve t]iat a co"tri}/)utory

caus(i is -"a decreas(x in thc ti.irgor of the. tiss,i.i(is ii(yur th(i upper siit'-

 'i-ac(i." B.•x'rAI.I.N', hoxvevet`, ill sl)ite ot' 1.')is, oNvll nleasureinents xx'hich

 prox'e an ac.tual e.xtension of tlic'}, outer stn'face. di.iriiis.r the shtittinfr,

 r<il]us(is to acknoxvledgre tliat t'hcxr<i is any active., 'func.tioning}' of t'he (:)ut(i]'

 tissticis ,an{.l ref,'ai`ds such aii (/E.xtensic.}ii as beinLg </)t' .'t passive nt•ttuire.
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             },). Eviclence as,ainst ,l2)cscrease in '1rihicl<nors$ as

                      the IX,rechanisn] oÅí the I{fovenient

     .•Xs it i.s e'ttsily proyed that a decrease in thicktiess of lol}e$ causes neither shutting nor

narrowing, this "'ill be g'"Ten in the first place as the counter eviclevice.

     ].et .,NBCD (]r,ig. I()) represent theci'oss section of the n]oti]e p
zone of a lobe, assuining th:tt the t"'c) surfaces of tlie zoue inakc x
                                                                          'concentric arcs. 'II]he lengtli of the outer surface, o, ancl that of .at>                                                                           Å~
the itMier stErface,, 1, can be expressed with tlie racli{ts of cttrvattire
                                                                             r
:E,' l,nc-,li'\,"<'.Si:',[V,C'2,(•i,?,.k,l"'ewe,f,S8g,111.2C,:•R'gr,cl?,/;tji.exi.s',t'i"P-i('i . ..L))".

              i'=ai' t-d              {e --" a(r -}- d) U) A B
                                                                         o
chang [//;{i.)l't'.o i,flt,ao a,.lkCld 1:1 rbeii:OtlXing."'co:llC;anitll Yeb''l)eCLi';elY' SYht)il `l t,,'IIII/fl;wj <);crol/1>etlC.lillli'irlllt},l

                                                                       ,b•              {ll:'l.LZ'jil/.,,, (ii) lill/j,C):,1),11'ti.X//izak•fi,Il/i.lfll-,

      It'.litnitiatlngo i, o. r ELi}{I x" from thLt ttl>ove l'vitr ecptations, the• lobe. i"or explana-

lve hE"•e tlOll, see text,
                tit a.                'ti--. =-ttl ---ct--i--- (lil)

                                                      T.     'ln the upen sta..cr.e uE' ..dltli'oz,cxntla leave.s, a==230Å~---iB-o !Fo.tl estimaLed larg,e eiieugh ;

"'hlle in {/Iie siiut s{age, or'=-=o.8L), at n rottgh estiination. I'lence

                fl' .
                ,'l''' 10•49;

thttt is tv .say, the thicgtness of the inotile zotie sht,)itld be reduced t{) halt', if an opeti leaf

xveve shut o"ring to a decrc'ase in the thicknei,'s ot' tlie lobes. I3tit the thieknei's ofthe zone,

N'ie"red as in i"ig. i, .ll 1. 1 X.;, slio"'s no pi;onotittcecl cl]ttng)es as lhe rc:action procaeds, not tv

speak of such a g.. t'eat diminution as oiie hali'.

      'l'he above calculation has been carr:,ecl o!tt irpun the ittisui})pLion th:it the ottter and the

gnncr stirfaces clo not contract, eyen if the tnvL,.T.or n'iay be decrease'd so niucli as to n);,{ke the

lobes thin-ev. But tbey wottld ttlso contract when the tttrgor climimishei'. :Nnd hence the

Lhicl{i}ess of thej'notile zones should be reduced to less' thitn a halt' when the Ioal' sl]iits. Il'he

casc is .g.i;nilav ivl}en a shut lea t' conies to be tlie narrosved stag,e.

      'ln addition, the midclle layer, "'hich is the thickest ef the tlivee Iayers, it pyeventt:cl

l'rvtn reclacing its thicl<ness by tlie special stvticttu'e of it's wal]s (cf. p. ic/}3 tLnd ISig• i8).

Il'hus ;t decrease iri thickness oi' tlie lobes cttn nvt l)e the eiLuse eitli c.r of
the shttttiii gr vr of tlie nau- i'oxving mex'em enit.

                       c. ()n Osmotic V,f}.lues ot' (..)cslls

      Some aut]iors ni(-mtion the osmotic values of lea'f c{,Ils et" 1?ib7!aca.

But as sectioned pic/}.ces of leaves. are in the narro"rinf.?' pha,te. th(x

distiibtition ()f tliie skiction pressures in tl'ie iea'f in the op(in or t'hc/ $lmt

stitf.re cannot l)e. cli.s.cusse{.i xvit]h such s{tcti(')nctcl niaterial.
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     "Xll the ce]ls ()f aH z!l(l7'o7.,a••n.tla- l()af c.n.n be ob$erved xvithout se.c-

tionins., as it is tran$pareiit. But cells in tlie inotiie zone clo not
nornially exl}ibit plcasnioly$ls. 'j'hey xvill slioxv $ystro})hic contraction

of vacuol(ibes if tho lea'f is immersecl iiit stig'ar solutions o,tc., or lf they

are deforniecl. (i. g/'. fitttt(inc'cl uii.cl(ir a cover {g'lass, or i'{ soine cells {n

th{,,, tl)ree-layerecl region arc. 'Lvounde'{/1, oi' ii' c](/}ctrical shocl<s are gfiN'en

previoi.is]y. Ii'i sucl.i cases, the N'oluiiic) of the coirttrEi.ctc'•d vactioles ]}as

-o numericai cc}tM}ectioT) xvitl'i the con{.`entration oÅ}' ti]e p]asmolytic

a..{,rent tisecl, as there. is nc) r]omnt}.l plt'i.siitiolysi,s. Itlence it is iinpost ibl<,,

for the pre,sent, to find the ostnotic suction pressures of the x'ariouti
cells of x'll(li'o7,ai!(la• ]ettv('s. by tlie usual p]asmol>•rtic method.

                                   t.
              B. Mechanism of the Shutting Movement

        a. I)ecr(ia:ti of 'I'urf)or as th{i ('aus(' of th{" .",lov{iment

     BOiN'"'ttw; ('2g) has prov('d tliat tliero is ctn (sxcr{ition of <'{-11 sap

'from the s,et}sitive cells ot' th<x filaments ancl l)istils ot' various plants

xvl)en th(,y r{iac{J up{r)n stiiniiulation; (l'u'tvrJt]NBEi<G ('2cFS) and his pi.ipil

X•Xk;.iDi.iciff ('so) iiold that th(' first effect: of e.xcitation in the pu]vinus

oÅí firlx'mos(x is loss of turgor on the 'uncleir sicle. ; ancl lately Ci-ii<is. 'rtxi.L}s

('r)2) has cleni{')nstrat(icl ai} oozingr c)i.it of a tliiid froiiti tlrte ctit si.irfac(i

of a pistil of .'1/2;viulits xvhen it r(.).acts. Thus, it is considered in

genert,tl, tl')at a qtiicl< n"iovcunenti of {'L l')lant/' org'E}.n caiit be attribtited

ftar inor(i proba}.)ly to tt d(licr<iase ot' ts.ilrg,'or in sonie tissue, thp.ii t'o an

iiict'eas(>. in another.i)

     in spite of all tl]os(i (:xamples, sh<[)i.ilcl the qi.iick movemei]t oi:

1?!bi/ac'a, Etnd of .Iltlro7,aiitla, 1.)e attributed to Etn incr(ittsei of turg'or.

as (l•u'ivtiiL'Ni;Ei<(; asserts lJ 'Even l]e sflvx's (p. C)7g): '`I)ie Dei.it.ung Zui-

(n;.Nsi)};.ci<s l>at zxveitle.ll<r.)s cl{in "SL'orzvgr, {/lass die i'Xnnahnie e,ines 'I'iirsres-

c.enzNJerlu.st<is als '[J/rsac'he (iin()r yaschen Bexveg'mig plausi}.)ler ist als clie

e.in(ir Ti.irfre.scc}nz.erl]oht}n.g.'." 'i'lxL f(,)lloxvinfr experime,nt d<).nion.strates,

t.litat t}}e .s,hutitins..r inox'enit<'nti o'f .tll(lro7,aii(lrit ]{iaiL'(,s i.s not caes,(.tcl ].)y

ttn nlcl'ease oGi tl.ll"gol: ln anvv kssuc:

     lf an open leaf of the ag,(., ot' .•.No. 'Ill, or Nro. i'St' is fmin(nr.s{.td in

a o.i,i inol si.icrosc soli.itit:)11, [LiKl is stillll.1]atle{/1 ()ile iilitititc' or tlwo E•tft(,r

tlvLt]) xvit'h a tGn(ily pointed st'icl<, it reactJs ancl s}nits. I.•lut ii" the

    l> Such nt)tien h:ts prevaigucl s.ince tl)e timct of l'FEFirER (cf. Ih+'Ei+'i"J,;t{ l)p. ,io"i -3.'.

   2) 'l;he leaf is nioved' about in the soltition ,so tts tv be 1}rotight into t]iorottg.rh eontact

xvith the intcn{lecl concentration us yapidly ns possiblc. '

v
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st'inatilus is applied xvhen tlLc leEtf has bf-i,en kept iit that solution foi' a

sligl}t]y 1onger tiinc, it cannot shut completely. Ilrlie loi]ger the ininier-

$ion in the solution is prol.on.crecl, tho. $inaller })econies the shutting

inoveinent callecl fo]rth by the ci.xcitation, and at lttst, after })eing 1<ep.t

for a. ininvit{/)s-in tlie• soli.itioi:i, tiie le,ftves clo not re,act at all.i) Such

behavioir is iiLot cli.ie to a cl[kiiiLin{ition of e.xc,ital}ility, 1)i/it is due tc) a fall

in the poxve.r of rciactioi'i ; lior the thrashold stinrii/ili/is to in(li.iction slioc' ks
does not rise in cles.)'rec duringr the co, urse. of tli, at inactivation, .iust as

in I<oi<rvrsu's case oÅí 111i;inosa• ('2'f'). II'he case is also clenionstrated

by Ctl'u'e'yi;.NBERci ('2,fi), xvli{o coi,•'ered tlite o. uter and tlite. inner epiclerinis

of ,a TZ')!'on.a•ea• leaÅí xx,rith glyce.rin, the sensory ha,irs being lci,ft t'r<;(t, ancl

.slioxved t}iatJ toi.iching- of cl•}ese did npt eause thci reaction.L)

     I"I o"Tls t'he reactivity lo,st in the. sugar solution ?• llf thc sl}uttin/..r

niovc}nii(int Nvere- ctie t(],) svickinp,.' in (r)f Nvatcr fron:i tJlie. ni,iodiuni by a

certain tissu(i, the iniinobility in tt o.is niol solution .should niean that

the suc.tion pre.ssure of that tissu,e is loxver than that ot'. the .solutioR.

Itl' so, the leat' shoi/ild b(} incal[)able of shtittinsr at' the instant oil' c.ontactJ

xvitl]. the. solution, tutcl sho,ulcl iaot iiee.d to be ]<ept in tlzte solutioiii for

several niinutes. IFl]e shutting niovenient, the.refore, is not caus-
ed by s. i.ickin.,c.}- in o, i' iiEteclizinJi watc)r l:)y any tissue. On the

ot]L{/)r lian{zl, in arespect to tl'}{zi ]iart`oNving' inoveni</}nt xvliicli .is caiise.{/1 b)yr

increaso. in the turg'or of the <z)Rt(ir epiclermal c(ills., tlie lea'f be.comes

l]arclly Ei.bl{L). to iitiEov{/) as soon as it is iniirtiersc'cl in a si.igEtr soltition (p. .

i8g). .;Xncl th(.t ]atter 't'act sug'g'est's that iii so t'at' as the bendiRg- is

eflfe.c.t.ed 1/)y the increase in the turgor ancl the x'ol.ume o't tlie cells,

water il'roni{ tiic, otitsicle is r{[)qtiirc}{/f,I, tlie wat(iir otit of c.)tlx-r tis, s. ticss 1.)einss'

not suflicient lo/r tl}at. "/l s., hoxxrever, tke shutting.' n](')venient is not

<.lu<), to wEtter in the me,clizmi, it' .i.s con.cludecl, iLi,Jith his,h p,roba}oility t}'iat

thiS lllOVelllCillt is llOt CIUe tO E!ll illC'greE•LS(} i]l t;1}{) tUl'S"Ol' Of, tLl]Y tiSsU(.i.:;)

             b. New "].'heory on the Shuttipgr IXIechanism

     QuTTENBJf]i<c; ('2s) lias tii'iecl t( kiteil)i'et thc` shuttii]f,.,' ot' /..)thll(ie'a•

   1) The Ee-aves regain their inetMty if replaced in water, thottgh they eften yespund to
the stinitilns of {t siidden change oE eiivironinenta] osinotic pre$stu'e. 'L'he relatiori of siieh
disappearance :tiid recovery of niotill'ty xvith the concentration of the seltttlon, or "'iLh the
tL"e of the Ieaf "'ill be stadic`d in III':n't lll.
 .b
   2) Beside,s, he descril)es tlutt leaves coyered with glycerin slnit sluxv]y xyheti the midrib
ls xvoitndef.l. I3Rt this case belongs to thc nttrroxving process, contrary to his 1,dea.
   :s) The o.iS mol .g.ohition dist'urbs the s]mtting movement' by dccreasinf.r the {ur{r{"r of
the cell" "'hicli are to p!Jopel the inoveiuent (cf. p. i83). 'l'lcnce the suction presstu'.e ()f those
ce]l.s seeins tu I)e lo"'er than tl]ttt ol' the o.is n}ol suct'ose solution.

-



         ,S'titclies oit the Leaf Alfoveilteiit (2/ Al(li'owuHdti ves'iculosa. L. i77

 l(iavcis as clu<.i to tt less of tLirf.,,`or, that' l)(zins.r the in(.)st prol)a])1{t (;xpla-

 nati{'.m ; '` I)as l'}L}.tt ist off<in. so lan{r{i 2tl]<' Z{tll<in cl{tr Sl])r<:it{infiiieh(in

 ihre volle ll"urs,(xsÅë(inz besitzen. -l<- l}Cth(u' d{n' 'l'urf,.),'or d{n" lnn(inepkkir-

 iiiis ist-, uni so mehr v{irlitnf.r(irn si('h ihr(: Z(,ll{,n. uin so m"hr (')fll'n{it

siÅë1i also clas 'Bl,rLttJ. .I"]irlischt lhi' T'urgoi', dann fiillt tatsiic,)hlicl/ (}in

 XVkl(irstand xvefr i]cir den I"all." 'I"his vi<.sxv is conN'iiitcinf')-, }xiing' (li.iite

 sin'}ilEi.r to that of B,yrfxi.iN. But h(i has be<in forced t(r, E.vive tip t/his

 pro.visional interpre.tiaticn owiiig.' tc) thiro(i diHiculties xK'hicl'i xvill }xs i'iwn-

 tioned lctter (l). i8o). '
      'Ih]]e xvriter, hosvever, has recoiistructed tlie theory of tlie shuttin,{.)'

 nioveinont boin.o.' due to. a decrease ol] ttnrEror, ancl. by liis theo'ry, not

 only are the {/lifficukies i,irhiÅëh ('i'uT'ri;..?st'BF.i<ci m(it iLvKh solxr<id, but also

 all the other t'eatures relat{id tc) the shutt'infg inox'eni<'int are. a.c.counted

                                                              ' foir. The new theory xvill bo. aclvanced with resp(:ct to .'Ilt17'o7'a77tl(r,

 and wM be. c),xteirt(led theiit 1])y deduction to tliLe•cat e of 1)!on,ar'ti. 'IXh(i

.d"scriptic>ns xvill deE,tl only xvith tli(/} motile zone. unless otherxvise state(l.

       .X.s ha,s alrea(lv been sl)oxvn in the ease o'f the aceteRe treatm{int,

 the outermost xvall is t'ar inoire, easilv (yyten$i}.)Je. than tl](N out(ir sub-

 ('tpi(iermal xvall, ancl this xval]. af,.rain, than tl]e inn(ir su}xy)icl{,rinal xvall

 (ci'. p. is7). Oxving to the walls beinf.r of such a cl}aracter, the oHter
 (xpid(,rmis and tJhe middl('i layctr ara <incloxved xvitl,r ,ai:t al)ility tio bend

 tl.ie lol')" xvitl'} tk"it' turg.'or t'oyce. Cl'he inncxr txxro xvalls, , lnoxv{"Jey, are

 thick and th{i least e>ctensible of all. Hence tli(i deforniation is only
 sl{fg'ht ho, xvevcr strong}- the ttirgor niay bc. ; .'tnd tl]<i, cr..reater the ttirg'or,

 the n-i(')r(i iiiit:i('}xil)ly is the. ori.g.'inal curvattire o.f the IEi.J,Ter maii7Ltained.

 Thtis xvhen the threo, ltt}rers tmr<':. al1 in a turf.ricl con<ilition, the otiter

 two layers strive to be,nd the lobg, xvhile the inn(tr epid.ermis resists
 that. A.s t'h(, inntrr.r ('!pidcn"nial c(-IIs are thicl<-xxTalled, they cctn ivithsta,i7tcl

 the b(rtnding nttc.)m{int of th(/> out(}r txx'o IE}y(/-rs,i) the l(i,l[)(i tlius }wing)' put

 in tl'i{i op?n stagre. o'f unstable, (/icltiilibriuiiti,

       'lltI](i oi.it(ir epiclerniis is xvotmcl sini.iously xxrlien the 1.(ia{: is ol)("n,

 ag. slio"rn in l"l.g,. ic), whicli sugs.)'e.sts that th{'- layer is r<istra.in(bcl froni

 fre<i elonf.)"ation, name]y from bfindinfg' the lob(i, 1')y the ri.g.idn(-ss of th(;

 iiii){M' epid()rmis.

       'i.(Lt it bo a.ssumecl that xvli(in an (,)pen l"af is stimelatecl. thepe,ir-

 nwability of tlie cells of tlie inn{ir epidermis is increasc'cl as the. r(iaction.

 '.}'h(tn. t ap fronJi tli{c/z. c,ells n'}a))] l],(s 1],resse(1 otit by tlLeir owiri xv2i.11 pres-

 sure ttnd also by the. t'ore.e of the otit(ir two layors. If the turgor of

     i) iX. thick-wtlled toy-bal]oon svl,thstands a bendintt, moment witl) }ess tlexibility tl]an a

 thin-xvallecl one. 'SLreri[ictttion Qf the theory oC' the open stage is founcl on p. Tc)2,

.
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the ii]n{br cspi{I(xrntis vanishe.s in si.iÅë1/ a xvi,Ly, tli{.i oute.r {xl)idermi,s ma,y

b(i ,ftllow(,d to e]ongat{L its(,Sf' , a.nd benc{-x to 1)cNncl tlie lobe. This may

be tlne sl]ut;ting niovenient. I"}ui<Doiy•-.SANJ)]f:i{soN•'s finding.)- that tl.ie ek'ie-

trical c,hans.re which occtHJs, xvh{.in tl'ie .7?!bfia('a l(t,nt' i$ stim'ulate(l, has

itt s(iat at or n<sar th<) ulpl,i}(}•r si.irfc`i.ce oii tli,(' lamiRa, is fa,voura}])le t'o

t'l]is asstnnption. for bioclectrical chan/..r(t (espec.ially tioxx'ards mt.gativity,

as in t:he cic(id (/:as(i) is 1)eliev(i{l tJo be accompani(icl IJ})l,r inÅëireas('t of

]>(:r.miieE}.biii'ty. In the ti.boxre it is asstnriied tl}at tihe chang)"ct in peri/tie-

ability occaLirs only in the c{.}11s. of the ii'ii:i('sr epiclc}riiLai.g., the. outier txvo

layers re- niaining c.lnit(,i, turg. icl. 1.'hat ass. uniption is not far--fctatchecl;

it has been shnxvn l)y l'}UNix'iNG (',.)o, l}. ,Ei3)) thatJ tl/i(i it'ritable cells oV

.Slba•r7n(?fn•n!?x f:ilanie.nts ocÅëur only ,anioiif.).- the epiclernial cells..

     CIJhe xvrite.r's viexv cleiLriates froni Ziii(llzNsi}EcK's in tl•'}a.t t]]e latt'{ir

thinl<s the hins.]'(li tissue plays tl](, most. impnrtant r61", whiie tlie former

attribi.it(}s t"he n:techanisi'i-i t]o ito other l)arts of the leaf than tlut niotilct

zoR(i. ' i'1}(i i,v'ritc}l`'s opkliol] Cliffol's i"l'oll:l I"),1.T,xl.TN's ill txl,To poilllls : I)

'/l"lie iatter }}oliei,res that wheii; the let).f is or'>en the ini'ier si{!le, "rhich

is intrii'tsicall:sr shorter tJhetiit the otiter, is (''la.q-tically stre.tched so that it

beconios long'{'ir by stron.o.` tur..o'oi: 2) Iil'cL assunies an activ(i contrac-

tion oftiss."e,,which is not com})in{id xvitli loss, of. tur/{.ridit.y. Ilrhe firs.t

i'}oint is' also th{') inil.)ortant point i,n whi(rh tli,e xvrite'r's int{'}rpretati(/>n

divertt`es froni (;u'r'vi?.Ni}i:,i<ds provisienal omli(<luotecl oii p.i77). .X.s thc}

exLteiitsibility of {ihe cell "?'alls of tk.(i) innc}r el:}iclerini$ is verrsr sinall, as

cleinonstratecl alr(i)advy, t;}}e ass"ni])t.k;)ii oi" ,"t hi.ol'il}r elastic elon/gation

of it is of c.ou,rse iniprobable.
                                             -.     IIrhc} speÅëia,1 feattir(', (T)f tl-Le ne,xvl-v hritrodi.ic(icl i,;iexv is tl'}at in it a

eoRspici.ioi.is coiitra,ctioii of the imiter epidorrmis is not indispensal)le to

tlr)e slitittk:if.)- mov().n'ient', and, that onl.v the rela.xin.g' oi'" trhis epicl.(,irmis

'form$ tJl']</i e.aiise ot' tl'ie ntovei"rx-ts.i:it. I.t.is tke innei" c,p'; {//ie-"i:iis thEi.t

recacts tipon the stimulation, but it is tl](' out(ii- txvo layei's
th i•t t r) ropel t l'), (i sh i.i ttin .<.j,' na ov c} ii)/ e ii t.

     I)),x'r,xLiN thinks it nec.{tsssarv to a$sum(i accive contractien"of th(t

Rpper pE}.renchynia : h{' coiisid{,rs that, withoi.it t'his asstii'iiption, the lob(:

xvoi.i]cl iTiot lz)eiTid xvl'i<m inJina(hrse(l in w,r,tt(ii', })(t('ai.is<i th{' i.ipl)(',r pti.'r(:n-

chynia xvoiilcl absorb no l`iss xvat(ir than thfi out<ir (')ne. Btit ac(Norclinf.r

to the. xvritcnr's theory, the inner epiderm{s d('}es not a,}.')$orb xvat{n', t'or

it) has i(/)Stl itls S{Mlipc}lrlll<iEL])iiitY, ELI'ICI xvh(xtl ELII.iyr 1)al't oti' t}:{(N 1)tLl'(Nl't(`!3yll-IEL

absorbs xvater aiicl e.xpancls. tho. Iol/)e shouk.l bend iBxvai"ds. sinc" the

iru3er c:)picleriii3is Nxrithstcands tlie extensioR.

     XXThilo a leaf is open, a coniponent of the ttirgor force of the
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                                                         '
otiter el}iclermis is worl<in:.},' in sucb a d.irectic')n tl.iat lt tl')ic.k(ins tl}e

layer, and nial<es it ineandey sinuoutl.v <cÅí Fis..r. i:)). But as soon as
the tur..o'or of the inn(xr epidormis x'ai']ishos, most <')t' tiie tiurgror forÅë,e is

used to str<it<.tin thc nu':'tnderinf,-),' ancl tlwn to elonfrat{i the c(Llls c>1' t'ho

la.yer.i) .,'-Xt la.st, 1iox•xTev{}r. tlu' b(inclins.r o{] a lo}xi i.s blockecl bv th(i

                                               ."                                                             ttopl)osit{i on(ts, xvh{ii) th(iir na,ar.,(.)'ins com(s in conta('t xvith (itteh oth(ir.

name]y xvhen th(i leaf re,aches th{i shut st.ag.}'(i.
                                              '     'II'he suction force of tlw otiter (ipiclermis, ,Sl, is condition{ifl 1)y
                       jthe fot'i}ikulEt. '
             .s-",=,S;r,•-(.I -F li• ').

xvh('i'e .(l'i' (/]{'xnot(/s the si.iction l],ressure oir the cell contTcxnt', ": the i,x+all

presstu'e, and .y•I, the I)res,gure exerted 1)y tl)e innei' (ipiderniis. to ol.)pose

trh(i ])('Ln(linE,..,3". The excitati{)n reduc"s .il t{/) the mii,.imum, ancl 1')('nc(i

ma,l<es S: ]ar,o.'er. 'l'here,fore, xxrhen the leaf is shut, th(i outer e.picl{'Lr--

nJ!is. svic.ks in xv,ater ai'id in{/)re,ases its x'oltmie a littl('t, notxvithsttm(linf.r

t'hat .g'g reniakis constant'. ('ircunistan(s(tg as su('h. hoxv(iv(ir, will 1)(x

disc,ussed in th(i next cha,l.)t(n'.

                                     '               c. S}xittins....r IXI.echanism of tl.](i 1)ibnrxt'a l.eai'

      It is hi.n...,.'hl-y proba)). Ie that the m{Nc.hanism of the shuttinf.r of 1)lomxna,

l(iaves. i.g an,alogous with that of .dltlro7,(xnd(r• leave.s. But th(i cir{.mni-

stane(is ara. different in th<i tNvo plttnts, becaus.c the lo"!(Mr supe,rficial

"rall of tlne 1)!biia•('a. Ieaf is cutinized as in ordii}aruv land plants, ancl

is accorcling'ly far loss exte.nsible than the corresponcln't]g' xvali of the

/lltrro7,(rn(la• 1(iaf ; i) it n(av{'n' puts out vesic](i$ in ac{iton{,, ancl 2) "'heti

a surf'cLce section is. macle, the piece tl)at consists nf t])(, lowcr {Npider-

inis ttn(] some. plles. of un(lorlyinf.?' parenchyma ("olls cu}'v('is xvith tl'ie•

cipiclcrniis tts tihe c(')ncave sid(i, tiho epicle'rinis }i)e•inf.r nef.)'at'.ivci in tissue-

tension ti(r, the parenchyma.
      'll}(i ci.iticle oir t'he loxv{ir leaf si.iy'f,fi.c{,. h(/)xvev<ir, is ti,ainiwr t'han

that o. 'f th(i upper surface, as is. s.tatecl by '?',r.•N()F,vu.,i.N'!s'. iXncl wh(,ii

the tipper epid(irmis tLl('>ne or xxrith c')ne m('}r(i si.ibepicl(irmal gay(n' is

pa,rcd at tl'i(i p,t}.rt ot' the lo],)(i ivhere t]}(x m{/)ven'ient is iiLiost pr()nounced

at the shuttinf,'.)', this part of the lol)(- eurv(is. making th(Nlo. xver e,pider-

niis conv(L}.c, to the s.tunci (ixt'ent as an intact lol)e $hoxvs in the. sthut

stasre (p) iti I`lf.r. i,s). XVh(m 1)otl] th{L itm(sr ancl tl}<i oLner epidermis

are pared off, th(i par(incl)ynia inass left natura,1]y sl}oxvs niore l)ro-

    1> 'I'his vie"' "ras fiist' int'roclnce(1 l)y Zir;x;p)Ns, i,Fx';" in discussion nbout t}ie :ictlon of "die

       Schlossaesvebe."
              .7
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]}ouncecl ctirvcatu're. tlian a lol.x• 'firom xi,'bich. tl}(i upp<Nr <svid<nrmls. alone

is severed. Cl-hi.s 1)enclinf.).' force of th(s l),'tr<tsRchyn'}a ox'(llrcoi'iries tl']e

r('sis.taRc{h. oÅí the 3ower epid{irmis (mor(i propcrly, its cuticl{,). aRd 1/Å~in<ls

th(i lo.b(i (xvitliout th(ti upper epiclermis) to th<i (tsxt(int .iii.st m{'tntioi3ed.i)

     A..fter tt katl' 1i!as. reae..l'i.ecl ti. ce.rtE}.iiii nn)ti.ttu-'it>', tho tJransverg.e /gro,wtl/t

of its i.ipl,/}er el)icle,,rn'iEa.l Åëells skn`pE}.sses that on t'he'lowc-r sidc,. T}]i.is

t'he lobes t.tr('t "nbent, the b('}ncling foi`(x} of the paronchyma being
overconie by the. t.tirg.r()'r 'fo. rcc o'f the uppcnr epiderniis, until tlne lobes

                                                               '1)e.coine rather concave. atncl are curved to"'ai'cls tl.').e otitsid"-tlne, op(-n

stcage of the leaf. I)tit Es soon as, tl]c. cells of this epicler;nis 1. ose their
                                                   ,tur..o'or froni excitation, the lobes are curved inx/ arclg, by thft p. are.n-

chyma. CI.hus the ,1)ibntx('(x• leaf shut',s in a xvay analogous t'o tliat ki

xvhic}iL the /lltl7'oz,a•7itl(x leaf c.loses. XALTI}ile e,xcitecl .•'Il(li'o7,a•n(?(a• leaves

iiormally perfoirm a Åëo. mplete cl o. sur(bu, of tl'].e all-or-noth,i,ngr type, J)!'onaca

]eaxres nori'iially sho. xxr '` lpartiial closuir(ts,'' tts l>;IAcFtxRLs,LNE cncl '[')i<Oxv•N

hti.ve Ei.hrea{/fly {/lescrilz)ect Etncl as is noxv sl.itoxiLTirk in I;ig. i .fi B.2)

     rl'he, be.ncE}ig?" of /IZ.??(ro7,(mda. Iobes proc{',ecls uirtil the opposit.e. aobes

iiieet to..o'etli{.ir, bec'atise the. o,uterniost xvall ki tJhe motile zone is ver.v

easily e. x• te.ns.ibl{,i. ; xvli.ereas 1>i`on.txra. Iol./ es cca.se to c.urv'e ]/)efc re sueii

                      'externa.1 o}.)structioi'} al],)pe,ftrs, as tl'ieir ].)ei:iclin//r is res/trExkied blsr th(}

cutinizecl w•a,ll ot' the ]oxver epick/rm{s. 11r}is is the. most important
differenc<r.t. bfzatxvec}.n tTl'ie shutt'in//.l' niox,r•(iments of. the txv(') pltimsts..

               cl. ()riticism o{r Gu'r'Jr]iNBit;Rds Int.erpr<itation

     '/llhe tl/tree. reasons xi,'hy (iiu'r'i'}'.,.'Np)ERG has abanclon{'d the vi('ixv

(p. i77) tliEi.t the. $l-ixittinf.),' nit'}v{'siritent is to ba attributed tJo a <il(i(]reaso

of ttu`{roir in the inner epid<':rniis are as folloxvs:--
     (a) .,-Xccorcling t(i} 'l'lli<oxvN's iii<hastu`(in"i(snts, t'h(i. shortenin.c.r ot' the

imier surface upon shettins.r is so s.mttll as t(') 1.)c cloti}:)tful ; iii tla,e leaf

]Lvere shkTt] ]/)y 't.hcL assLun<id inie{')hE,tnisn'i, th(i <.}lastic contraction {/)f it

xvotilcl ]):,i considerablc). •
     (b) No naoveni(ini tal<(Es I)lac(i, xvln(kR th(i ul')pcir surface is covercid

                    --}-----
    i) .•)Ls "'ill he clit cussed iater, a xvound ttriven to the irritabltt pttrt oE a Ieat'-l'}lade causes

tlie narroivin/g nieehanistn to "'ork, "'hich is an increase of turgov in the parenchyintt cells,
dill'crts-nt ft'om the shuttinE.r niechanism. Btit this doc's not piee]ude the conelus. ion from the

above observation coRcernln.fs's thc extenslbllit'y relation tunonfg thÅë piles o{' ceHs..

   2) l';u'tially ciosecl l)i'cmaea leaves may Åëlose complete]y, iF thc stimulation is contintted

repeatedly. '.Vhis, ho"rever, is tL reaction to be acccunted l'or by t'he nnvroiving n]echanisn'i.

]ilence the " partiitl clvsure " is, the iinal stag,e of thc;' shtitting inoven)ent, :tnil the shtittinf./

ire-actiTon of, .Dx'ontrea is, pi'operly fpeftI<in."., of tLII-or-nothins.T, nature, as "'ell.
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wit'h a cenc{Mnt,rat<id :rl>rÅë(irin solution. ti}at is to say, xvhen t]'ie ti,ssue

n{i,'tir 'ch(i upp. er s}irfac(N is cl{,prived of watcir Vnrougrln tl'ie s.urface.

      ((') Sudd(in imni-{srsion ot' ,rt 1)!"onrura l{taf in boilin.o.- xvater do(is

not caus:x it t{'> clos(i, as 'I).Ni{xvEN 'found by exl)erin]ent, xvhereas fila-•

nwi'its of B/'rb('7'!lv, .S')tSrrrmanii!2x and 1/iVi?r•u!1!('nutm which are believ{xd

t'o react' wi{'1.i ]{)ss of ttu'fror. shoNv the r<,ispons'ive niovement 1]oxvever

quic'kly th(iy ar(i clip. p(icl into boilinf.'r xvater.

      'l-hcise tl,v'(;e points can l)(i (ms"'cirecl "rkh the xvriter's theory.

      (a) 'l'houf.?.'h trhe loss of turg'iditl,J in the upper epidermis indiices

t'h(i shuttinf.r movement, his,hly (ilastie contraction of it is not ess{intial

to tl}e i'novciment, lor the moveme-,nt is propelled })y a mass of cells
l)rins.r on the. oatsicl(i ot' that layc}r.

      (l)) XVater iJiitisiJ pc].ss diroug-h Ei. thickly cutiniz(icl xvall incompa-

rably niort"} sloxvly t'li,'tR throin.(}'h, an tincutiniz. ed one. I:I'ence., ivht'iii

th(x Lipp{ir sur;'c"tce is cov{.ir(icl xvith a Åëonc(intrated plas'niolyticuni, th,(i.

xx'ater t'l}.at are (,lciprix'(id s.1{,)xxTly {ronrt die. ti].:,,per epid<irnrtal c,ells thyoi/is)'h

tlw ('utiniz(Nd xvall (it' tiiat shoulcl cccur) must be readily suppliecl from

th{i underlyins.>' pai'eiichymatous cells s,uccessively. There.fora, if there

ls a suf:irieient .supply• of xvatcr in the conclucting s'ysteni, no cells in

th(i 1{vtyf lose tursyor, wl)ile if tliere is insii'fficient watcr, theire occurs'

`'  (iine (l'es,"1.nlti,},'ass(n'ab,(.)'ab(i," as (lu'l"pENBhRG lliniself says (p. I8o).

``  nic.kt a])er......(die[ einseitif.r(in I'i'(arabsotzung' des Tur.c.}'ors."i) in

(iither cEtsp, thc} slnuttinf.r n:iovcnient caniitot bo. c.Ei.i.isod.

      (c) 'l"h(i reaction o'f l)'t'rb('rils' <itc,. takes place wlien sensitive cells
                                                                                     'c(r}ntract; xvitliL thfi (ilastiiÅë,i't.y ot' th{'}.ir own iLxralls ((i;f. IBC;'Nix,iN(} '2. g).

i.-l'enc,e the r(>.a,ction nia>r oec"r xv!i.en those cells los" their tuirg'or

through ]):'iins.v injure{l by lviat, no niatt(n` wheth(ir other cells in the

fiIanient are t'tirf.)'id or not. (')n tl'te coi:ttrE}.iry, as tlie niovenient o'f 2i.

JT)i'c?na(ia, leaf' is pr(],pelled 1)y ttuJf.>'or of tlLe par('tncltyma, Ei.ncl not b.v

th(/r tr()rce of the se.nsitive u}}pc}ir epid(y"mis, ltself, tliLe iittoxx(,i.iiLiciit may

nt)t occurit' c(M$ ('}f the latter Etre injured l.)y heat at the. sanie jnstant
as thci t'o. irm(ir. Such a cliflf<}rence, is slnoxvn bxr the fact that the]att(,r

unclei'l>'o irLo cl}ans,e in their re.[•vctix'ity ("xen i'f (/leprixred ot' so n'iticli

xvater that l]}lasi:i-iolysis ()c.ctu's, as stiatecl l)y Bu':NLyiN(.} ('r)o, p. s8), iLvhi]e

the 1{.)ss of tl]e poxv<Lr of ir(iaÅëtion in ti,ie. Irorm{iir gees parallel xvith

loss. of ttu-gor.

      Oi:i th{/i boiling iLvEa.t(nr t:-i.xa).tion o.f open 1>i'o),2.a,tra• leaves, the. liL)trrit('ir

can aclcl a nexxr observat.ion : tlie lec}.t' sli.uts xxThen knnicrr$ed in hcilinf.r

             t tt tt-• i> 1'he discusg, ion is essentitxlly int't./.ndecl to dispttte IXI'LJItl<'s view (as in p. I73).
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wat',(Ll`, if a sensitiv<i hair is. ,stii"irttilat<id encv or ti,vic{i just; l)et'oi;(L tihcx

in]niersion. Iii g}'eneral, s(insitiv(x ]}airs must be stimulated t'xvice, th'ree

tknes c/>y ni()r('} 1/){it'ore th{x ieaf r(iacts, as li,'I'AcFtxiu...xiyii;, .BR,oxvN ancl

.SlifNi"i), and .P>i<oxx'N have prov<icl b.v (:xp(hriment.. 'l'he stiniulation c)r

stiR'ii.ilations prec(idinp. tl}<h last oi:i(i n'iay p<'xrhaps l){, raising th(i ii'rita-

bMty af tl.u, ktti.f, tl]a(J is, li>(srhaps be hriii/,..,rin{r t/'he inn<ir epfd(irmis into

a c{'}ndition in xiTl'iich it is r{-acly 't'o. rea{.)t. 'I'l'enc(x, xvhen a 'l(ia.i] stin'iti-

latecl he'f{/)reliand is immersecl in boilins.'r xv,'}.ter, the, i.il}reir epidermis

 which has beon broug'}'l)t into a hig"hly sensitive conclition inay r(iacti

sooner than the. inotor cells, ave- injured by heat. On tl]e contrary, in

ii. Ieaf xvhich is not prcviously s.tin'itila.te.d, t'hcz lcsss. sensitive i.ipper

{i piclern"iis c.aiii not react so c!tiic.l<ly as to precede the injuyy of ti}e

 motor cel}s. T].ie sensitize,d coiidition of tiae upper epidernils .s("oms
 ti(H) xraiiish in a fe"' i'i'iinutes., for if leaNTes' ar('L iiitif:i't(}rsed in boilinf.)' xvat(ir

sev{'iral niii'iutes atrt'er tl.ie p't"el{ntinarjtr stimi.]lation, thoy d{/) riot] re,a('t

and hence di(: open. .,••ll(lro7,ai!tl(pt 1<iaves are inore s(insitive than
 f)ih7ia•('tr• leaNres, the latc,n't periocl o'f the. shutting' niove.inent b(`in.c.'}'

sl'u')rt:er, and th(i moxien'ient itsel 'f }')e,lnLg' qi/iicker. 'lrlence. ti.n /1 ltlrmta-n.tlrr•

1(iaf shuts without t'ai1, ho"'ever quicl<ly it ma]i be imniersed in boiling

 xvate.r, as tlicv inimier el/}i(,lerniis ireacts to th(/s tl:iernial .stinii.ili.is beiror{i

t}w o"teir txvo lay(irs are. in.iur(id by }iea•t. Clrhe fact tht/tt .•Vd.ro7JantXtr.

 ancl st•ins,.itizecl 1)i'onu•t'Ja• leax,es react upon sticl{il(in imme.rsion in l/)oiliitf.'.r

wtttt')r, just tts, 'filamcmts c>tfi l5'erberx.ls' etc'., sugg/:-({sts 'that the shutting)'

 niovenie.nt c>t] the 'fornier has tt c}oniino. n caiise Kvitl] thci bc}ndinf.r
 inov<xni(,nt of the. Iatter.

      I-"ron'i xiLrl'iat has }.)e{/,tn taic'l. ti.1}ove., it is clear th;}.t ther(i ai'<tu no
 '
f...>'i`ouimtds let'tJ f(i}r re.iectiti/,...i- the tJh(sory t'1ia# the shui;titig m(i,N'ement is

to bc). att/ributecl t.o tl'i<r,. Ioss ot' turgor. Ju the. next place, thci nii{/)st:

 inipcnrt`a,nt foi.ir of, tlte fa(:ts xvl)iclit ('i'u'g'fi;.NBERc} coRsiclcn's as sul)p. ()i`tinf,r

his theory ot' sxvellinf.r tissue (p. i72), xi,rili ])o inent;ion(id :---

      (a) Th(i ]oxver epidennis i$ more (iasil.}; (txt]ensibl{i thEtn ti.}a i.ipp(u'

 on<i.

      (b) ']rhe 1(,af bc!coinii(x$ imn"ioi,Jable ki su{)'ar soli.itions.

      (Åë) .An isolat(,cl single lobe of ,a l(3af, or a cross-s(•ction<xl strip

 of, it. bends stronf.,'ctr than (ix,'cnr it' l"i't k'i xx'at{ir; xvhile. it un}wncl$ if

 tr,ansi'erred int{') a sufrar soli.itioii.

      ((]) .•X. surface-scr,ctioiii(ud lanri(illa of ,ri. Iobc,i ('i.irv(is itscslf inxrarial.}ly

 in si.ich a xv.'i.y that t'he {ipidermis is on tlie c.(}ncti.ve sicl('s, "rl]ich(rv{'ir

 epidcLymis, it niay 1'xi, the vipl!)vr or the lo"rer. .'X.ncl t',ho. ci.irxring }}e-

 c()nies so pronouncecl as to cause rolling' in of the laniolla, xxrben it,



       Stitdies on il2e Lea.f ?lrloz,ement qf' Ald7'ovanda vesicitlosa L• i8r)

                                          '
is imme.r,ged iirt iLxrzi.te.r; xvhile it unbo.nds w•hen transt'erre(l int(', an

osmoticallv activct solution.

     (}u'i"riÅíNBF.T<(;'s and tho autlnor's int'erpr('ttation of tlrtese 'i:o"r 'f,act's

iLN'ill ]')e giv(:n in thti ordf'tr ii'i Nvhi{sh they ar<i st]at(i{/1 abov<i:---

     (a) 'l'h(i aasiiri`iss i,vith Nvhich the loxver (ipicl('rnfiiis is extended is

('issfintial for th(i writer's i"t(irpretatien, a.s xvell as for (iiu'i"TENBERG's.

     (l)) ('i'u'r'ptiNB]?.i<c; holcls that this t]act prov()s tliat an incr(}at{" of

tui`..c.,-oi" is t}-ic, c,aiise ot' tlne inox'ein<xnt. ()n the contrar'v, hoxvever, th(i
                                                               .
al]ie,.cl experii'nent with /•lltlro7.,a7itla s!ioxvecl, b}, the time relation, that

tl](i shatt]inf.t.' inovem(tsnt is n(')t cli.i<i t'o an increas(x of' ttirg)'or (cir. p, i76).

,il lobe cannot ])/ind however .s<'tnsitix'<ily t.he ti}i)peir f}.piclermis may react',

                                                                            'if tlie cells w]}icl} e,i.re tic) prop"l th<s iJ)ioven:ient liax'{i been clepriv(,id of

tur..o,.'or by tln(} ,sxi..cr. ar solutioii. '
     ll'he latter txvo factTs.. (c) ancl (d), concerns niaterial xvhich is hurt

or cut. .X tra,umatic s.timkAus f.riven to a t]iree.--laye,racl /cg)"ion of an

.` 1 l(bjo7•,a•nala. ]eaf, caus(is a strong.r excitation in it. .•Xncl the leaf thiis

wo'ande,cl f.rets into the. narirc.}xvins.)' phas.e, passing throug]i tl}e s,hLittingr

phase. 'I'l'ie inecl-ianisni "rorkin.(.}' in the fcn'ner cic $o differs froin that

in thel,att(sr, as xvM 1)f} proved Iat<hr. Th(i portion of a .lhhiia,(?r lol)c;,

corresponding to th<x tht'(ie-layer{id r(ifrion ot' c'tn .'ll(lro7,an(la, lob(t. nttni{il}r

tliat stu'rouitcl(id by tlxi midrib ancl tl)e anastomosis of iLrascular }/)tmdl{/tss .

nea.r the margin, has a siin"ar character.i) Obs(trvations made with
s(ictio,ne,d pieces of t-l'ie leaf, tl)erefor{i, have a }:earing upon 'the na.r-

roxving n"!echanisn'i, }])i.k l'tot clirec.tl.l}r i.ipoi'i the shi.itt,hiLs,-?," i:Li{/tclni, nisniL.

>xTo ai.iti}ors 1iLti.iLr(z cliscriininatficl t'lnesa circun]st]aRces. I;act '(c) is (ltiit{x

in acc.ordance xvith t]xi xvrit(.}r's interpreta{[ion of tE•ie nEtLyrowipf)- mecha-

ni,sm ()f /.>ibiiaoa, which is qtiitfi sin"iil;ur to xvht'i.'t ('l'u'rtri;.Nm;.}<G holds to

bfi the shuttill.(.)' m("cl.iallism.

     '1'hoi/ig`h f,"Lct (d) c.oi:tcctrns woi.incl{id niL[•tteriiLl, it is important Ei.lso

in the discuss.ion c}f the s.liuttin.g' ine,chanisni, for it reveals the e.xven--

.si}')ilitv reU.ttion of ceH. xvalls in the ]eEi.f. The sn:iall extensil')ilitv ('>f

th(i xvall of the loxvt)r epiclermis (of /)i'oiia('a) seeiiis, at fir$t sif.)'ht, to

bt} verv ftrLvourablc. to <iuar'rENBir.i<ds the,orv, ancl, not to tlne xxrriter's.

But, just like o,th(.yr t'acts. it is quite in aceordanco xvit'h tha latter, as

iLxTat disc"$se('1 oii pli). i7()-i8o.

   i)A l.N[uNi< folind tliitt ctittinf.Tf into tlie i7iaixc}lna! v('g,ion of a f)lollat,tt l{ntf do not c:tuse

ctycitt{lion in the leal' at :11.
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                (i. Ilfllonf.r'a,tion olr the Out<sr ]);I)id(xrmis

            i. b`r('r,.t'rsibl(' .Zin'!('iis!bn o/!1/(' 0u/rr fl7i:!ls

    XiLrlrLen ,a sl.tt]t l<'sat' of .idllt?'ro7,tv!(l(r• is. iuime]r.sed in• a s.xigar solution,

it cloes not open xvid(i, only the margrins ol' t]],e, two lobos coniin..(,.r

i),.l)ai`t. .'Xn at'it).lo.,t,roti,s ci.tFf(ict is seen in ,1,)2b7i(.i.('a. 'I['1.ttis, le,av(is. o'f

eit:her l>la.nt c'?.tnnc)t sln}t, atnd st]2t>r opeiii even it) stin:L i.iiateci,

xxTli(in the tur..cror is l.ost xvhile the.y aire op, e.n; xvliil,c.} the>] do

notreturn to the open sta,ge if they lose turg(r after they
}}ave once shut. ('lu'rz"k'-"..NBEi<ci attribtites this irreversibility to ,a fi.xtt-

tion of the e: tensi,on of the. cell xvalls. by ..o.,.'ro.xvtin, xvh{le Zii?.c}it,.tsTspi:•ci<

maint'ait]$ that' it is due to owir-exten.sion of tlio ce]1 xva]ls. CI'he form{'ir

bases his opinion on the fact that soine niinutes arc neecled tar a shut
1>!h72aca• le-c f. to beconie iinreversibly shut, xvhile, the latter holds that

solll(N clul'atir.)ll of thll{i is llec(issal4y ev(-11 fol' EL fixEltioll oF lll(il'e ov(ts1'-

cvxtenslon.

    fSLc'cordinfir to tzhe. xvritcx.r's ol)s(}rvati(r)ns, 1('Laves otl' ei.tlrLeir plti.nt often

clo no.t rexrersibly ol!)c/vn, ex,'().n if tiney Ea.re iniiiiersed, in sti.,c.).'car soli.itions

at the sanie ins'tant as, the. sh.uttintt' takes place, CI"he irrevei`sibility is

perceix'ecl xvith t'exver exceptio. ns "daen ..'lld7'o7,(uz(la lecaves care niade to

sinut in ic.ct xvttter., and transfc\ri`ed iint:o the .st},gar soluti.oii aft(/}r beinE'}'

1<(Mpt sonie niinutes in the 'fo, rnier. IIIenc(i, over--extension niay be the

niore piroba. l)le int(.}ypretation. j'-X.nd there s.e,enis to 1)e no need to

assunie a real .,o."roxvth of the cell xva.ll$, since the xvalls of thc out(ir

epiclerniis are. hi.(,,>-hly plastic, t/s inenticned li)ctf,cro.. IExpci:inients xvith.

cacetone (cf. p. ig2) shoxv that the cluctility of the outerniost xvall of the

]notil(> zone clecreases as the 1{iaf gryoxx•rs older. 'Ilence that xvall is

grrowin.,(..r ]arg"(ir aiicl thjcl<ey, p(srhaps m]clergoing)' ph]irsico-c'.heii}i)ical

chans.)'es at the same tinie, until the leaf becom{is quite. old. '1'h(irefoc(i,

.,O.' roXvth (illtussl/lscci,l]}tioll Euld alJ}p{)siti('>ll) certail)ly (i]xisls. ()llly, itl

shouild b().:. disthiig.,'uislrL,ecl irroi"i t' passixre Ei.nd plastic stt'et]elnin,,o.,' o'f the

"ralli) i'esultin.o.' froni the s]]utting inoveni("iit.

                 L). (J'oiili'rrt'libn o/ th(' OuX(v' II?rlls

                          i. ,S.5i.i,,c.,}.'ar solut]io, n

    Si.i.,o.'ar c')ir g'lyceiriirt soli.itions. influ(ince .'i•t.l(?r),'o7,`'u!rla• t}.nd 1..)!}/J/ia.erx

leaves i.n txxTo ]Lv,'tys :

               '
   t), 'tl}is n)ay, ho"'ever, be the l'u'st step of tlie f.vro"'th, accoydin.c.T. to i'IEyN•
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     i) D(hprii,'ation oil' motilitJ>r }/)y,diniinislitinf.r t]urs}'oir (infli.ieRce i.ipcm

]n{.)tor ce]ls, .g(tci p. i8r), 1/.));

     2) Stii:iielEi.tion by ch,'mg-(t oi" osinotic st,'tt(i (int:iu(ince i.ipon irri-

ta])le cells, .s{.,e ]'art II).

     In case the first (iff'{vct Ei.pl)(iars sooncti` thai] th{i s(Lcoitcl oi)<', ol)eii

leav(is b(,coni(i imnitobile as thci}r ar(N, wliil{i ii} ti)(i rov(irsed cascli, tl}ey

shilt. XX'hich (>t' thes(i t"'o cas(is acttially tal<es place clepencls upoii

tl'ie conceiitration of th(i soli.ition aiitd the conclition Ei.nd characte,r of

tli<.} leaf. x'X.s .Z.)i'oiiaf:a• lezwe.s are t'airly cutiiiLizci.(I and ti.re niassixre, 'the

first e,ffe.{/)t is ci.pt to la/g behincl th,e s(rvconcl on(i, hc)nce it: is inore conit-
  "inon i"or op(in leti.ves to shut and shut l(ia],'es to sltvit c]osely. Alt?iro-

f,(if•n.(la• leaxr(is on the con. ti'ary, since• tli(xy let xvater li>Etss easil>r and ar(L

iiot inassiv(i, selclenit shi.itJ. in si.ig`ttr soli.itic'}ns.

     Ii' ](iaiLr(is (o'f eitli(n' plti.nt) ar(i in'imol)ilizecl in tli{' op(in stas.rci, thczy

unfolcl a little wid(ir. 2tnd,, if thc'y are macle to shut or sl}ut clos(Lly.

tlieir lob(}s coni(} apart fi`oiii ()a('h otlier ftfteyxvtLrds. k tal<(ss s{/}x'eral

hours for sliut 1)ib7ia.ca• loax'es to unfold marl<eclly 'as they arc s]oxv
to ]ose water, xvhi](, sevcral niinutes to hali: an hour su{ifices lror /ll(li'o-

7.,av!.tla• leaves to do .so. I'}csicle.s,, yoi.i ll g' 1(.}itve. s. open qtiickly

and wid{v, (ix'<in to tl}e exte"t ofbeinf.r 1ialf--opened, whileth(i
velociti}x tLncl th(} ex• tcti'] t] of tihe zin'folcling' decr(/sas. c}. as they

.o- roxv oldo-.r. (.Jross-sectionctcl til]in piec.es of .'i. I]ibna•ea, 1(,,af spr{/tacl in

.su;g'ar soltition qi.iicl<1}r--in sev(iral iitiinutes--as "rat]er is iLrery easily lost

iirL this case.
                                                                '
     Stich i.mf<)ldlng ot' lc}.Ei.}v'ors in stigar solutic)ii is naturallv di.ie t{.)

disELppearance (')'f'th{! tuygor wh{ch 1}as been stiriving to bend thc lobcis,

resi.iltiilg in a Åëontir,'tction oir tl:te xx•'alls, <.)hiefly on the. oi/itc)r

(loxvei') side.

                            Ii. Il')oilk]gr x/'cLtcr

     'XV'1},e,n /?)ibi!a•c'(i• leas'eis ar(i sucldenl}r clipp(tcl intv boiling' xvater. open

one.s (not preliminarily excited as iti p. iS2) unfolcl xvicler at the instant

oill tl}ci initmersion, ancl nttrroxvcicl ones irelax tl},e tiglttnes,s xvith ]Lvhich

the l()bes are pressed tog'e.'ther. 'l.'he un}/ cmclingJ of the lol)e•s is most

clc)airl.sr seen xvl)en cross-s,(icttionc.}cl l.)i(Åée,s c)il' leE}.f ar(v dippecl in l.)oilingr

water. 'IIrhe cause may })c) thc same as t'hat of t))e imfolclin..o.' procluc(id

by the .sugar soluti(i)n, i'or th(' cells lose turs,or 1/)y clying. Onl}' xvith

shut leaves the effe.ct is cliflfe•rent. 'Vhey seeni to bo in a ver.v s().n.si-

tive conclition, r{.)a,{Lly to ntLirroiLv, t:or the.xt' slt,ut more c'losely xvh(in
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iniinersed in boiling xv,'Lter.') '1'he. effect of contraction oÅ}' the outier xvall

is so sniall that it is not' rccos.nizecl iti this c,'tse.

     XNt'hen Ald••roz,a•it'(la leax'es., open, just shut or, ]eft s.hut t'oy son)e•.

 niinutes, are. inMnersed ii} boiling' xverter, t}}ey con]e, beforc dying, to

the closely--shut sta.(.re (Fist. 8 c), or even to stas,es a little nior{i

narroxved (l')), if they are old. If the,y are v'et`y young. on the contrary,

their lobes conie apart froin eacln. other after t'he close sliutting`-up,
soinetlnies (].ven beconiin.c.r halÅí oporriecl (if jinniature). Il]lLuis, tlie

younger t-he leaf, the niore the outcr xvall contracts in boil-
il'tf,,},' "rat()1', jvlSt aS in Stl.<,.)'t/tr $, ollltiOlls. .

                                                   t.
                      tt                             iii. tfx.lcoli(>1,

     iÅ}' a shut .l)i??f!(x('(i lec'tt' is ti"aiis, fcii-rc'id. ii)to iiioi`('• taiid ]iioi'cv conceiit-

rated ,alcohol and the.n at. Iast into xyloi, it 1)econies op, en. rE'hou/..rh

this phenonienon xvas t'calsel-v e'xplainecl l)y ]1')RoxvN by the osirnoti{.',

relatiosits in the clead leaves. ii niasr be ac(/)ouiiitcd f<}r bv dehvcliratioR

of: plastically c)xtc)nclecl cell walls at tLiricl near the loxv{ir stirface of th(i

inotile zone, for tl],e clistanc'('). bet]xxrcxen pti.i!'.s of clet's si.i,cli as 'Bi<oNv•N

niarl<ecl on a leiat' (le,crGases eL$ the 1(,'Eaf is transferrecl f'roni xNrater t'o

alcokol, and froiJii tl:tis to xylol[ (ctl. Iirable xri in BRo"r.?< 'i6). S..hut

.t' 1- l(li'orua•ii(lrx leaves, also o})eti, thoilg?-h onlj}r 1.'}artietlly, xvhen cle,hyclrate.d

in thcL saine iiiann()•r. • .
' .i•X.s, t{.) t3ite unf.olclins," ot' leaves. it] susrar .s. o]uti(/)ns etncl }L)oilin.,(.}' Nvat/'(iir,

it is not clecided i,vlae.ther tliat is cli.i('; to elasticiey,'in aclclition to th<i

l.')lasticity, ot' the walls on th(i outer (lower) sicle, or to a dc)creas<i] of

sx•vell,ii'ig', i. e. c]ehydratioit, c,aused by stich tircatnic'}iit. Iiloxvc;vcir, ji/id,(,,}'kihg'

't't`oni tlite ttlcohol--x],rlol t'rctatine.nt, tlito lattc,ir cai.ise $c)e,ins to vlay a niot'e

inip{/)rtant. r61e. thaiit the forniier.

              C. MechaRism of the Narrowig" MevemeRt

     Not)s,vitJlistanding tliat 'l)jxi<Ni"'iN nc)tecl tlxx intens(,i pressinsr togcttlwr

of the hals.'es ot' .a narrowed Z)lonac(x• lciat', soine. authoirs after 1-/]im

l}ave paicl attention only to tl}e flatt(ining.r of the. Iobes in that stage:

llltx'r,xl,.IN rci.ttribi/ites th(,) iitELrroxviiTisum)' iJiitov(lsnrient to shoi'i](/}iikz•g' or coiitr'.i.c-

tion of the outer sturi'ace, ot' the. Iea'f; and ('iu'v'riiNBi], T<c; considc}rs an

tttt ttt t tt
   I) ILeaves "'hicl) have been in tlie sliut .stas,e fer nx')re tlian a quarter of uti hour sctu'cely

reacts on immersion, perl}ttps owing to depvession of the sensitis'ity., The phenomc'na ol'

the sensitization ef op()n 3e.aves by preliminary stimitlatlon, ancl the disuppearancct of sucli

scnsitized condition xvith time (p- i82) may be ttnalogoits to the present oncs.
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e,y)inastic srro"rL'l] to b(: th(.t cttuse, xvl}e.n the leat' is, l)rovented frem

r(}opeRing.r b>r an e.v(Liir reneiLved <i:hemical s.timi.ilus,. It l)as. also 1)ec}n

widely l)elie.Nred that tlre. narroxving motrement is eff{,ctecl only 1)y

chemical .stimuli. IFhis iclea is pres{Nntecl typic.'tlly by IXIutu-!<, xvho named

t}lis mov(im(}iit' ``di{i R{isorptioilsbo"'{}t)'ui]g"," (,lisct`illliiiiettintt it fi'om

" clie l]<eiz}/ e.xveg'ung' " "rhicli is our sh"ttiBg' inove.nient, ancl h(N, ev<:ii

thotigkt thttt the 'fornier xvas conditione<1 ].)y chemical c}}anf...)'e.s on the

e..xterlor of tluL leat', xvhile the. Iatt(.}r xvas caus(id by f'orce,s in th{t 1(Laf

its(,}lf. I'ronouncecl bending.r of ati is, olated .sing'le ]obe. has be(xn s"ppos('td

to be dii(i to th(i shi.itting m{'L<-l]anism (cf. (lu'llÅ}i-;NT):i.RG cit('.).

     ()bserx'ations i.il}c)n /L(ltlrozian(ln, lioxv('x't:r, haiL;e proN'ud t]iati th(i

narroxvinfr n:ioveinent is {iffect(xd by a shfi.rper l')(inclhas...;' `)t' th(i lobe,s.

just as in the case of tl'}{L sl)uttin/,...r moveme-t., on]y th(i velocity and

e.xt<int of tl}e 1xmclinfr being' diff(/xr(int. And s{ictioninE,.e' of tl]<i leaf as

in th(, c[/Ls(i of Fig. ir has s,hoxvn that not on]y a cl}<imical but also

a t/ratimatic. stii]iulus caus<is the nariroxving' niovement.

     Tl'iat the cttse of /)loll-a('a• is analogrous iFi clenionstrated by the

'i:olloNl,rill.t,..)' (t.XPel'illlellt : ..-X /)l?;)71ac'(7, l()El.f i,vas ctlt into t],iL'o halve.s,

tl'uroug-h tlu.) miclrib lotrtg'i'ti.iclinally, ancl xi,rhen both th(/}. IialN•'es. hacl l:)ent

inarl<edly in xvater, an a,tteinpt was niade to make the cut suirfttces
(.;{)ni{e int{.) coinpl{i}t(,}. cont'act xx'ith each oth(/},r as be.i-orci. • Some t'orc(-

Nvti.s noecled. t'or tl'iat; I.)roeecli.ire•, as the nriargrinal portilons of' the 1(,)b(is

resist. XV]icn the cut sui't'ace,s were rc)stor(id to their ori.o'inal cont'cact',

the. Io}')es xx'(.ire flatt<tsnod, their niti.rf,-?,'inal p{i}rtions reci.u"ving.' oritxv.'trcls,

as in .Figr. is c. 'Irhus, it is shoxvi'i n(i)t only that a 1)ibiiae'(pt le.at'. is

brougkt•into tl}{.} narrowed stag'e by a traumatic stimulus, but also that

tho Iol)es are flattcnecl ancl are rcctu'vecl along' tl]eir mars,ins
not by a t'orc,:.t caiising them to unl)enci. but by a force tha,t makes

theni bend th(vmselv{-s inore .$tronf,.rly. .l)ib7i(rr?r• leav{.hs are
narrowed t}.lso "'ith inclu('tion shoc,ks. 'I'htis tl}(i ci/rctimstanc{/zas ai?

analogeus in x.Il(lroz'a•iirl(x• ancl /)!?ma•('a•, and the moÅëhani.s.m of

tlie nttrro"ring- inoxvment ma,y, t]her<it'oi'{", be ana.loLi,l,'ous in th{L txvo

plants.

     No tlieories haN'(i b(`{)n put foriLvard with i'c)spect to tl}e nai`i`owingf

niechELnisni ()f .,'l2(iiro7,(uit?la• leaiv'c)s. nor lna.ve (i.n}r precise. stticlie.s }/)ce.n

made concernins)' that of /)!hna('(r leav(is. 'l"h(). writer is syoing' to

(l{xmonstra,t<,E a narr()xvinf.r' niec"1ianisin xvhi<'h is. alniost tha s,anie as xvhat'

<lu'it'r}?.N-BEi<(ÅÄ holds to be the shutting ineÅëhanis. n}. (iu'y'y}/".Np,ER(Yf txvo

itoins. (c.) and (d) on I). t82, are, ind<i(Mcl, (honce.rnecl witl} the narrowingr

 mc:chanLsm, tlu,mss,li lie t't)ol< them t'or the ski.itt'ing phas.ci. (.)ther Åíact.s
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xvl}icl} si.ipport }Lis t]}eory of si,•xrellii:tsr t/isstie i.i])holcl. tts a ni,atter of

couiise, th() p'rc}sent theol`y pf th() iiai"roxviiig iiiechaiiisiii.

    IIrhe origiHa.1 proofs "Till be given xvith /'1' l(l•ro7)a•'n.(l(v :

               a. Gbserx'atlon xvith SLig'ar S. olution

    In t}.n (iarlier chapter (p. i76), it xvas no.tecl that ]eaiL'e$ becaiii:ie

less aiLd less •iii'ioxrable, tliL(i,), l()n.,c.)-er tlLey are 1(ii)t in ti. si.igar solutioii,

becoining' at last quite unresponsive. to stiniulation, iind that fact xvas

use6i to prove that the shuttintt' inovenie.nt is not dtK/) to' s, ttctioi/}in.(.T of

xvater. Iln "rhat naanner, theR, is the R,arroxving' niovenient cenditionctd

by the. su.o-a.r solut.ion P• ."1 .s this niovenaent s.t,',trt$ froni the shut stage

of the leaf, su..o'arsolution oti a certain conce.ntr-, tion can be. appliecl to

either the outsic{e or tl'ie, insicle ,alono., or to both sides.

    I. n oi"der to fi11 t,he leaf cavity xvitli sugar sol"tion, the finely pointed

spout of a pipette. xvas inserted botNveen the lo})es of can open leaf, and

xvlnen the le.af shut upon t//xi spo"t, th(x solution "ras poured into thc'

leaf cavity. .kYs tlie sensory i,i,airs iiiii/ist 1-'ita.xre bfie.i'i stin'iulatecl. by the

Hoxvin..(.l' in of, tlae solution, xv•ater xvas also pourcicl in, evc}n in 1'he c'a$e

of the control xvhich contained Nvater insicle, so as to n)al<e. the /se.isnion-

ic stiniuli g,l'iven as niuch alil<e as pc)ssil)le,. IIrlno, leave-s xvere thus

filled x•vith a stigar sol"tion or "Tette.r, an, cl knniersecl in a solution o/ir

'xvciter, so as to niE-Ll<() foui' l<iiicts of c'oiiibinatioii:

    (A) xvat(h/r on both sicl(ts (noirnial condition) ;

    (B) svi.,(.)'Ei.r sc)li.itlon ii:tsicle, xvat(ir ouitsld(i ;

    (c) Nvater iiisicle, si.igar soli.ition otitsidct ;

    (D) sugar solut'ion oR bot!} sicles.

    ]k clicl not tal<e io .seconcls to pour th(,L soluti()n oir xvater into thc}

]eetf cavity ancl then to transÅíe.r tl}at leaf iiito the ne.x.t inecliuin, picl<ing"

tke pc)/eiole xvith a pincetce.. [I.'iien a stron.,(.'r indtictJion .shoc.ls'. xvas (',},p-

I:)liecl as soon as the. Ieat' xvas ii:iitinerse.cl iiii tlte, seconcl nrie.cli,tnn, t'o.lloxvecl

bv txvo ]nore s'hocl<s x/7ith aia interx,ral ot' 2o seconds bet"Teen each.
 v
    'I-he, progress, of tine narroxvi'n.<).' niovenient xx'as e.xpress(ed by tl'ie

diniinution of the distance betxveen the enclosure-bov,nclaries of oppo-

site, ]obes, tlie distance in the. shut stas,e beinf.)" asstinie.d to }xi io.

tt)k, ck experhne.nt "•ras n3ade xvieli 1.eaves belong'ins.r to t'he. saipe xvhorl,

one or "vo le.axre,s. i.is.i.ially beiR//,;),` ptit in each {i)f th{].}, f(/,i.ur conclitioi:ts.

    'Fig's. i7• A, i}, c and i) r(lipi'esent tl}e narroisrit]..(.)' pi-ocest of fotu'

le-c ves bel•onging to a xvhori ot'. the age of, LNI•o. .III, each, in one of the

above-nii{i!i:itioiited coi:iclitions, tx, i/), c an<Ll D resl]}ective]>r. 'Il]h(/.) si.i6-

roso soli.iti.on iLxTas o.2 nriol kit concentratioti. Ilrhe, cases givcuL are
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          .Fig. ,z7. "'!ocles of progress ef the nam'o"'ing n]ovenient representcd
        })y boundary-clistance (shut stage-:-io), "'hen, .'X. : ivatev is present on both

        s{des ef the Ieaf; lg: "'ater outside, o.2 inol sttcrose soltttion inside; C:
        Nvttter ins;.de, sucrose ontside; and D: sucrose on both sides. ]];ach ar-
        rosv indlcatcs the instant of applicatiori of a stronf.r brealc s}iock.

representatiN'e, ttnd t]h(.irc xv{/"re {)t'ten ccas<is ki xi,rhicliL l<.zss Ei.ppar(.)nt

clistiirictioiis coiild }./)e. perce.ivecl. .
     It is ol/ vious from tl'}e. fi'lf.rure, that a irathe•r conspicuous mo]Ltement

occurs soon aft(ir thci fir,st stiiniila.tion, if ansr one side of the. IeaÅí is

in contact xvith xvater, xvhile only a negii.o.`ibl,e niovcnient can fo,lloxv

t]he strons.>' (.:xcitation, if tli(i siigra,r solutio.n ls pre.sent on bot'h sid(,ti

of it. C['his 'forins a striking c.ontrast Lvith tl}e c.ase of the shuttitig'

niovcnrtient, in xv]'iich aH open leti.f can shi.it alniost coiitipl(z}tic}.1>T if .g.tiiiLi-

ulatecl "rithin a fexv mi•nutes aft(i{' immei-sion in the sugar s.oltition.

"i'he naryoxvinf.}- niove.nient niust bo due, thorefore., to the sucking' iil.)

of niecliuin xvate.r by soine. Ieaf. tissue, xvliereas tlie shutting' is not.

[11 a o.Is lllol sucl'os, (), sokltioll the llal'roxvillLg nlov()lllellt ca.ll pl'oceed,

tl}ough only .g'radually, xvhereas as (lescribed before, th(i. shutting
movelllellt catlllot, if tlle illlmel`sioll is l)1'OIOII..O'ed.

     .['I s the narro"'ing' nioxrenient is catTscd b}' th(x sticl<inf,r in (.>f,

environniental xvater by the cells xvhich prop, el the• naovcnient, p'rof.rres. s,
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of the, nioveniont in o.i.-) n]ol solution necessarily ,ine'.u]s thttt those

cells 1'iE"'o a stropger suctioiQ preissuro thcfn rlaat solution. .Iiit the

shutting phase•, on the contr,ary, as those. cells are deprivecl of the
:C-g,O'`,,IX)g'1,i,t,k,'?[,.,])8S,g,il•Sas'k.//gk':R.1,,e,,O,11.C`V,1?ili'k'.ii,liliJeeOVe'].?ii:ZS.1iZ.h'

cleduc(Nd that xvhen the, le,af ls in the. narroxvin.o,' phase, the osinotic

si.iction pre,sc.si/ire oti thcts. I/)ropcxllin..(.,; ce}11s is raisecl t'roni a loxi,re,ir t(J} a

.liLighet' value than tlLat o. tl the o.is niol sucirose soltition. 11?)ut] t]ie

si.iction pressi.ire is not rta.isecl as lrLig'h as tliLat of the o.2 i:tiol sc)li.ition,

for thex naovennent cloes not procec.'d in this sol"tion.

                     b. Obse.t"x'cttion xvitli Ace.tone

     .IXcetone, or alcohol pe.iletratcis into iivinsr ce.lls of /tlltli'oz,(uula.

Ieaves v<iry quicl<ly ancl raisc}s, the}ir internal pye•ssure so niuch as to

})i"oclu()e vcisiclo.s ln the "ralls of the ot}t(ir epicle.rmis and of the miclclle

laye.r in the niotile zon(x t-ts slioxvn in Figs. "ancl s, 'l."1. i.'. It is, nioro

inte;'esting, howexrc),r, to Hotice the•guickly proceecling narrowii]g' moxr{z-

mcmt in ace.toiie, ai:td. tlLe connec.tion of iti xxTitlL t]t(i proErress of' tlie.

vesicultLtion.

     ,x'Xs soon tts a .shut leat' is ininiersecl in an acetone, solution, the

inai" f.'rins o'f iits lobe}s besrin to press i.il;}oi'i {/,a{/)1:t othc}r, at]('l .it finishes

            - -l                                      io seconds, or xvithin a fcsxxr scorestlie narroxv/nLg' niove.nient xvithin

ot' se.concls in t]ne sloxvest ct'Lse. Sucl.i a cluick nanroxvintsr nioveinent

neve.r occurs, when the. ]csa'f. is ordinarj]}r .stimtila,ted, howevorr intensely.

     f-X..s ,'}.cetoi.ae is cal:,)illary-actix'e, it iriii.,(,,.l"ht bc} al[)1{.i. to <.'}iittc}r int<') the,

c.avity xvhich, is enclosecl by thc. 1()bo.s,, thro"g'h thc}, rkns of the.ir niay-

..c .riiit$. Il3"t hEi.rdl]sr any cli.iantitJy of it ca" g'cit in, E•}.s xvEtt(.ir is. c()Hstanti}r

fioxvin.o.- out throuf.rh there Nvhile the n[•LrroKving' nioven]ent proce,ecls.

[l."h{i)rciÅíore, it is oir}ly tho, outer s, i.irfacc, otl', the leaÅ}' tl:LEa.ti is in contact

with tlie acetono, aiid acetone inu.st pen(.}.trate. first krto tl'ie out'ei' e,pi,-

clermis, tl)ein into the inte,rc(illular spacc,s ancl the micldlo ]ayer. Hence

thc•t .{nternal .pre,ssure of. the out(Lr epidernais. is raised nia, rl<eclly 'first,

and then tl'iat of the niiddle. Iasre.r. Thus, tl,ie above experiment clem--

Ol3StratCIS tllat th(}. nELI'1"O-Tilll)' IUIOVe•lllCillt CELI] OCCUI' if tilC).

t]urg'or pres. sLirc! of. the otite. r e.picle,rinis iiitcreases in i.!ch.

r2"la.e rClc of th{'L, miclcUe laye'ir is also indisputable, /for its int(srnal pres-

sun'e. must l3e raiE'ecl to some {s-xtei'it, sick! by si{[le xvith tl'Lti.t in tlw

oute,r epid('}rniis. •
     G'enerally, sligl}t N,esici.ilti.tion can bei readily $ec}n iLvhen tihe nar--

roxviRg inov{/').nTtei:it is fiiiLi$h{.xd. 1,lluti if the 've$ictilation proc.eed,s so
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quicl<ly as "to coNrer inost of t]ie inotile zon(.i before tke narroxving'

nioveinent coines to its e.iacl, tlnls sroes on no 'further, ancl the leaf dies

injured by acetone at soine interine'di,'xte stage bet"reen the shiit aBd

the nrarro"Ted. 'I'hi$ fact slitoiLvs tl}at the ncarroxvin..o' lnovG.n:teiit

can pros.r'ress no ftu'ther if the cells in tlie outor epiclerniis,
or those in, the niiddle layer, too, do not increas' e tlie{r transver-
sal tension as a iresult of the bulg'ing/)' out of t-he outer xvalls.

    XNJ'he.n t"he internal pressure o'f the inotor Åëells. js raised quicl<ly

by kniiLie,rsing tlie leaf iiri a concentratecl acetoiite s. oltztion, both the,

narroxving niovenient and the vesic"latio.t} proceed qulcl<ly. 'But the
fornier cannot be acce.lerated so inucli as the latter "rhen the acetone

is hig'hly concentrated, t'or tlie niotor celis niust overconie various
hindrance.s xvhen they are proniotin/g.' the inoyenient, as xvill be nien--
tioned later (p. 22g). 'l']iere.fot-{i, xvhen the acetone is too 1}itghly

concL'Liiitrate.d, the vesiculation proceecis t]aster thaR tliLe niovenitent, tlittis

mal<ing the/i leaf narroxx, no nitore. thaii to an intermediti.t(,i .stJage. ]i)xrei}

iiit c.onc;entrat{/}cl acetc)ne., hoxvevcr. no vesici.ilatioiit occi.i'rs, if the letxf

ls so olcl that itis nieinbrane has lost its high e.""tJensil)ility. Il'n sucl}

cases, tile 1]turl'oxvill.O.' l]lov•e.nlorlt call })e collll)ieted,.

    I'n order to see the e'ffect of the. coHcentration of ,acetone and the

age of the. Iea'f, every open len,f froni INo. 1 to XIIIII in a.,(.'re, oÅí an in--

clividtial plaiiit, xvas iinniet'.g. e.d in one c)ii il'otir cliflferent solutions (2o,

4o, 6o ancl 8o96). T]i(i tinie requirecl to finisl] tlke narro"'insr inove-

n]e.nt irit th<i solution, and the tini(/i) L'Llapsed before the f{.)rnrtation otl'

sniall blisters, xvere ineasure.cl,, tlie. result being shoxxrn in rl['able, i. Il:he

cluration of t4ne inoveinent "'as c'lenotecl as infinity if it stoppcd before

reaclting ti}e narroxved stag]>'e, xv]iether the niovein(.x.nt xv,as $toppecl at

the clo.sely--shiit or an aiinost narroxveid stag'e.

                           'irable, i
    'l'iine iti lli secvnds.
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    lt may be seen fyom the tcab]e that Åí'l}ere is a tenclency for both

the moNrenient and the vesiculatioti to occur faster, the younge.r the
leat'. Tlne inovement oÅí young leaves proceeds faster tl}an that of older

ones, because the various factors xvh{ch oppose the move.ment tLrc,
xveaker in the Åíornier; aRd blisters rise cluicker in the forme.r, beca"se

the cell walls are iiiore easily extensible.

    XVhen a leaf of Åíhe agnye of No. I was clipped IRto 2o9o' acetone,
the vesiculatioii appeetred niuch sooner than thc niovenient (ct'. the

table). ]')ut a,s the blisters gre"r and e.xtendecl sloxvly, inost of the
niotile zone xvas free froin vesiculation before, the leaf narro"red. Il-Ioi')ce

thc inoveinent coulcl be finishecl. '
    l't' leaves are left i,n an acetone solution for several mkuites, all

of theni becoine xvideiy open, xvliethet' they have narroxvecl con]pletely

or have stoppecl narroxvlng at sonie. iRterniediate stage. CI]his inay })e.

d,ue to penetration of acetone into the inner epiclerinis,, after it has
pe.ne.tratecl the otiter txvo lasrers. and tl}e xx7ritci.ir's l]'}terpretatioi} oti the,

open stage, that the, lnner epiderinis' strive-s ag'cainst the bending of
the lobe xvhen it is, tiirg.id., is. confirnied here af,g'ain. In the a• bove case,

aLs theli otiter' txxTo lasrers have lost the Å}'orce xvliich etiabies theni to

bend the lobe on accoLmt of the xreslculc'ttio", the leaf opens wider
thari the norinal xvidely-ope'n sta:re, each of the .lobes pre.senting tl)e

c.haracteiristic curvature, ot' the tzirgicl inneir c/piderniis alone. Ilrlr.Le inn(}r

c,,pidernial cells lose tl'ie seinipernieal)ility xvhen the leaf sl'iuts, but

acetone is able to raise, the hyclrostatic. pr(,ssure of those, cells by it.s

quicl< p(.inetration tl}roug"h the c.el] "rall.

    }.nanitttttre 1</,tsaves open in ac.etone very quicl<ly, perhaps oKvit}g to

({uick penetratioti. Fcre.xaniple, wh(/m aleaf of thc) afre of ISTo. Il xvas,

ii'i'iinersecl in goOfb acetonc solution, it instantly l)ecanite cl()se•ly-shi.it,

the, vcssictilation 1)e.c.'ran in s seconcls, Ei• nd a stidden separatioti of, th(L

lobe inarg'iiis took place so seconds after tlie ininie.rsion. III'lxr. Ieaf.

"rent on g'raclually ope.ning, and b(/carne 1'ully op(xn 8o seconds [Lf'te,r

th(). illllllel'SiOl].

    ()f the aboxre txvo obserN•'ations "rith sug'ar (a) and acetone solu-

tions (b), the fornier has clenionstrated thcat the narroxvin.g' niovenient

is duc to taking.' iR of surrounclifi.o' xvate.r by soni{i cclls. oÅí the leat'
,

and also that it is accoinpaiiiecl by Ei.it iiTtcreE}.$e ii•:L tke' suctioi'i pressure

of the ce.11s ; xvhile the• latter has proved that the narroxvir]g inov•enieRt

c.'tn take place if t'he internal pressure of. tho oute•r epidernial. cel.l.s,

ancl perhaps also o'f the niic{dle layer, is raisecl, an<1 also tliat tlie inove-

metitti ct}.n i]ot l)]rocecicl if tho,sct cells l,osc that' pressi.ire. I't niay be
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coi"tain, th<.)refor<i, tl)at the iitarroxvinf}.' mov<.tni(`ntJ i.s caus{Nd })y

ui) incirease {:)t' osmotic vali.ie Etnd t'urg.ror pressi.ire ii} tl}e
cells of the out](tr epiclerinis or of the otite,r txvo la.v(srs, IVI}en,
iri xvhat a r{i)lation cloos th{, niiddle la>r•(ir stE}.nd to the ()uter {/ipick'nnJiiis

in its action of l)ropellinfgr tlie niovenient:J CI'he- osn)otic. value.s of the

cells in .'1.lrlro7,txntla. ](,avc:s cetnnot bc niciasured by plasniol.sttic te.sts,

as "rcks notecl bef(J)re, txnd henee xve ttre obl{f.red to ttdopt inclirect

metho(ls ;---

              c. ()bsc,.l'Nr[ltiollt i,vitll .,'X.{)'ar-LSeCtiol)s
                                 .b.
  • "Si]L'hen an ol),en le,af iinb(iclded in a/g.ar-gel is ci'oss.-•sectione.d, tl)e

lo})es, strivingr to n,'}rro. Nv, coine to 'the sta.tei slioxvn in 'I;i//.r. i2. i'f tl]e

n]otil(i. zone of one ot' such ]obes is exainit]e•.cl xvith his,h in;tg'niflcatio, n,

fi.o`ui'es such as. those seen in Fi.g.,'. i8 tx ean be often observed.

                                 !      '///iZ.ifil,ithwwllllll;,lllZtll'l}iilllii(lil;//////////ne'

              ;ILZ/.vaC/.,].,

    4Z7.
                   .x
        j;i(i. i8. Cross section of tl]e
         ts
      th{L• lobe is hindered by the atsar

      hy renaoving thls.
      side "'ttll of the ;niddle laver
      lob?. beinsf presscd flat

    ln thc lateral xvaHs ot' th(i
v(•}rse lines, reai]y thic.l<ct.nings

seen in the flat position of thc}
];igr. i8 c. 'i'hey call stipi:)oi-t,

niidd}e ]ayer

froin approciching towarcls the '

   'l'f the agar heicl betxveen
iS tN is allowed to bencl freely,

the effort. of the outer '
sxvel]in..(.;' outr. and xvi'inls'.les of its

           va7tLny ---
                     loo sL B
                n]otile zone, .•N.: xvlien the I)ending ef
                (hatched), and B: xvhen it is allowcr(I
        C; The pt'otlle of thicken{ntgs und fm'voxvs on the
               seen throut..h tlie oute-r (rpi{lei'inis. the

               middle layer, tliteye are numorrous trmis--
              ancl ftirroxvs xvhich niiay b{.i. also (.sl(/.}arly

                 l`)bc:. IiLighly n'iagnih'"cd, as shoNvn in

               ivithoiit cl,oubt, tlie tliicl<nctss of tlic

unaltered, so that the outer subeplderniEtl xvall is restrainecl

              mller (ipi(lel-lllis.
              the lobe,s is rannovecl, ehe•. Iobe in It3g.

                rc'iachin(r tlie state. shox,LTn {n iS B:
                      .b
         epid('r,rmis to beBcl is acconiplifhe(l, and the
                inner xvall vanish. ,Sueh behaxJ•ior ot:
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tiux outer (/}piclc),rmis reniin{Lls tis tJhEi.t t'he ttirg.r(>r e.xpan.sion of tliL{) layer

plays o. niajor r61.(.i i,n the. narrowing niovement. Tlie x/ralls of' the inne.ir

epidermis are pucl<erecl forcibly in l;ig. i8 is, proving?' tl'ia,t that la.ycr

cloe-s llot p,lrticil)a• t(.). ,'Lc.tiv•e,]y ill the llal`1'oxvill.c)' IMovel13ellt.

                  (l. [l"hicl<ness of th</i 1}.ayers

    .Fig. i, IPI. Jx xvas. tal<en uncler presf "/re of the covor glass. ]?)ut
sii}iilar titt'ure,.g are. o}')served alon..(.lr the nio, st curvecl naotile zon('.s, xvitl}

],eaves xvlzLich are suppert]e.cl in xvater quitc. freely. Il'Ience the thicl<ncss

ot' the cells. in this zone can be. nieasurecl at the o, pen, the s,hut ancl

the• narroxved s.ta,o.'es of a l<}- at'. '
    rl'hough the change. k veiry slnall, thc oLiter epidennal cells anre se-en

thic]<ened NNYhile the. Ieaf is jtistT narroNvin..o', approachin..o' then rou..o'hly

to the'ori..o'inal tl}icl<nes$ as the. sta,g'e draxvs nearer to the ultiniato•

narroxving-. "l'o our ye.gret, hoxvever, the chan.o'e in the eliicl<ness of

the niiddle layer cannot be inea.sur(i.d. acc-rcrttely, because the inner
.subchpid,('irnial xvall is not xvctll focusse.d.

                          '
      (i. .7N'Iiscelkine.oi.is IIt)(i.n'!arl<s on tln(i, NTcariroNvin..c..r i7N'[ovenie.nt

                  i,. I<61e ot' t]:Le. i'iii{ilclle laxrer

    The observations. niacle xvith ag.'ar.-sections (c), seeni to proxre that

the iniclclle layer play$ a less ttcti,ve r61e in the narroxxring' niovenient,

i`ise o. f; tuz'.o.'or in t}}e ncarro"rin.o' ph,'t.ge bein..(.r doubtJf.ul. ill ttt even it' it

niay not xvork activel.y, it, lias stftical function,g: i) it inaintains the

rig.4idity of the) lobe, 2) niakes a ctishion he-.t"r<ic':n the inner ancll the

outer epiderniis "rl3ich stretc.h or unstiret-c.h in diflfer{'i.nt inanners, and

3) niay help to bencl the ]obe xvkh its usual tur.g'or, as its outer xvali

is niore ea.gily extensible than tlie inney x'vall (p. i67).

                ii. 'Sl]L7'extc.)r szipp]y to motor ccs,lls
                                              '
    .'-Xcc.orclin.(,.)' t() Fi.g.. i7, tlne i:La. rroxviii,L.(,..r iaio, veinent li>roceecls fti.ster

"rhen xvater is 1)rese.nt on the, outsicle of tke leat' <B), thcin "Then t'he

xvater. is" on the insicle. <c.>, s.ugrg.'esting' that ti'ic. inoto.r cel.Is take, in

necessary xvater chiefiy throu.o.'h the outer surf.ace,. '.t'he circunistrance

niay 1)e effected by tNvo conclitions; et) that the. inoto.r colls ar.e in the.

outer epiderinis, ancl pc/rht)ps also in the niictclle ]ayer, but not in thc,.

inner e.pic]erniis; and b) tl?at the xxrails of the oute-r epiclerniis niay be

very permeable to water, just as to acetone, .klcohol, neutral red and

osmic a, cid.
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    XXt'hen t.he imier surface is in contact xvith a stig'ar solution (I",

the inovenaeRt proceeds niore slo, xvly t'haii xvhen both surfaces air(i
totichecl by xxratcr (tx.}, Btit as the cliffiere,nce is i,rery .small, it is deducecl

that tlie wctter xvhiÅëh is ii{ii<i)c}ss.ary 'foi# the iitu-roNx'ing' m<)vcts.ment is

hardly supplied throtig'h the iitner sarface oii tlLe ,let•i.f. .t-Xnd as th()

na,rrowing movement i.s not retaircle,d even it' th,(i p(itiole is lifted ttbove

the stirface. of tli{e. xvat{/)r, the xxratey mtist b{i supplied chiefly
throng)"h the outer surface o. f t'he lobes.
                                 '                           '
               iii. A.n,alntt'y with /)ros('ra• t(')ntaeles

    l-rooKit.R ('i7) has clenionst.ratocl that the inflexion ot' f)rnsc7'a

tentac]es `"is proclucecl by ttn ac,ce.lerati.on of the rate of. g/rroxvth o. n the.

conv(ix s.ide ancl the ]nedian s.edtion." CI'l'iis xvorl< is n]entionecl }/)y
(}uT'rl;.NBERc} ('2s) to collfirlllt his viexv of th(-) slll.ltt]illg' 11}(}challislll.

T')ut as the bending nio}renitent of 1)rost'r(? tentac]es is to be i'e..(..rarclecl

as corresponcling,' to the natnroxvin..(.r niovenient ot' -,IZ,rlrpr,an.(la and

/)ibnaf('a leave,s froi'iri the s.loxv rate of thc-/ n)oven:te.nt;, t'S<'}oi<Ei<'s ol)serva.--

tio. ns corroborate the xvrite/?s inte.rpretation of t-he narroxvingr inechanisin.

    Irl: a .o..'iroup ofl JZ)i'ose7'a• t.e- ntacles is. iinniersed i}i a cliluted peptone.

s.olution contEtiiting' si.i(;rose cYssol.v<'.id in it so ag. to inake a o.gF inol.

solti,tioiit, Etncl ano. tihe,r g.roi.ip into the sain(:L. pel.)toiLe soltitiio.n contaitrtinf,..,r

no sugar, the forine.r t.entacles do not react at all xvhile the latte.ir l/)end

perfe.ctly. Siick a fact is tnalo,.o-ou$ to the case of the narroxvinEr mov{i-

inent of .ffl.l2?Iro7fa,n(?ra• anci l)ibnac(r.

            '
             iv. I'lastic axtension of out{Lr c(Nll xvalls

    I')y ininierslon of, the leai] in a conc.ent]rated sti.,o,.'ar s(:)lution, its

na}nrcxiLTiii.{g' niove.iiieiit ntay bL't svistainecl, }:.)i.it tli('t stiei.ge xvl}ich tl e le•af

slio, xyecl ae the iRstant ot' iniinersion cannot be reversecl n]arl<edly by

such cleprivation of tturgor, for the oxtteir xvalls are extenclecl plastical3}r,

jtist slniilar to the case of the. sl}tttting.l' niovenient. 1[nfle.c.ted /)rosera•

tentacles al.so, do not unbencl in stigar solution, a-d tl/,ou..o'h 1 "!ooi<i?.}<

attriba.ites this irrc•}iLrers,,il/)ility to /,..rr(r,tvth, it niiEi.>r ],c,} mor{],/ propczt.r to i-ef{ir

iai to pl'ctstic ext(-}nsion of' the celi xv'ctlls, ji.ist as ii} tlic case. of tihe shut-

ting an(l nai'roxxTing' inox'eiii,ent of .•lltl.ro7,(xi!(la- and /)lo7!.a,(vx, leaves.

        xr. ]'),,IcchEi.i'iism of tlte (w(irsion o'f tih(i fre(/i-siclc lol)(i

    .iXin'}ost all .klltlro7,(ui(la• leaves lif ve the.ir f,ree-side lcbe c.veirze•d

"rhen they narrow. "NVhy cloes not the. br{stle-sicle lo. Ii)e evei't ? X]Lrhe,n

shut leaves are 1)ressed chiefly iipon tine bristle-sicle lobe xvith a pincette,
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t-h<,) conversely narro"r•ed sta.c.re is not. seldona re.ach(icl, t:he bristlc-sicle,

lobe being' eveyte,cl. Il-l.e.nce a graclua] piro{rress ot' the movc)nient, ics

in the i)oi:iial ca.se, seenis to be rat}]er iniportant to ca,use tlie ex'ersion

e.xclusively in the free.-side 1()be.

    The force of the inotile zonei causing it to bend its.elt" can be
clissolved into ti.xro con}ponents, one nial<itig the. Iobe nitrg'in pres. s,

/t't..o'ainst th,e opposite lobe, ancl th.e other draxvinf.v tl?e lobe niairgin

nearer to the niidrib. I.`l'ence, -, s the free-side lobo 1}as a tenclency to
be,ncl niore inairkedly than the other lobe. (p. i64), it niay strive to folcl

itself nGarer to the midrib than the opposite one, botli of them at the
sallle tillle pusllill.o.' cl,o.',fillst eacll othor'. Bu.t 1,s the 111clr.o."ills of tllor11

th"s pressing clo not slip, the frree-side lobe bF-.ncls xvhen the b. encling

foi'ce is .o're,atly incireased, leaving' the niar.o'inal part attached to the

coi`responclin.o" part of the opposite lobe--it is everted at the niar..crin.

iN.fter it is once evertecl, the eversion is easily spread to"rards the iniddle

of tke lobe, as the. moti]e zone continues to bend on.
    Besides the aboire nientioned diflFerentiation in tlie }.)end{n.g foyce

of the t"ro lobes., the physical character ot' tl'}e. one-laye.red reg.'ion in

thein niay also diffler inherently, fo.ir yotin,g 1.eaves g. roxvi!].o." froni tl}e.

bud .?t one tiine takc ,a shape corresponclin/.p.' to the narroxve.cl stasre,

bo•foye they attain the open sta..(,re for the first tiinc,.. tN-..ncl xxrhc}H

x.{{dldro7,a.ntl(z le.ives are inMner$ecl in stronsr plasinolytic or fixin..o'

agents, the Å}'ree-sicle ]ol)e often evc'/rt$ of itsc.lf.

    The clistance betxvoei] the ni.otile zone> ,and the niicl.rib is a littlc.x

lartsrer .in the free-side lobe than in th.e. 1)ristle-side lobc,.L II.ltha,t inay

aiso help to proc{uce evc.rsion ot' tl}e fre- (/)-psicle lobe instead of tliat of

the other.

    Iln the nai-roxveicl stag/'re of, e/ /J)ibn.a•(,/a, leaf, both the. Iobes recurve

at the inarg}'ins. IBut cases in x/Thich the lobc,).s tha.t correspond to the
fi:ee-sicle Iobes ot' Al(lrownf,'ntla, leaves') rec"rve niore niarl<eclly than

the other lobes, 2ure. niet niot'e freqtiently tinan the r(.xNTersecl cases, oir

cases in xvhich pairecl lobes recurve to the sanie extent. Illhis inay
l)e clue to the strongg'er tendency of the foriner lobes t(.) bend theni--

selves, analo.crousl}r Nvith the ()ase ot' klZ•tlro7,antra. XNil]en lobes of a

Z)ibna•ea• leaf ,are s.ever.ed scparate.l.y, the {ob". in q"estio. n bends niore

stronf.rly than tine. otlker lobe. '

         '
           t'. Narroxving' ]Nlechanisni of /)ibna•('o(- l.ecaves

    'I"he narroxving naove-incnt of the /lldro7taii(la ]eaf is diie to an

   i) 'J"he lol)es ",hi'ch nre ()n the left hand "rhen leaves are vie"'ed froin their ftpices.
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incr{,ase in tur.,o,.'or ol: the outer epiclenni.s and the nticldle layer, the

formet" be.ing' supposecl to worl< f,ar moro actively than thets latter.

But in the /)ibnaf?x leat', the loxver epiderniis sc}enis not to play .in

important part, but rather tb hinde.r the narroxyin.o' ; for the loweir e. picler-

niis ka. s. a negrative ten$ioR ag'ainst the uncle,rlr ing p2tre• nch>rnaa cells

<cf. p. i7g). I'IIc'tnc.e, Ei.n increasci of ttir.{.ror in the sxi,relling tissuo. niay

}[}e the cai/ise o.f tl)e n[a.i.-roxvin.o' nfiove.nikent. I't is not decid{i{1, hoiLv-L

e.ve.r, xvhether the turg'or is increased niore in the loxver portion otS
tlie tissue analogou$ly to the. ()ute.r epiderinis of !ll(l•i'o7ta.nt!a, leaf, or

xvhether the turg'or is raisecl xvithout such clifferentiation. 'But th<L

'fornier case see.ins to be the inore l')robable, as only tlie loxver pEu'-
enchyina xvoi-ks as a sxvcllinsr tissue iR tl]e niiclrib (cf. I). igg).

    If Et ck'op of peptonc. solutioti is spreacl over the inne.r surfc'tce

ot' a leaf xvl}ich has been s(ivered froni tl]o. plant at the petiol<./., the
petiole bein.{.): dipped in xvater, the lobos are recurved along the ]nargins,

btit the eveirsion hardly proceeds any further, or. if at. all, inconiparably
inore slo"rly tlian ii} thQ norinal case. ' It' a leaf is cut off froni th{i

po,tiole at the j"nction, stitnulated in the. sanie xvay, and laid in a nioist

cell, it na'rroxvs. in a similair xvay, thougli rather more slightly. 'I"hus.

tke xvate.r nacessa, ry for the narroNvinsr niovenicnt seen]s to r)o, suppliecl

'fi"oni tlic root s.yste,ni, peirlLaps. helpocl by the root pre.ssui'e. 'l/')i.it xvh{/}n

se.veyecl leaf--bl,ftdcs arc} soakecl xvith xvcatei', t]'ie. nio]LionientJ proceeds

more quickly than in normal ones.

                  D. Curvature of the Midrib

               a. A.,{iclrib of tl}e Altl'rova•ndtt Leaf

    lllt has b('.,.ein often noticeci that the n3iclrib of the f'll(!•roz!(uz.tl(x letrf

cuxxre.s i.ipxvarcls ino're ,ancl i"iiQre pronouncedly as tliLe respons{ve. irt'tove-

ment proceeds (cf. Il;iE.r. 6). If both ot' the lobes i,re cut ofll froin

the inidrib xvhen tlie leaf is in the shut or in the narroxved sta.o'e, the

n')iclrib re.tains rou.c,,,,'rhly tliLe. sanic curvt}ture as it has shoxvn beforc tlLe

lobes are se.vered. Froin this, it n]ay be jud.o'ecl that the naidrib has
been ctirxrecl passive.ly, and is re•tainiiig tlte ,cr.iven cvivvatzire plastically.

If the ctirvat"re of th,{.} niidri}) in tl}e narroxvecl stag'e of a le.aÅí Nve,rc

due. to an active niechanisni of the. niiclrib itself, the n]idrib xxroulcl

cturve inore xxrhen cut off froni tho shut leaf, t'or the trcftuniatic stiniulus

til}us griven Nvould brin.(r its ce.lls into tlie. narroxving phase.

    'X•Vhen an isolatecl niidril./ is ininiorsecl in a sHgar so]ution, the

ctirvature beconies n]uch niore pronounced than it xvould be in the.
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nEi.riroxxrecl le.a'f. 'I'-I.encc: the. n'}ilcl curvatttre of .a turg'icl n:iiclrll[) nrtti.st bc

due to the turgor fovce of the parenchymato"s c(ills lying under tho
concluctingr bundle., ancl it may also be jud/gecl that thci. e'ell xvalls. o. t' the

tmcl('tr el)ider'niis are inore extensil')1{') t]hcan tl/ie condtictiiris.}' })i/nitcllci.

     iX. iniliclrib i/inctirves ],vl/ieiit it is i'eturn(icl t'ron'i a sti.,(.}',"ty soluti,on iiito

l)tir{i xvater, ancl passiug throug'h th<L original ciirvature it becomes at

Ias.t roug'!'ily straig-ht, as if it lay in an ol)en I(iaf. ()n be,hig touch(]c{

xvith a I),incette. such an iso,lated n]idrib bends ancl unbends xvithin
cei'tain liniits, as if it xvoro a" piece of leacl xxrire. Il.'1.}ese. obs().rv.ation$

d<-nionstrato that', thou.o'h tlie niidrib has a xve.al< tencle.ncy to

strai.g-lntcn itself, it can not persist in t}}at tende.ncy, and
yi{'}.]ds plasticall -xr to external fo/rces. ( f coui'se, the midrib is

cluite unable to proniote th(i responsiv(i. nioxrenient })y active bacl<xv•ard
curvin,,(.).- (cf. p. 2oo).

     1'loNv the midrlb is (.hi.irve{/l i.ip"rarcls i,vhc.ii. a lecfLf shuts and

nari/o"rs can be. understoocl casily froni the niorpho]ogical 'Åíe' ature,s. i'Xs

tlie inotile zone fo.rnis, an arc, it is fartkest froin the inid/'il/ Ett the

n)icldle (cf'. CI'ext-fi.o.'. ig. a'id Fig'. 2, IPI. ix). Fle.nce, at t]']e /niclclle part

     ' . ofaleaf, a irathe'r xvide poi'tion of the
                                  iobes on bot]} siclcs of the miclrib is
                                  left flat even Nvhen tho le.icf is nari'oxved,

                                  as. seen in I/"ig'. ii B, xvhil,e near both

                                  encls, t].i,e lobes. ave bent as in I;i.g/'. i9•

                                  On the other ]}ancl, the enclosure-
                                  boiinclairy hardl]yr c]{anges i.ts slLal.](rr.

                                  xvitli pro.o.,Tess of the rc)sponsix'e niove.-

    .jL"i.E,. I(). ."X cl-oss-sectju]] of ;}

  nart'o"rc•d leaf neav its basal ancl

               M

x
ix

                     >L

        ENI
                  sk 71

-x -'"' MTF -.- x
                     f

  IFig.. 2o. iX leaf in the open (un-
brolceii lines) .ancl tlicL narrowed (bvol<-

en lines> stage, projected on a vertical
plane ]yin/.".y between the enclosure-
bounclary <]i:) and the mar/gin <IXr).
1]]1ieirtllexion of the midrib (iTNBIRL> in
t'.he narro"'ecl stag.e iti" shc)"rn,

Jnent, .'-ts it can be see.n projocted upon
a pai"allel platiie (Flg-. 2o). II'l](,tyefore

'xxrheiii the leE t' narroxvs, the clistiance be-

txve<'En the. iiiotile zone ,ttncl the. enclos-

i.ire-botuitclary is relatix;el]yr inc]'e short--

(ine.cl at tlie. niicldle. than toNvards both

encls of it. Tl.uis. the. midri}') is curved

vipxvards b'i tlii(>, niEi.nne.r slrL(r)xxrn i.x,il]h a

brol<en line jn Fi.o'. 2o.

     IB. esides the curvatin-e of' the. niotil.e

zone, the {rlistrili)utioirt o'f the benclin..o.'

capacity iirL tl/ia,t zoiiLe. iriital<es thc-i. niidrib

niore curvecl; the zone bends inost



     Studies on the Le.of MIovement of Aldrovanda vesicitlsa L. igg

sharply at the niiddle part a,ncl inuch less toxvards both extreniities.
The shut s.ta.qe cliffers from the., narroxved stage. oiily in cle.grec/, (slio.'ht

in all respects). '
                 b. 1'Iiclrib of the .Z>ibna('a• ].eaf

    'l"he niid•ri]') of the .1)i'o7taea ]eaf is cli'flferent froni that of .'iZdro-

?,a•n.d(r• chieflsr in tNvo points: (i)'it is {nore niassive, and (2) tl)e

transition froni it to the lobes is' l,{iss dist{nct. It is large enouf,rh to

be.. ctit lontt'ittTclinally, and the Åëut pioces can recain their oxvn ctirvature

harclly influenc.ed 1)y externai' forces. II'!e,nce in orcler to iiivestiga• te

the iniclrib, it is niore convenient to use /)ibnaca. than /lltl7'oz,a7!nra.
    )'tl.uiNi< ('7(:,) is jnclinecl to bolievo that tihe curx'atvre of tJhe ]njdrib

diniinishes xvlLen- tl}e letrLai closes ; xvhile B,i.'r.xLiix' ('77•) states •tli{at th(i

curi,'at]tn'e l:.)econies n'iore pronotu:tce{1 iti that c(ase, as.sei-tktf.?', at tli(}

sani,e tinie, tliat its upxvarcl ci.irvii]tt' has E}. prc inoting,.' (i.,flEle.ct upon the

]eaf cl•os{ire. '1"he xvriter's. oxvn observation accords xvith the. t'or]ner

autho. ifs : if the c.tnrvature of the tin{ilerside of a ntidrib is s.ke.tchecl xvith

-c cainera lucicl-,, xvit'h res, pect to the successive sta..cr. es of" the re.spcnsive

inoiieiiient, t]ne curv,ature. shoxvs hardly any chang"es, except in tlie•

nairroxved stage, in xvhicln the curvature is, if any thin,,i', ratlier, cliniinishecl.

    ",Tlien both the lo15e.s a'r<.). cut off from the miclrib, thi.g tal<(.}s on

a c'u{rvcatuJrc the sanie E}s, or. a little ]e.ss curv•ecl than, that •jn tlne nar-

rowecl stag'e, i.mcti,rN'itigr a, lit-tle more when left in wti.tc}r. "StiX•rhen

isola, tecl inidribs, are inNnc.trso(l in a su..o'ar solittion, the.ir curvatur()• is

incrcaseci stiril<{ng.)'ly, as in tl}e cas(i. of Al2?(.ro7,a.nd(r• ; ancl xvhen tlic}y are

put 2nto xvater af.ra, in, they tu}b(i.ncl, thous.,']i not so niuch a$ to becoiii(}

straight. ILIrence. it c,an be concluclccl tlnat the niidirib is strc.tchcd by

the turg,'or of the pairenchyina xvl]ich lies o. n the "ndersicle of the con-

ductln.o.' bundle, ' just like tlnat of'. an xll(lro7,,a,n.ar(r• leaf.

    Jg--,ven i'f the upper e,pid(srniis is pare,d otif, or a portion or tl}e, eiitiir<i

(lepth of the parenchyn]i, overlyinEr the conducting bundlo is cut oflF.

xxrith it, the curvature cliangcs little.. 'rhis also confirins. tl}e. viexxr that

the ciirv,atuire of an is/ olatecl in{clrib is. niaintaincd. by 'the turgidit.y o'f

the payenchynia uiuX•t.'r(/itt•;z.gr the. conclucting' bunclle, g'iving" ter}sion to t.he,

})undle. ancl the loxxre.r epiclemnis, ancl tkat the conducting bundlc- niust

1/ c. Iess extens.iblc. th,ai) tlte. Io"rer epidermis. In spite ot' CJ'u'r'ri?.NBF.i<c}'s

notion thEt tlite. pare-.iicltynta of the iniclril) oxrei:lyiiiig tlie conclttctin.o.'

btmcllo. is a contiinuat]ion oii thc) sxvellin.g.' tissue of tliLe lobes, lt lias l)ecome.

Eu)pai'ei)t tlicit it is the Ioxvo.r l)at'eiic-hyiiici t}iat fori'}]s tlie contii}ucitioii.

.Ant:l that Åíact is favourable also to tl}e asf tunption that the pairen-
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chyniia in tl)Lch lo][)e i.s cli'flfe.reiittia.tecl in sacl'k a "ray t}'iat the. c,eli$ tinder--

lyitig the concluctkig' bunclle swell more actix'ely thau those overlying'

it, iList cts in the, cas,e ()f Aldro7,antla, in whic.h tl].e. out(ir epi(lermis

swc`.IIg, niorc than tl]e midclle ]fLyer. .X simi]ar f(xature, tliat paringr off

of th(} tippc.Nr e.pidermis hardly affects th(x curvatui'(,, was al$o 'gound

iti th{L niotile zonos of lobes (cfl p. i7g). It niay ?)e ciuly supposed,

thereforo, tha't tl}e motoir mechai]ism i.g extendeCl iT}to tl}e midrib,

t'hotig).'h mucrli xvc}al<ened, and. the midrib has a tenclency t.o uncurve•
itself in the. narroxvinf,.r pha, se.. 2ALccorclinf,),ly l.'},vv,v.iN's iclea of tl'te

iTific-xion of tlieinidri]) promot'ing' tho leaf clo$ure should
no"' l/ e al/) ,andoned.

     XX'hen .I)i'oiurra• leaves $hut ancl n,"urrexv, their niiclribs (lo not curvc'

up"'arcls as iii tl}ci ca,se of /Ild7'oraiz(la, f()r (i) the. niotile zones ar()

1)road ancl do not bencl s.o sharply as tl.ie latter'$, (2) the lobes ancl

the inidribs are. niassivo ancl are not .so sharply cleliinited froin eacli

ot'her, ,ftnd (3)) thcx inidyi})s th()niseliLJes liii.xte E stronsr tendei:icy to uii-

curv(i, not boing` s. o. yielding as. t'hos.e of ..Iltlrp7ta•iitl(r. Icax'es.

              E• tMechanism of the Recovery Movements

                              a. II<e.openin//.r '

     ]c)acli attthor's interpretatioR of tl}e inechanism of th(i recovery
ni()v(in"i{xnt ii't /;)tbiit'i.ct'r nattirEi.lly dep(rt.itds oit his id(i)a ot' the. n:iecliatiism

of the closing' inovenictnt. ()n the as'suinptioii that {" the several layers

of b.{.slls i'oynaii]g tl]e loxvc)r surfacei ot' tihe lc-ttf are ahvay,s b't a state.

of ti)•iision," '[).xi<xviN }i)elieves that `' the lob(is }:}().,(.rin to separat{,i or ex•-

pand as soon as the contraction of tl]e uppc)r ,surface cliininish(xs;"
l•X,iuNi`[ took tl}e re(}p(:)niRgr mechanisnrt to })(/., t'ha reverse, of the shiit-

tillg' lllt(ic]lanis'nJt, al:ld h(/tnce dl.le to all C]101]S.)'tttiOll of tlle 1.IPPer Surface

aiicl a contraction of t'he. Ioxver surface.

     1'ioxi,rever, since B,N.'yAi.iiN prov<tcl thitt thc loxN'(ir si.{r.face elon.g'ati(is

Nvl]en tl}e' leaf shuts btit ha,rdly contracts xvhei} it opens. , eve.ry author has

attt`ibute.cl the. reol[)(ininf,),' niovem<},nt to "epina,stiy;" IBtyr.xi.iiN', lll;RowN

ancl ('lu'r'ri-iliN'};i-:i<G ,a]l do so. .l'{;i<oxvix"s ineasi/ireinent, deiiionstreLting that

tilie transverse (siilarg.re.in(.iiiLt otll the under sxurfrace of. the 1()be i,s, inucl')

.(,.) ,' t'{}at(xr clturin,o,.' the l,)e]rioci ot' s.1ituttin,,L.,r and rc'/topeiiiins, thic i:t in nornial

t....}:iro"rth, is the i:tiost c.og(/)iirtt evid<i)nce in stq>port of tl'ie the.ory. '

     Cl"he present xvrit<ir, too, (iiidorses this viexv, xvith yespe,ct to both

1)ibna•ra• and ..-dl(l•rof,aiid(r, : t'}'ie upper epidonnis, xvhicli Iost its seini--

pernieabilit).r and. turgor on e/xcitation, rec,ove.rs it's nornrial pernieal.)ility
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and according'ly the ttirgor. 'l]`he xvall undergoinf.r approprittte alteration
(iiitcrcias{) og plasticit}r, afte.r I'IEyLx'), tliis epiderniis. gro"rs en'ii6'fi-y trans-

versel>,'--nan)ely longitiiclinally ivith respect to eacliL ce]1. Il.',he' reopeningr

nioveineint is very sloxv becaus.e it is. causecl by real f.rro";'x".h.

    Crhe loxvev surface on the, niotiie• zone of the /lltlro7'(v7ida• leaf has

a siniple curvature xvhen the 1(taf is shut, but it becoines xxravy (as
in i[;ig,". ir)) xvl'}on the ieaf has reopene.cl wider than a certain degreo.

Such aR undtilation of tl}e loxver epiderniis'is due to the unbending ot'
the lobe, for by tliis, tlie noncontrc'tctlle lo"'er ce,11 xvalls are niacle tL

little too lon.(.r for the, attained curvcatur(i.

    Tl}e leaf does not open very wklely, but stays .in a hatlf opened
stag-e, if it is olcler than No. (Ni or so, or if the. teinperature, is loxver

than &bout 2s". A. youn.(.r 1(]af at a v(iry hig'h tc}iitiperatur(i opens fiillrsr.

It'.hese 'Åíacts inake one. conje' cturc that a strong' force. is .ne.edecl to

unbend tl}e lobe over a certain lknit', agains.t the. bendingr iiion'ie•nt of

the oiitctr txvo laye.rs, IIrhe reope.ning" velocity is also, diflierentiate,d kit<)

tNvo speecls, f,'tst froin the .shut stag'e to the haif opene,d and ver)r
sloxv froiii'i tlii$ phase to th{.i, iLxri{ilely topenecl, as xvill be sho"rn later.

                            b. .R.ebulg.ring'

     iX.s tlie. wall$ of tlLe low{/rr c}IJiclctrntis are irrctiLrc)rsjbly stretchcd a]s(.}

iR tlio narroxvecl stagc, the yebulgintg niove,inent niay be clue to
a groNs,rtli o'f tlie tipper (/)lr.>i(leiri)iis, itit the san:i(,). xvE}.y as tli(.} r(.i-

{)pening'. It' tl}e distance betwe(sn tlie enclostire-pbounclaries of th(} t"to

lobc-.is of ,a leat' is ineasurecl xvhe,n the le.af is just shut, and then Nx'hen

it has. r{.tbtil.{)'ecl .aft'er narroNviRg', t-he leaf prov'(is, to 1iaxre• tgroxxrn a

larger amount in "ridtli than xvotild be expeetcxl froin the normal rat{i
of groxvth h} tlie width (cf. Fig'. 3s). Il"hi$ fact confirms the abox'e

idea. In the rebulgins,' pha$e. the. turgor of tlie loxve,repidermal ce]ls

xvhicl) is rai.s{.Nd at tlie na'rroxvintg, nitty havc returnecl to the vaiue

xvhich i$ charact]eristic in tlie ol)en airtcl the shut stages.

     'lrli<.> case. of l.)i.'o7ia('(v inay probably bc analog'ou$. 'i'looKit-J< has

prove.d that tliLe unbenclins.r of L)i'oscra• texntacl(/is is also " c.fi.usecl by an

ii}crease in the rate of .()'roxvth on the, concave side and in the naeclian

sectLion, acconil]airLicicl l//>y coirtitpression of thc) coi'ive.x s{cZe."
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                 Process of the Leaf Movement
                     '                      A. General Method '

            i. ]-Ioxv to II<egister the ].eaf }vloveinents

    tXs the r(,iaction ot' x'1'l•?l7'oz,a•7ia.<a leaves conipris'es both very qtiick

ancl sloxv inovenients, the inc?thod of recorclintg theni niust be properly

selecteid for each of the•in, or even for a portion of one. I"doxvever,
any phic se in the whole leaf'  movement can be registere.cl by the change
in the distance betxveen sonie two points, one on e•ach of the pair' of

lo})es.

    'III"he opening of a leaf is represented in t]ie most ma.,(.)'nified form

by tl'Le distance between the mars.lns oÅí its lobes at the inicldle, and
this ineasureinent xvill be "$ed v•ery ofteii, being denoted tke jina•rsri.;ii-

(lilsVa.nc(J. Ilrkis distance is fgrreatest xvl}en a leaf is open, anc{ converges

tc) 'niiniinLnn "The.n lt .g.1iut$. }.I ence it is best suit(i)cl t'or re.gistering')' the

shuttin..cr and the reopeiiing n?ovc'.llnent's, bLit it can never be used fer

the stucly' of the narroxving aiicl rebu]gring nioveinents. In these ca$es,

theret'ore, the distance betst"'een the enclosu,re-bounclarie$, llic bo2tnda•r;i,--

(lilgXanc(', xvill be recorcl(".cl.D 'Fo ineasure, the inarg'in- or the boundary-

distance, the apicEl xriexv ot' leave.g s.liLotilcl be .criveiik. Inl'eiitce -, cleviccL,

foz` getting desired views ot' 1ertves })y using" ball-ancl-socket jojnts (see

p. iss) niust be adopted befoie the recording is coniinencecl.

                   2. th"tl(sthocl oii' Stin:ivilation

    iXs application of seisnionic stiniidi to sensory hairs xvotild often
caase sonie shifting of th() positioii of tl]e leaf, it' is. niost convenient

t'or obs.ervations. ancl auto.(..)'raphic recorclins.s to use ele.ctrical stinau--

lation.. I'n the experiinents noxv to be descril.)e.cl, sin..{.)"le breal< shocl<s

t'roni aR lncltiction coil. of 'I)u Bois-I<Ey"•roND's type xvercts. cliieHy use,d,

thoufgh a, direct c,.le,ctric current xvas e.niployed in one, ca.se.. 'In all

tl)e cases, the ele-ctrode,s. xvere a pair ot' c'tlun]iniutn platcLs., 3Å~ ,s
cin2 , dippecl in the. inecliuin (xvater) l)a'L-allcz.1 to ec'tch other, xvith the

leaÅí to be stinitxilatecl iriiid"'ay betxveeiii theni. (;7..,•xJ,x's i:iietliod ot' stin'iti-

latiuL.r. xvith sniait-s.i.irfacecl /riie•.t[-i.1 electrodes is' Bot {/)nly inconvci.nient;

for the present purpog..e, but is. Iess. pr.ef,e,rable, as xvil.l be clis.cus$ecl

  i) "].lthe rnar.gin-clis.tance does not' necesi'.ariiy mean thedistttnce betsveen the poittts whic:h

Iie at' the very niargins of the Iobeg ancl just in t'he naid(l]e, but iuay al.so include that be-

tween apprcjpriate points se!ectr.'cl for the ptirpose fn the neighboitrhood of the dellnecl spots,

ancl shnilavly xvith the boundary-clistancc.
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     '
in l(i'.'u't ii. ]LV'hen larg"e iititc}tti.l pla'tcis arc tis(},cl as tlitci {/il(/tctrocles, a

leaf ccan be put in as uniforin an electric field as possible, though th(x

uniforinit>r of the current xvoiild necossarily b(> disturbed b}r the l(iaf
itseltL

     Of inni.unerable oirientati,ons ()f a l.eEa.f rc)latiN'e to the direction

o'f t]h(,) e.lectrie ci.irreiTit, tln'cie characte.ris,ti(:; ones are sltoxviit in ISiL/g'. x,

tlie clirection of the currei']t

floxv being` indicate.d with
arroxv.g.. 112ven if c,acl'i of

thc} thre.(.}, 1</'tave.s., fx., I3 ancl

c, is rotatecl "'ith an axi$
parallel to the. clirectioH of

                            lre,-

x
NYt<---x.r..Vf

A A v

the current Hoxv, th(.}.

Iation of the leaf to the

electric ctnrrent dcwos not
chang(i. 'Ilher(iforct, .x, is

an,d c in Fi.g,. 2i, xvl'iiÅëli

longitucliEial respectively, ttre

the. Iea'f to tho electric

shocl< is found to be, niuch
irtal position (c;), tltaia xvl/Len it

position.D l.n stziniti/ilEttin.(.?,' a

tion of the current in
all of, thci t'olloNving
Ltxcept ill o!1(l cEL.g.ci (p. 2os) '

               B• Quick Phase

     The slnitting naovement is
is retarcicd. afto,rwayds. It

(IUiCl<CiSt lllOV(i.ll]C.11t Oll `

'I )esc,i:iptioi'is, of tlne niethod

types of the niove.Rient .

                                CL.

     T]ie diag'rammatic plan
T}i(i xvlxole is s{.)t iil) iili tL

a Ioo--{/.r. l). I}l:diSxx'E}.ll ' '

side. The xv(,"1 ()'f the 1')oLx

tt..t.. .. .... ...t... . ...tt.

   i) These facts "sil1 be discussed '

                .X. B C
               Fig. 2i. 'lrhree chai'actergh'tic positions of
           tlie lea l' velative to tlie stinxilatin.cr.. electric cuvrenit,

           Iateral (.'X), dorsttl (B> and longitndinttl (C)

     nitty 1)e clesi.{}'na,ted as latoral, dor,sal iLnd

        representative of three mocl(is of orientinsr

   curreirit. Il."he t]}r(.ssl]told stiniti/iltis of a b'rc,al<

       1:ti.(.rlLer xxrluxn the leat' is in tJhe lonLgitudi-•

          is, in the latera,1 riy) or the clorsal (]3)

       le,Ei.f with ele.c,tricity, th(/':rc!fore, the, clirec-

 cotinc.x.ctioi:L xxTitlL the lea'f shotilcl be notic'ed. tn

obse,rvations, th(.i lateral position• was adopted,
        in ivhicliL the ci()rsal one, xv2}.s i/ise.d.

         of the Shutting Movement

          very quicl< iti the. earliest period, theug'li

      xvas possible to ye.cord the process of tl'iat

  rotatmg pl}oto/..rraphic fi]m, firee from artet','tcts,.

     ancl tlie results, ancl clisc"ssions on recordecl

   i'ollow.

           !X l)P[LrELt LIS

         c•'f tho apparatus is sl'iowi] in Fig. JL):L).

     dEi.irk roona. .lln a larg'e bo)gL (]s), is placed

proj(ictlon ltunp (.p) as a ]is.rht sotlrcc) ollt one

        oti the opposite, side of this has a ho].e,

        in s/rciituv detail in l'art II,
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scope ls
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beam "rhich is
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              J. AsBibA

horlzontal inicroscope (iivf) is inserted, thes objective lens

toxvards the light source.. IBetNve.e.n tl}e lanip and tl}e

placed a s,lass cttse (c) fi11ed xvith Nvater. '1"wo nietal.

 plac(,d in tkls cas(s, 7.s cins. apart fricnn each other.

                           vvtli P•F• • I

          A

T

22

M
c

K

P

        phase

Care is taken to prevent thc li.o'ht inside th(i,t box e'scape

       nllcroscope,
   projectecl

         lnlll.
         perinittecl
         the•
     tullins,-f

          lighti

          li o'

         cf
         ltS
   electrically

         very
          tube
      causecl
         exactly
         to

          leaf--bli, de

 [ll'heoretically, the

        the inductance
         llOt

                                       B

 Diagrannnatic p!an of the al).naratus fvr recordinsJ L'lae

 of the shutting ]novenieut. F..xp]anation in text

                                    out, exc.ept
      (M). 'l"he light c()niing' throug'h, this niicro--

 o.n a screen (sh), xvhic,h has a slit (s'), 6 cms. Iong'

  xvide. -tl nd a.s this sllt stands verticaliy, the lig'rht

       to conie throi/i..o"l} tlLe slit n'iarl<s ta. vertical

 dl"ulll of a l31yog"11aph (D). ..:X. pell pl'ojects fl'olll

 orl< (lr) ancl nial<es a darl< point on that bright line..

   tube (A) is fixed upon the box (B), over the-
.ht f,rom this ttibe, be.ing- locuse.cl by a lems upon
the slit. (As .is. overi,:vps i)vi in the plan, it is clraxvR

dtie poskion iii Figr. 22). "l]hc argoti tube ls con-•

 iiit par,ail('/}i Nvitl/i the electrocles in tlite casct (c).

  iponient xxrl}en the s,tknulatin.o..' circuit is closed by

   is li.ghted xvithout any loss of tinie.,t) because, its

  b}r a discliarge in the gtts, and the inon]ent (,)'f,

     inili)re,s$ed on th.e tlilin xvhicl} is xvound rouHd

record the let.Lt' nic)venae.nt.

          b. AI'ethod

       is transferre.d into the g'las,s case (c), Etnd i$

  electrical capacity of the tube and of the electrodes in the casct
       of the co'nnecting Nvire, inay delay the lightingr of the tttbe.

be considerecl for the preseng the Iag being perhaps of the ordc`r of



      Studies oit the Leaf IYIovement of Aldrovanda wesiculosa L. 2os

fi.xecl iR tlie position as seen in I/'i.{r. 2m7, i. cs. in the dorsal posltion.

rllie apical viexv of tlie Ieaf i$ pr()j'ected on tlie screen (sh) anct tlie

iinages ()f the tips of the tNvo lobes are inade to f,'til just upon the

slit ($).• Cl'hu ocular lens of tk(i niicroscope (xil) bein.c.)' shacled, a ,sheet

of photos.rapliic filin is xvoun(l roi.ind the clrtun (D). CII-1Le tiining-

fork is se,t vibrating', ,ancl the scrcon on the niicroscopc being tal<en

oflf, the niyograph is startecl revolNTing, folioNvecl by a closure of
the key (j<), a nioinent after. IBy ineans. of the iinas,e. ()i} tl]e screen,

the 1{iaf is se(,n to have shut. 1'Ic)asuren]c!nt oÅí the ' teinperatuye. of

the ",ater in the ,grlass case (c), and cievelopinent of the photographic
tilni conipletcis the procedure.

     I.:"l"dh'iki7,.i, itse(l for stiinulation.--'l'1]e battery (Ba) Nvas of Ho

volts. CI"here b(iin.o' a r(ssistance ii} series and the argon tube iti paral-

lel, tk{i pote.ntial 1)etNv<ien the electrod(is for the stknula, tion "'as g6

xrolts, ,and h(ince the po(ientiai .(.rraclieitt xvas i.r) i,rolts por cni. 'Ihl){/}

current passe.d thro"gh xvELs about 2" ni. ainpc}res at tl}e instant of
the closure ot' tlie l<ey, ai}d as tl]e area ()f each electrode xvas is sq.
cins., thci nivan current dcnsity xvas aboLit i.6 in.kX./cni2.

                                                     '

                                c.. Recorcl

     l')y tl}e inet]iod cle..scribed above, the shutting inovenieRt ot' ]ÅëtLve,s

of various ag'es ivas reco, rcl().d at xrarious te,niperatures. I;ive of tl]e

inyogrEi.n)s are s,hoi,iL'n in 'Figs,. i-,s, l,'1. Lx. '1'he recorcl .s.tart.s at tlie

left end o'f each 1)rint. Clrhe txvo blacl< lines, "'hich are apttrt froin each

other at tlxe 1()ft oncl of the print ancl c.onie in contact or beconie
neare.r to (iach oOner at th(.i. right encl, are itnpressed by tlne tips of
thci t"'o lo]i)es of a leaf/ tlie ].)ri.stle.-sicle lobo bekitg pi.it over the otliei'.

Zlrhe sine curv(,, is the trace• of. thc shacloxv of the pen point jutting'

out fr()nit th{/i ti.uiing-forl<, wlitich v•ibr.E}.tc}s so tiiii]cs a seconcl. Th<.t

pttrallel dttrl< straig.rht linc.s are improsse,d by brlstles. Ti}e argon tubo

marl<s a bri.c)-ht bancl along' the lower inargin of each oÅí the prints.

Hence the lcbft e.ncl of this band lnclicate.s the. instant at xvliich tho
stk:k`ii/ilatiirif.)' cunf(,)nt xvas startecl, ai"icl in {r/}.aclrL oii' "Ll:,tc} / tiy(/)g,-rtu"i-tes tliLis

instant is nikarl<zc'.L.d xvilLli Ei.n Ei.rroxxr. N'{!)ar the left encl of (.}ach pirint,

a white line is draxvn transvc)•rsallxr to indicate the inclination of tl']e

slit, the inclination at cach recoircling b(xing inipress(icl by over--(ix-

posure upon an end of the filni. IL'fcnce. all the. point$ lying.r on any

one line pairalle•l to that xvhite line re,present the same instant.
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                                i. Tlie latent stELgt}

     'irl](i normal pir{)cess ot' the skiitting iiiovemeilt is .sl}own in Fig.

i, l'l. Lx, xvhich Eis a myograni macle wi'th a letvf ofr whoirl .?).sl('). Ill. at

r,o". Tha r{.tsaction ot' the. })ristle-sicie lobe bc.cr.ins at a, i. (L. about o.o{y

s.econds ;,ufter the stimi.ilation, [-incl th<' opp(.')s.ite loi/)s..} start,s to nioit?

ttlm()st tLt the sei.nie k'istant. '/l;he, late.nt] l,)eriod of the. slirittit\r mov•{li-

inent is IEtr/g'e,ly conclitioneid by the tempei"atur(i, th{L intensity (,f the

s.timulus, and t]ie afre of tl'i<L l(iaf', as xvM bf•i explainecl in cletail in

Part llll,. i'X.t a low temperatLure, for exaniple, tl}e latent p(iriocl is

ntvich IJ)roloiigecl, as is scen ii'i 'Fig-. 3, Pl. :x, which i,xras l.)rin'tecl' xvith

a leaf fi'oin Nro. Xrl at io". 'But, 1ioxvever g'reatly the, latent period

itself inay be alterecl, the t"ro lobes of a leaf start to in()x'(s [tln]o.st at

the. saine tinie, not"r.ithstt,Lncling that each lob() has its. oxvn niotile zonc`.

IL'hu.s, it can be conclucle'd that the. txvo lobe. s, ot' a leaf sh<') xx' the

sanie reactlon tin:ie xvhen tlie,y rece,iiv'e c't stiir{ttili.is of tliLe, sailri{- in-

tensity, under condition$ c.ommon to both. A-..ncl tl]is may als,om<:xan
that t]ie txvo lobes of a leaf have, alxvay$ the saine ii'titability.

      1-X.n <,ilectric curire.nt stimulate,s 1)oth 1(.>bvs of a leaf at tlie .sam(,

instant. I'n order t<) stiniulc•Lte. a .siRgle ]obe only, a tactile stiTnulus

xvas tLpp]iecl to seiiisory hairs oli et lobe. ,Lvitli E.i. nTticrc)nitaiTLiptilat(:)r. I{li.iti

no react' ion lag of ' tlie unstimulated opposite ]ob(.s could be, perc.ctive.d

1)y ineye observcation. I3)xcitation niust therefore be conducte.ci froni one
]ob{'}. to th(:i. opposite one vei`y quicl<ly, as ln 'tli{.t c,ase (')f iC'..>i?vxrr•('tr•.

                                ii. Cl]he c'luic.l< pha$e

      A.'fter tl}e latcitt peyiod is over, tlte lob(',s nTtoxTc} x"er>r qtiickly, ancl

pas.$ thirougl} al)out loiur fifths. of the shutting course xvithiii about

one fifticth of a seconcl, in the case, of Fi/g.'. i. 2'n tl}]ls c,ttse, the sl}ut-

ting- iLrelocity nit{/).asureclL ti.t the mairgin oÅí' t]he, free-sicle lo})e is about

c).4 cin./sc)c. at the cluicl<est iR.stai"it of tl}e shuttinLg' inovenicsnt. Il;ut

at 6, .the inove-xnient i.s }retarcleci. [lrhe per.iocl a-b inay bf,) desi.g.natcd

l.'1"r q!t.i'cle Pfuise of the shutti,ng' inove,ine.nt ancl tl']c one Å}lolloxving it

flk' slo7fr Plias!J. .iX.fo.st oti t]'}e. ctu've.s pa$s v{/}ry smoothl)' lrom the

latent stag-(,) to the c.iuicl< phas(L, ancl froin this to the sloNv l')hascs, as

is .s(ien in 'IFig/'. 2 (.)ir r), 'Pl. x, tlie t'orme,r beinf.r print(id, firom a leaf

fr(')i"ii Nvhorl No. I.[ ,'Lt] 270. Tlit(ise {/)i.irves, hoxve.ver, will shoNigr a siiii]ilar

form ti(') tl/]at in Flg. i, if tl}e.y are co, nclensed in len/.rth. 'Irhe maxinial

vcSo('ity of the lob(i marg'in is S.r) ancl t.6 cm./s(vc. in th(i cas<is of

Fig's. 2 a,ncl 3 r(').spectively. The quic.l<est r(.}coi`cl the 'writ()rhas meas,-

ured is r6..i eni./sec.
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     'l;]]e t"ro lol.x"s {)f. a loat' sh<rixv a slig'ht dit:'fi(ti-(.iiic{) iti tl]() 1)i'os,'i'c}ss

(r,f the {Ll"icl<L phtts(/i ; n(')t enly cloes the, frc)e-sicl<i lo}xt t;.'ctvel ft long,'esr N,,ra>'

thai:i tliL{/)' (')1>positci lobe, as catiL lxi s(i(in l')y comparing}J 'l"ext-{GLg'. ,s B

xvitli .ts., bi.it also tl](i iiioi,'(Miitei)t f)'oes on i}i a cliflfcr(-i]t tii'iie relati(:)n.

In ll;ig. 2, I''l. Lx. i'or examl],le, the brist]le-$icl(i lobe is m(.}vins-r a littl<s

moiv (luickly tl'iaii th<i otl.i(/.Li` oii(i (tt oiie kistant, aiid at Eti]oth(ir ii]stai)t

this r(ilt•LtjoiTi is rchx'erse{l. 1<o"E...)'hly sp(.ial<iiig', howe,i,•'c,u', tl.}(i moveni{int

of th{, two Iob{is pi'oco(.,ds rath{ir s, ymmetricall>T.
     A.s tl)e inoNrement pas,ses .g,'raclt}a]lvv froin tlie quicl< to th{L slow

phase, k l}cc,{/}n"te.s niLere diffic)i/ilt to (/let]cn'i'tiiBe th<.} cluu'ati(r,n (.)al' tih.(.i q!.ii<).l<

plLase tlian that of the lat(/Lnt period. INL'evcrthekis,s, roi.igl} (xstiinatien

shows thttt tl'ie duration (.)t' the quick phase is short at hi,g'h tempei'tL-
tures, callcl lollL/l- tl.tJ. Io],Nr telllp(il'atl.11'<'s E•Ll)otlt I/IOO sec. {at 3.r-)O. i/loo

to I/so s{ic. at 2o-'L 1/so to I/2o s()c. [l.t I7", allcl I/so to I/,l sec. ol'

still lonsr(ir at io".

     Tl}{i shiittinf.r mox'(,ment nat.ist }/)e retard()cl by NN'atc).r, 1.)ec`ause tli('

lobu.s hax'(.} to niov{i ag'ainst the t'riction o'f it, pre,ssing out a ('()i'taii}

ti.ni(.)rii'it <)'f the i,i,'Ett(il' wllick it pr(I),s.<1:11t b</stiLi,'(ien thanii xvhilc i.'h(z leat'

is opc}n. If an electrical stimulus is applied to a sing.rle isc)lat(id l{.,af

fioEtting freely in tl]e xvater, it moves siicldenly backxva.rds, as it shuts

ancl pr(.},ssos out tl.)e xvat(}ir t(.> its froi}t.

                        iii. .Pause ih the quic)k ])hasci

      UstiaHy on{i out of tl)r(li<i niyogrrctnJis shows tl]at tihe cluiÅëk sl)i.ittinf.r

inovenient pai.is{ss t{`iii'ipoyai'l].,vr on its wa]yr. a.s is shown ki IFigs. i; and

.s, Pl. .x. 'l']i{i form(ir xvas r{Lcordoc'l xvit]i a 1(saf of ."E;o. Il at :L)7'' , and
tho ltttt(ir xvith on{i froin No. I at 270. In IFif,,r. `l. th{i movement

xvhi{)h start{id at (i paus<ss at (r ai] iiistaiit, starting' a.grain with g)-reater'

xr•elocit.y tlian eNv'<xr. In Iiif.)". ,i, the niove.in(snt stops at c ancl clofis not'.

stELI-t l,Ls,...l;ain till c'.. . .
      A• s these n).yogrrain: thoxv only tzhe niovement o'f thc niair.<.yi"s oS:

th{/t l(')bes., su{.th two-steppecl curvc's xv(.}uld be pr(.)duced if tlie pliant

one-la.yer(i(l. r(vf.)'ioiis xv(x-c to sxvinE)' onc<- Nvhile thcty are sl]uttinf.r. {,}.ven

if th(L nlov(im(iilt of tl}e 111otil{i zoil(}.s xvcil'e contintious aiid oti{x-l)}ias{td.

1•'}ut observations oij' the niovement under th(i niicrosc{')p(i prove. thttt

t'his is not tlie case; th(L on<s--layer(icl r<i.o'ions do not sxvingr, and yi(il(l

littl(i to the xvat(ir pr<issuy(i,i) ancl lienc(i the two-st(•pp<id curv(xs of

    i} 'l'lie oue-iayered re,s}ioti 1ias due riglclity owin{.I to {Ls convexiLy and t() the inÅíoldecl

rini {P. I531J
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tlK) inyosrrtLnis represent a typc, of shutting niovcnaent xvhich pa"ses
on it.s xvay. I' erhaps IIITEpt'NE]{ niay have observecl this type of shuttlng

inoveinent xvhen he stated (p. s74) that the leaf niovenient is not
continuokis, but " sich zitte,rncl uncl rucl"veis'e vollzieht."
     'I)hc pause in the s'1iutting inove.inent niay perhaps be. clue, to .soine

r(,)sistELnc(, of tl}e cell xvalls that have to be $tretchecl xvhen the lob(,),s

shut. Sc> fav as the xvr.iter's. observations. ..(,ro, this phenonienon tal<es.
plac(.) at various te.inperatures., biit not at high ()nes ; i.n lci,ax'es ot'. Nr.-u"i--

ous tLtge.s, though inost Åírequently in very young (,)r old ones; ancl
afteir L=lectrical as xvell as iiiriechanical stiniii.ili, provic{ecl tltey ar(.s ]Lrei'y

xs,ieELI<.

     if the ineclianical structuy(.} ot' the $tall< xvhich connects tlio leaf-
   'blade. to the petiole is Nveak, the' leaf-blade yields to the i`eaction of.
tl}e xvater xvhich is fo, rcecl out by the lobe..s. Ilrhe. tindulation of tlie
curves at the beginnin.c.r of the. sloxv phase as. seen in 1.;i,g,. 4., l'i'1. x,

iiiay be due to sxvayin.o.' c.aused in su(hh. a xva>T.

              C. SIow Phase of the Shutting Movement

     tX.t'tc)r the qi.i,icl< IJ)hasci ev<')ry slititting' lec'i.f Ii)asses int(.) the sloxv

phase before the inairgins. ot' its lo.bes conie in contact, the nioveinent
goitif.)' on inore s.loxvly than cts,'er. I'n e.ach of the niyograins, I?i.o'.s.

i- s, .Pl. x. only an e•arly portion of this phase is shoxvn, froni b on
to the. rig'ht and of. the print.

     .A.s, tl]e' niovenient in t}'}is phase is t()(') s.,loxv t<.} be irecordeci Nvitl}

     . a niyograph, cineinatog'raphy xvas aclopte.d,
   3 v'                           NvitlL tl.verEt.{.?,'e exl)ostlres (I)f -p2.2 a secon{/1.

.• The• margi.n-cl,istanc,e pl.ottecl with /re.spect to
r; eveir.v frEi.n'ie oi" film is. shoxi,,n f,),'rap],/iically k]

.N 2 '  .iSig. 23. Il"lie i:tiovoniLe.iiLt is rather c.]uicl< .'i.t

;l the bog41niitin.(,.,,l' of tliiis phase., 1!)iit becoinc}s
g'" vcrv sloxv afte,r about halfase,con(1.

r.Lt

l fX.s t/his sl()i,iLr niove.nieiit c(.)ntii/ii.ies furtrh{.)r
Jb-

fi

St4 i foir sonie ininutes, its velocity e.ver clecreas--
e-
                           ing,,the chaing,"e i'n the margin-distance was
       k observecl i.md(iy the iit'iicroscope, Nvitl} aii ocu-
                           lar iiLiicrome.ter. Iiis,.>'. 2.l. .N. Is. a irecorcl tl'itis

      OI2         llrime in secends obtained, xvith a leat' ot' INi'o. iLJ stimulate(1 with
 l.;icr. 2a. Cl.'he shuttin,r niove-
inenh' L rc;p' t•esented by.ti"te n)at•. EL 1)1`()t'Lk shocl<, the coil clistance. being` 8' clns.
tll' Yti,-giStiii,ii?:',t.ilili,e,fi,'il,'i`S'I'I,it'i'.`I,i,1 As the scale of tlie ordinate i:' nlagnifiecl,

"fCX

.'
Sd,Xd' Siii,fi,ii.1?"lllli,",Si.Obf,,thS6,iEil', OnlY tli(i•) loiLxfer part ot'. t]he gi-aph ls sh(/)xxTn,

each other. tbe open stage, and niost oÅí the quick p.hase
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   1;i,q. 2A. iX.. :l'he slo"' phase of
shuttin.rr. niovenient' of a leaf froin
V, stimulatecl by a weal< shocl< (8
at 2sO. [['he open slatte :mcl n)ost
the qtiick phase is omitted. Å~ :
loosely-shut stag.e

   B. 'Jrhe shnttieg. fovce exerted by
leaf fro]n the same ivhorl, in tlie
conditions as A. In thc abscissa,
distance bet"'een t'he silica rocls

the sutn of the forces exerted by
t"'o lol)es is talcen cloxvn"'arcls.

     'l'he nlevem(sllt iS I
b'tit aftei' tlitLt bfhcomc,s so

leaf is then iti t}Re

this sta..o`e, xv]iile others clo

qi.iite Ei. Iittle morc. CI"1iti.is

reach the, 1oosely-shu: sta..o,'e,

l'<ifLcll som(} illtel-111(ldiEl.t(i

diffe.rences will b{i) shoxs,rn

said to b(/} subje.ct to thci.

tho shutting' is neg'lected.

     .A. cttse of the sloxxr

whle.h xvas obtaine.cl xvitih. EL

clii,ridt]al Ei.s. i.ised fer 'Fig,.

sloNv plnase takcs fifteen
xvitllin a lllintlte o'L" so,

ph,'ls(} is llot tlnifol'lll ill itS

     'l"l•}o alT}soltite. vali.ict
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                  2S tX.-II. Jnst ana{ogoLis to ]rig'r. 24
                 B, only the age of the leaf clifllers,
                  O. Å~: the loose}y-shut stage. kJ{)-
                cuyves n)ean reepenins, <'in A> and de-
                of the force (in B).

               uick xvithin th.e. first one iniiiute,

                   liE].r{illy distiti.o.'i.iishal./}le. The

                 Sollle le.aves stop nlovill.(.)' in

               t]]e case Qf IFis.)1 2g. iX, n30Vill/..}'

               tl)e sanic/t stini"lus, soiii() leavc)s

            others the closely-.shut, xvhile others

stages the. txvo. 'I']ie c,a'uso oÅ}' suÅëh
   later. the. shutting' i'eaction may be
   all-or-notliin(r principl{i, if' the closeness of

 ]],hase n"ioi`e pr(tÅëise]>r in lFif,,',)'. 2s A,
                  leaf (NTo. ()) of the sE nie iii-

         stimulated in the same, manncr. Its
   inintites xvhile a niature leaf coinpletes it
xvhicl} thatz tlie inoiL/e-'ient in tl}e sloxv

  of inaro'i"-distELnee inList vary xvith the
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s{ze {}Åí the 1{taf ancl tlu} points Nvitl] iLvhi('h t'h(i• niL(xttsur{'ni{'iit, i.s n:iade.

Bi.it I/t"igs. 2-I A ttncl 2,iA n"ia,.v 1.'xi <]eirtiparecl wit'h eacl'} otl)er, t]l}otig'h

xvithoi.it leg'itiii"iatJ<i a,cci.irtL("y, il' tl}{i iv'ali."'s of th(/} naarf.rin-distan(r{ss in

the loos(".v--shut stttg(i ar(L assznn('d to c`orr('s])ond. Ef th(x txvo f.rraphs

iLre co:nl,):-ir{id xvith ed' c]i oth(ii" in .such a Nvay, th{i fcllk'>xving- is tindfxr-

seoo(l : 'I'he qui{Nl< phase. of t])e formei' ('teas(is lonfr ].')e4t]ore th(x lol){t

niargins touch each other. (No'L'(N the position ot- tlie niarl<x.) lt

takes onl.v 22 minutes t'or th" fornier tn r{iop(in, bik iniicli long(ir t'or

th(i latt{rvi'.

     'I'houf/'h niEtny younp.' leaves bc,have soniexvhat alil<<}, such slc)xv--

Ress {')i' tili{it iii"•venic'nti as in ];i.{.,'. 2,s ix, is ti. rare casci. In geneiii.1,

the 3ea,ves nf No. II an(1 sonie of .'.X•;'o. IJI shut {'-]os{xr in t])e flir.sti

mon'tent, ilinish the rather c!i.iick mox'emeiit iLvithin .l niintitJ,es, ti.iii(l then

t,he inclistin.(,,/,rk'tis,ha})ly sl{")xiL' ny'}x'einent. c.{')ntiiiues i:or s.exr(.iral niini.it(is.

"l]hcy b{]tgrin t'o i'eopeii 2s to r)o mii")i.it(>s aft(ir t'h<'L stimtilatioi'i it' the

c.cil clistance tror tJh{'i stiiJiii.ilatin/g' shoc`l< is 8. ciiiis.

                D. Progress of the Working Mechanism

     Jn th(} above, the whole l)roc{.iss uf' tl'i(L sh'titt'inf.r iiiove]ne.nt is.

elR.icidated. Ilioxvever, th(i 't'or(Ne` that is actinf...,x cttt'inot be Ei.nalytsecl fro}n•

thti.t aloi:ie, for xr.ti.rioi.is forms {/)il' inechEi.nical resisttuiic(), iiliist coiii{/} ii:ito

play in tlie n]oxrenicmt. Il'n (')i'ctc)r to find out aboxit. tlie ori/ginal fo. rce

<ixe:'ted, an.d at tl/ie sf,i.i'}ae tinie tJl}e interv'eninLg' resistancie, tlie xvi'it(si"

niieasi.ire,d tlit<:i, force exerted by t'he l(iti.{' xvh(iiit it strives to shut, the

{ithanf.)'es in tha,t forc(i xvith [ime, be.insr folloxvcd.

                        Et. Ap,p'aratus ancl 'i,l'etl}(')d

  ,     IMiic) Ei.pparatus. is e}. ,simple oj'ie, as shoitvi] in .l.;ig. 2C). Txvo fiiitc}

sill c,a rocls (s, .s), ca. o. .2 n"tirtTL. ki dian"ie.ter, are insertecl into a glass ttil){/).

((}) and fix{)cl there with sealing?' wax (hatch(s.d), parallel to ancl at a

suitabie distance t'r.o:n (iacl'} other, xheir free encls b,ein.o..' out of tlie

.(.rla/ss ti.i})(i.. .Il.nk nJiarks, are ptit ne,ti.r the til}s ofi tl/t<i. ro{/'ls, oR<//) (J>n eacli,

th('t distti.irtce be,tw(ien iLvhieli (ci) is tl}at to b(s. nwasured. 'I'1')e glass

tzibe i's fixed llpen [LR Ei.rn't of ,'i. nTiicroniatiiptilator, Ei. s.{'}t. of ]i)ti.ll--

and--socket joint$ l}olding)' the leaf to b{'} <ix.pc.rimented on bein/gr fi: ed

upc)n tlie oth,ei' arni ot' it, and tlie t"ro l,)lcc.ed tog'ethei' in xvater in a

petyi-clislL. 'I]liLe. silica rocls ancl tlte leaf aro s('tt in the positio.n sho"rn

in tke. fi/..,)'i.ire, so that the niidclle part ol eac.h n'iar.o'in xvi,ll toi/iclr{ on(Tt

of the s,ilica rods xvhen it reacts to ct stiinuliis. 'l"hus tlie lol)es "rill

push thcs silica rods nearer togethor' xvhen thev s.trive to .ghut.
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    'l'h(} distance between th<' spots marl<<xl on t'h(L siliea rocls is
measurecl bc-,for(} ancl aft('r tha 1{'af is .st'iniula.t/(id. .Xncl as t'h{L con-

n(ietion b;Atxve(xn strain ;tnd str(iss in c;ae]} ot' th(s sili('a rods is pr<ti,'i-

ousl.i}r calil)rat<sd xvith a torsion baLi.n(x;. it is possil)l{i tJ.o deduc(i 'frc)m
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                    G, Fig,. 2',". ]/lxplanutio}i in text
        l;ip.. 26, tX•. diagrani of the siiica-

     dynainonieter Nyitli a leaf in its proper

     position. ]tlxplanatlon in text

tl}e distanc(i lxitwtKin tlie rocls tilte s.tr(it]f,.).'tJh of th(i force exert]ecl b)ir

tNvo lob:ss of the le.at' at every instaiit. .Sucl} ,a set oi] sHic.a i-ocls Å}'or

iiic"astn"ins.r the force of r{'ac.tin/f}' leav(Ns will b{t call<rtd, for tiui present.

Ifit• s!Zl?.'tl• ((•J,1!(X1710fll(;!('1'.

    N•'otwithstanclin//.r that eivrery portion of tl}(i motile zon(ss is eng'ag'(id

in the benclingr ot' the lo})es, only th(.t mars.riRal points of the lol)es at

the iniddl('i are, resistecl by the siliea rocls, . I-l(ince the portio. i']s of tl](i

lob'?s 1')esi(/le the n'tklc"ci. ,'tre clyaxvn ne',trcr tt'> {tac!.'i oth{ir. "l"he 1{'}b(is

are f,.),'i'eatly dciformed ,and a cc>inplicatcc'l relation c)f st]rain and str(iss

niust exist' in them. 'But as th(i. actint..r i'orc(i (')f tho leaf is as iL xvhole

in eqt},ilil)rii.mii xvith the {ilastiÅë force of th(s silic,a rods, tlui l{iaf can }:)(i

r(,grttr(l(icl as (t rigicl bocly in this state.

    'I'l]{trefor(i, the (intir(s t'orc(L prod{ic{i(I b>' th(i lettf at ('v(try mom('iit

is.' (sxpressc}cl by the silica dynttnionieter. .I.;i.tg'. 27 repre$ents. tlie cress

section oi'. a lea't' lobe l)r<,i,ss{ng' against asilica rod. (s). 'l.et the. motlle

zoii{i oÅ}' this lebe be )iv•IN, its xvklth }){iinfg r; ancl ]et this lobe. toucl} .s.

at ,a point .,L, and t]h{i distanco .xlN[ be, /N'.. Iii t!ie ina.c.l'iitituda of tlie

i:t)rce produced })y "rN }')e.L tlw 1{iat' is pre$sinf.>- as,?,".ainst s with tL
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iiionient of force f•r. I>;o"r it' .s be r(iacting to the leai xvith a force ui;,

xxThich is perpencliculav to s itself ancl inal<es an angl(.} e "Tith tyll,

the leaf is. receiving a nionient of fo/rce /'xl•./•sin 0.

    "i"herefor(s the i'elation fr-ww.tza•IK',sinO holcls. for o}i(L lobe, and

ft-•r'=7;Y•/N'.t•sin 0', tb.r tha, opposite lobe of the leaf.

    (l:-t- 1,7) can be inea,surecl xvith thex .si]ica clynanioineter, and assuiii-

.ing' t}}at r--r', IN"=lx" ancl 0 =fi', (./+.f') can be calcul-c tecl. 'But

as. th()se three constants tu:e only rough]y ineas.urable, the re•actii).c..)"

forces of lctaves will be give.n in the form (/t"T' 7;t) in the followin..o',

and not converted into (.f-+f').
    II'hus,, l:y ol). s. ervin.o.' the. chang. es in tlne. clistaRco between the silica

rods, tl}e pyoces.s of the e. ntire. foirce. e.xerted })y the leaf
to naove the ]obes can be directly na(sasurecl, the effects ef
liinclrances., nornial or acciclental, to the l,eaf niovenient being rejecte,cl.

                          b. ]<esult

                        i. 01tl Lra7,grs

    Jli"i.q. 2-l, B represents tl)e. pi'oce.ss of t]]e i'eactinf.?' 1]orce c)f a lecaf

nieastired by the above-nientioned inethocl. CI'he leaf used b.elon..o's
t() the sanie xvl}orl of the sanie inclividual as that iised for .l.a'ig. 24 tx,

stiiitiiilated in the. sanie xvay. Iileiice tlitis tligurte ina],r serxre to give

inforniatioR about ]io. xv the for.c,e xvorl<s. xvhen the leaf is inovin.{;r in

the sloxxr phase.

    CIrhe free length o'f the silica rocls of the clsTnan3oine,teir usecl xvas

 T,s ninis. "lrlne clistance 'betNveen the niarks oll the rods xvas i.2 nini.

wlion unacted on bv exte]rnal t'orces, ancl becanie i.o nani.' xvhen <,}ach

"ras actecl on bJr a i'orC(.i, Of, 25 ]11..O-lalS.

    I;ig. 24. B shoivs tl]az the. Iec'tf exerts tL foyce. of about 46.s nignis.

.ftt tile firs.t111s,tELnt ot' t]}c. 1:eactioll. .FIS.ft(i.lr lrelllaillilag' collstEl]lt for ,'L

niinute. or txvo, the force increas.es .o.'raclually, until it cxinounts to a

li.ttle niore, th•an 4g.3 ni..o'nis. 'IAhe pirocess of the e.xertion of the fo,rce.

fo.nns a striking- contras.t "ritl'i that of the inoveine.nt, for. th,e, inove-

nient proceeclg. .conspic.uoiu ly f.'xrther in tlie. interval be:t.xveen the ioth

seconcl ancl the ist niinute (cf. Fig. 21 A); but afterxvard,s, bot]i the'N

nioveinent an(l tho. fcrc.e shoxxr a slifglit and f.rradual prog?'ress.

             2. 7'or7ns of lx'es!3fa.nce Xo tli(' 1.'loz,c7i2e•izX

     `'Xs the. inoveiiiont ('loes not proceed parallel xvitli the fo, rce causing

 it, some fitc,t<')rs, mi.ist be. impedintg it. [llli</.} various obs,tacles which
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 tl)e lobes })ave to conte.nd xvitln in their movenient xxrill be me.ntioned

here.

    (.`X) XVater.

     i) ()ne fortn ot' xvat{ir resistance is that clue to the yotatorv
niiotion ('}f each lobe--chi(ill>r th{i i"orni resistance (cf. IKAuF"fANN, p.

 2i8). Il'his coniGs into question only xvhen th(i velocity of the niove.-•

mclllt ls velry gl'eELt.

    2) Another fonn is t]iat xvhich conies into play xvhen the xvater
is pressed o"t throu.o'h the og)enin.o.' betxxreen the lobe inartt'ins--the.

irictinn,al resistan(/.e. "I.'his ..o'roxvs v(sry lar..cre "Then the. Ieaf is on t})e

point of being qLiite closed, as the t'riction n(iai' the boundary lay(}r
rapidly increases, (cf. J<AuFiTAix'N, p. 2io ff.).

    (B) I<esistance b)r parts ot' the leaf.

    3) iSlasticity o'f the inar.o'inal folcl: Crl]e t'orin c)f the inarginal

fold of an open leaf is shoxxrn in I;ig. 8 A. .It bo.co.me.s /B, c or soine

interniediate foi'in be.txveen theni, xvhen the leat' shuts.. In genci,ral,

old leaves shoxv tl}(i. Ioosaly-sliut .stas.re (I?,) and yountg on(is the closely--

shut stafve (c), "Phis is repi'eso.nted also in 'ISif),'. 24 j.x and 'l;ig. 2s ty,

fnr tlu} niovenient after tl)e loosely-shut sta.o'e (niarked Å~ ) is c.ontinued

furtlier in the latter than in th<'} former case. Such a diflfere.nce xvith

the ap.`e of the loaf is c()ndition{icl b.v the elasticity of th{). niarg'inal

folcl, foir the fc)rce ac"t'in.{.r to n)al<e the ]ea'f .sl}utJ is iLvet}ker in a youns,'

leaÅí than in an old one, tl}e, cell xvalls of young' leaves be.ing- niore

ylelding' than old ones. rFhe elasticity of thci. niarg'inal folcl varies Nvith

inclividiial plants, and perhaps t'roin le,at' to leaf in a xvhorl, the forin

of the sh{it leaf beinf.r conclitionecl g'rc}atly by that character. It can
thus ])e iincle,rstood tl'iat the niar.{rinal fold resists the nioveni.(inc after

the niargins of the ]obes are in toiich xvitln each ()tlic).r.

 ' 4) 'i'?irniRe,ss ot' the lobe: If ,a inarginal portion ot' alobe is ciit

off that leaf shuts, xvhe.i'i stiniulatecl, so fttr as to inake thc cut encl
  '
oÅí the. Iobo touch the opposite lol)r. IF!•iis .sho"rs th.at th(} shut ,stag'e

is only ti.n inhibiti()n of tJhe sini.itting' nto. veiiLient, ii:i xxrhiclL tihe 1()bes

inff,et to.o,`ethe•r. fi.)ac.h lobe niust xxrithstand the pre.ssure of the ol)posite.

Iob?, xvhich cloes not yie.ld. i-X..nci such finnn(/}ss otr the. one-layer.e-.d

r(/)...g'ion is stipplieci cl:iie•fly by its c.oitxJe.x ci.u'xr.attire, as already statecl

(p. isr)). :rliis firniness of the lobo is tl-]e last ancl an unsunnountable

ol')stacle to the sh'ulXi']i.o' inovenient. Xl Xhon, ho"reve. r, the bendin.o` force

of tl]e lobes 1)ecoines so strnngr as to overcome it, the, movement enteirs
the next stage, tlie narrowing. rl"he last mentionecl resistanc.e (3) is an
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(sxpression ot' the 1)res{snt (')n(x, bt'it as it directl]sr condit'ions th,<x ferm

t' )' I' th(L sl)ut sttt,g'e. it is put in a sel.)arat(i" (N.iLt(Ms..}-{)ry.

      I'n th(v ttpical view, th(•} rin'i ('>f an op(in lc.vaf is not straig.rl'it })ut.

sli}.'rhtly c.oni,'ex i]{'xar the nrLidril) (I;ig. ,s .x). i'l(ince al'or the marf.)'ins of

the lob(is xvholly to mfK". (Lach oth(,r, th{'iy nuist 1)ec{'}me -t:Iat. Such

a dei-{')rmtttion, as "rell as th(L upwai'cl {Niirivrin.,(.r of th<L miclril), ne(ids

litt/le (zn(irg)'y. ;tnd xvill pla}r no. eff{ictive r61(]r. in in'ipedinf.}' the mox'ement.

                :)'. Ix't'lali'oll. (unon,gx //!f' J/)f2)li7/' .•i]k'('f2tull:v•/ll,

                         llit' jl?r.g'ilvXai!t't a•i2d Xli(' .t].fofr,('n!tinX

      l'f an ope.n leaf is .stimulated, tlie tur.o.'idity of t]'ie inner epicl(irinis.

x'anis}ies suddenay, s(ittingr free tlie t'orc.e e, t' tlie other tNvo la.x.re.rs xvhich

{'rauscts tlictia to bei]cl inxi,'ards. I.,ach lol)('v, strives t(') }./)encl its(sl'f Nvlth

an aN'erag'e force of about 2r) nip.-nis. (in the Åëa,se of I-"ig. 2-l B). But

th{i. ist aiicl 2ncl t'cnns of resistance (ct'. p. 2i3) do not perinit the

shuttinf,.l." t]o lr){:, c}ccoiiipllsh,cd in ftn instai}t. Ilrhe ni('}i,J•eimii{L)i:it is rathcxr

cltiicl< at first -the. quic.1< phcas{i, bi.itJ it is mticli retar{zled xvben the,

niar.o.-ins of the. Iob(is are draxxrn near aiicl th(}'2nd forni ot' rcsistance

.grro"'s lartt'e-coin}nenceni{`nt of the slowr pinasn. 'lrhe ist forin oi]
r(nytsl.stance beconi{is nef.rli.gribly s.in[tll ivhc>.n tlie n:iover•iient is. .,(.rre'(i.tl}r

ret'ttrcl<icl. `X.nd after tho. niiarg'ins of t,lio infold(xd zones hti.x'(} touched

ctach (')ther (Å~ iti Fis.r. L)r)). the r)rd t'orm of' resista,nc{.) b{.xgrins t'o ac,t,

th(} L)Lnd f.},'roxvinf.]," grreate,r tl)an ex/'er. The m(/)veni<,nt is helcl up

t'-nporE}.rily [ nrtini.ite afL`'cLr the 1):iginninf.}' of th{i cluiÅë,l< pliase (Å~ in

l;if.r. 2-T. A), tlie force of )-o n:t/g.'nis. tLi}cl the 3rd and. .;.tl] foirms of

                                     'i'esistc-mc.(i boinf.'r equilibrat('hd. Ilrb.is is'' the. I{/)os.</t.ly-sl)ut stt.Lg'(li, tLncl the

niovenNint up to this stag.'.re. has be(in adN'anced by n{) other force than

that e.xertecl at tl)c,. first iRstant of th(-} quick phase. I'lence that phas(x,

an early part ('}t' the sloxv p}'iase, may bc e.alled 27t(' r('s!V!uxl .au!'cK'

.bhastr. Th{t oater epid(srniis (and tl)e n.)iddl<.L ]ayer) in t]i(i motile zon(i

of 'an op{-,i) 1{saf has a su{'[ioi} force .g'z, eonditioned by tl)e f(')r.mulft,

                    .S'k=.S'1-(.•I+li') (cC p• I7g)•

      'll'he py(-xssure in tlie inneir c..pidern}is, .•I, vanishe,s "rhen the l;Ltent

p(iriod is ov(ii'. .But. as it is rcLl.)laceci by the resistance of xvat(ir whicli

impedes tlie niovcment, that fac'tor i,s, not nul[lified in tm instant, bi}t

clecreas. es s.rradtially, to becoine niinknuni xvl}en the lÅë,af is loos(,i.ly-shut.

'1'hen ,S': .is infLxiniiun. and the txvo l,aye.rs of ce].ls sucl< "rater ii'}, thus

strengrtli{ininf.).' the $huttin/.../- fnrce a.o'ftin. A•ncl this srradu,al incr{iase oir

                                  '

i
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the force eff("cts tli(x sloxi,' secondar]vr shuttikis,..,r moiLrcnt'ient 'folloxvinf..r t'n{'

r('siclual. (li.ikrrk phasc,. 'I'h(i l)i.]asti may b? ca]led fl!(r slt/??tr /)lifis(' Pro/}('r.i>

     'I'l}e p, rof{rress o'f th(i. f{}rce as ineas'are.cl by a silic,'v (lynaanom{'t{xi-

mtist 1){t soniexvl'}at diflEl(`ront from thc} nornial. 'for th{.L lol)(,s cle not

1/){/.n{/1 ti{;• a novnial (i.xt{int Nvh(sn the </1i,inanitoniet{}.r is i.is<s{/1. In tl}is eats(:,

a fra('rt/.ioirt (')f .`"1 is r(tpl,"t{'{id })y the elast/ic iro;rce of tlicx sili{'a i'ods. (/h{i

                                                                        '
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2)

.g)

4)
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Res. by pressinf.T orit
Ot' WiltC)t'

R.e.s. by nuLrf.,inal
fvld

Res, by the eppob'it{)
lob{'s

'l'ttrs,esc. in the hiticrr

epid.
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c[Lse as to prevent tl.}(i.

Åëoer$e; fnr, as each
p(.)int, tl•ie l)ortioRs of

extent only a littie. Ies:s
           +.

   i) This phase is cliscrimin;ttecl
of Si, Se bei'ng. increased only
,Yi 'incveases inuch (cf. p, 'r93)
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 ,S". 1)eing liinderecl. II(')w(iver, tlie result obtainecl

     nitav not d(ixria,te so n'iu()ln fron'i the i"iornial

    presuniption that th{i ferce folloxvs. its normal

  lobe is support{id b.v a s,ilica rod at iL sing'rl(N

  tlxi lobe on both sid{is (')f that part bend to an
     tlian iii the nornia.l {'as{- iLncl tho l'orc{vs (L)c,-
                                  .-
             '

        froni the narroxvlrig pliase <see later) by the coiistrtnc>'
    by cl{sappenrant}e of .1. In the, narroxving ph:}se, lioNvever,

the xiarvoNviti.cr !nove;ne.nt, see I"igr. 32.
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                   'e.rtecl by the.s.(/i por.tions se.conclarily o"Ting to a decr.eas(i. of, f.f{ and the

sti(rtioirt of watier, are. ti.pplied 'to thc} silica rod.

     'Irhe inoxrcinHienti in tl']e sloxv pliEi.se pircper coi'itiirii.ies for sevc'ral

minutes, str.ivin/g ag)'ainst gh(} 2ncl ancl the. 3rcl t'orms. of resistan'ce, and

ends xvhe.n the secondarily incre.as'e. cl force of 4g.r) nigrnis. ()onxis into

equilihrium with tl]e r)rd and 4th forms of resistance. J)ressure hy
the opposite lobe (.•1') tal<cs the place. of .4 iii the suction 'force equa--

tion of tl-ae oRter tNxro layers, xx•rhich, there,Åíore, suck in "rater iintil t.he

{'i
quc,i.tion .S":=.S"i-(/tL'+Jt•') is fi.ilfillc",d. 'I"1i.e eqtiilibrixii"i'{ xsLrill 1/)e n'iEi.ii7k--

tained iintil t}ie. shuttin.gr fcrc.e is. reclucecl by the rcxol/ cniin.o,' ine.cl]anisni

(nainely by an increase of /'l), or incroased b>r the narroxvin..o" nie-chanisin

(naniely by an increase ot' k9?).

     Cl"houg'h the. nia.ognitucle of ih(s. forc(i and the velocity relation

of the phases vat'.v "rith the leaf, they can bn i-eprosonted by I.-igs.

2t" .N ancl 2a. B. .`Xnci the above-ineRtionecl co-nectioR between the
niot{1". inechanis' ni, the. v,'•Lrious fornis of resis'tance, and cl]e resultin.c.r

inoveinen: l)ol(ls in .o'eneiral, ,'tnd can 1]e. suniniarizecl as in 'j"able 2.

                            Ll.. J 'ouii,g' Lf'rz,7t('s

                         '
     'Fi.o.". 2s 'l>, xvas obtained xvith a leaÅí })elons.)'iBs.>' to the sanic Nvhorl

as the one, u.secl for 11?ig-. 2s :y, ancl he.nce represents tl}e 'c'o. uirse of

tho shuttins.r force in very younf.r 1(iaves. Cl'he leaf e,xerts a shuttin/..r

t'orc<i o{l abotit r),s mg.rms. at th(/) instant of the quicl< move,ment, and

al)out gi m.o'nis. at tho ma.ximum. The force is al)parently xveal<er
than in the caso of the old leaf. Xroun.o' leaves have innch nai'ro"rer
three-layerecl rogions than o.ld ones, tl'}e linnicxturity being niuch piro,-
i:to'uncecl, in t}ie niotil('t zon('•, notxvithstancling" thEi.t the (/)ne-la>rered

reg)'ion,s ltave neEi.rly the niaxirnal carea alre,acl>r. Theret'or(/i, t]he nionient

of the force exerted Hpon the marE)'ins ot' the 1(>bo.s; i. {i. upon tl}e,
sili(rtEi. dyi'!fi.moi-irie.te.r, is naturEtlly smalle.r. Tke xveEi.kness of th(r}. .shi.it-

tin//r force., hoxveve.r, inay b{/} chiefiy clH(i. to s,omo immaturit:/r of the
n'iotila mechEi.nisn'i itsel'f.

     f"Ls the. shuttins.}' force is xxr(xak(Lr, th<i youi}gr le.af (xRter,s th(i r(Lsidual

quick" phas,e. wh<in the opening' is stili wicler tl]an in th.e cas,e of. the.

olcl leaf, Ets is se(i.n in 'Fig'. 2• s i",L, ancl tliLe .g.loxv Iphase prci>per bott'ins

xvhile the, mov<im{.}nt is. still piroceeding jn tl)e i'oreg'oiRg p, .hase, as tho

suctioiii of. xxrater }.)y the, ()ut('Lr txxTo laye.rs rc)xreals its <,){Ilrect cluring tlLis

ph-c se.. Th(i i`esistti.nce by the• nitarf,?.'inal folcl is' ]Lrery sniall in the youns,,),"

leaf, for the ;ne.ml/)ranes are .still ve,ry flexi})le. }'/I(/)nce the ve.ry

closel.y s, hut stag')'e. c,'Ln be. (,tasily reacl'ie(l in young leavcs
in spite of their "real< sliutting" t"otrc.e.
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      I;ig'. 2,s is a case of an e.xtreniely younf.r leaf, as xvas noticed
before, aiicl hence most s,oung' leti.iv'es r(iact in son:te vi,7ays iiiter'ni(idiat(.)

betxveen tl]ose shoxvn in Figrs. 24 and 2s.
      "Sro.uns.r leE"'()s begin to reopen vor.v soon, ancl tlie incasureinents

$hoxv thati a d(icr(Nase {')f shi.ittinsr t'{')rce oc.ctirs parallel xvitl} tlitis (cf.

Il-"ig's. 2,i ,iL E).ncl 2,; B). :l"1Le r(.)openiRg bef,.rins sooner iiJi Fig. 2,s B

than iii 2s .N. This mas' perhaps be owing to an elastic i'orc.e ln tlie
silica rocls. helping the g'rc)Nvth of th(.i inner epiclerniis. ".X• .n analog"oi.is

exainple xvas obserN'(i(1 by 1')osE (p. s6) "rith .l.f/-inosa, the puh'inus of

xvhich recovers f'roni the. reaction xvhen helpecl by an extcrnal foj'ce.

               s. x{'t.gv pf Xlt(' iL.-c(of (uid fli(' .S7tuXXxYis,' /,??v'('c

      The shutting forc.(i varies, xvith the age of the ]eat', as may be

unclersto.ocl by coniparing' .Figs. m7i B and 2.s ls. Il'tJ)le. :) g'ives the

inean shuttlng force ot' every txv() leaves xvith ]rcspect to wh()rls o'f
on(/t and tl}e s.tunci indi)L•riclual, niteasi.ired i inint}to ,'tftc>r the stimi.ilti.ti(J}n.

]".'.ttch pair oil' leai,J{/ts shoi,vecl quite similar vali.ies. Thc, .stiin:itilus xvas

a sii:Ls.]e brec't[1< .sliocl<, the coil {ilistance, beins,' 8 cins., not; niucl} over

tl}e thresholcl intensity.

                              . Table 3

  xx'horl

li"+F' i{1

    ttt

No.

IllS)ll]S.
 .p

L

  'Vl].I.

/..

xrJI Vll v 'LV ]II l[ l o

                    36•S 5I•o 54-3 45•6 47•8 Lis.6 3c).8 3tS.7 2i.8

                                 t. ttttt tt ...
      'rhe. skuttintg' forcc' becoines st/'ons)'er a.s the leaf gro",s
olcler, thc} leaN/T{/).s ot' No. IN', "Xi 2i.iitd "XJ[ having r()ughl>r the sE}.ine

NTaliie. .l')i.it ]vre,ry {.)ld leax•'es e)gLert a xve.al<cr 'foi`cci, e. tg'. ]Nl'o. IX and

such leax'es ()'ften clo not shtit evcn if the silica dynainonieter is taken

axvay after the moasur(imei}t. Cl.'his may be clue to a decrease in the
e..xtensibility o'f the outer cell xvalls.

               6. .•}/(u'srg>i-l7!ls'l(uic(r (ui(l llic .5'/iittli'7xsr 1'}?i'('c'

      The lobcis c]aH nitove. Iittle if the clistance betxvcie.n the silic,rL rods

o'f the (.lynanion:ietcxir is, lar.o..'e., xx']iile tlic,iy shtit half-pxvay or {/)N,rci.n n:ioir(),

if that distanc'e is small. .Iln the 'former case thc clynamoin(}t(ir in-

dicat(is the shuttingr force of the leaf in a xvidely open stat(i, Nvhile
in tlrLe, 1.at]teir ca.se., it shows that in ti. hE}.lf ol}en stEi.te or s{'). I,X'l'easHr(s-

inonts macle ln such txvo cases are. g'ive.n ln '1'cLb]e 4., tl]e ft)i'ce being
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detergninecl i ininttte after stimulation.

poitits on thc- outsjcle ot' the .s.ili{/)a rods

clynti.nioin(.it</n`, an(/l i.2 iniit:t. In t]he snitall

                                       '.rablo. g

t.
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Nb.
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on by any forc(.is. Irh(iy cliniin.ish to 2.ii i}iiii. and i.o iliiii. i"<-.spect--

ive•ly Nvhen a fo. rc'e of 2,s nignis. is aPpliecl tc each ot' the rodts to

beitd lt inx]LTarcls. CII"he, rcisi/ilt NxritlJ! the latter clyi:iE}.iaionie'ter is nattirall),'

snial]er than with th{/. t'ormer, f'or th(i tui-g-or ot' t]]e, outer tivo. Iayer:s

inust ba lesse.ned xvhe.n the lobc.i is consiclerably bent as in this case.
Thoug'li the dynamonwt("r fgiv(is (/r-- .F'>, and not Cf+f'), the cljffcxrenc{i

in tli{.i results. '"'itl} the t"ro clynanioinet(,/.rs, $ho, xvs that (f-Fft) vc'tries

to a corre.spc)nding' extent, for sin (9 chang'(is only aboiit 39,6 xvl]ilei A'

l}atrdly v',}ries, iiii tJhe ecluation,

          tt
                    (f+ft)r=A'•$ine(f,"-.l '). (cf. p. 2i2)

                                                                '
      I;{//rs. 2-p ]?) .'tn(/! 2•s Is ancl Tabl<i r) xvere ol')tainecl xvith the ;snialler

d.ynai-ti(r}ntetier. iLV.l']en th,e large. o.ne. is i.isecl, the secondary jiiicrc)a.s, e.

in the, e.xertion o, il'. fo. rc.c, i$ scavce•.ly reco.c,.rnized, as tl.]e, couter txvo la)yr{,trs

        .ty B (: b s.uck in less xvater. Clrhe type
                                 r $(ien in IFig'. 28 .x is common
   oi'a iii suchaca.s(/b,. and also there
 c:•
= -- . are. sonicx siniilav to l;igr. 28B
. . or 28 c. NXThen the sniall!-)

tt. dynamona, eter is u$ecl, thc types
                                                   of 'L;ig; 28 ,}'/ or 28 c ai`e also
  go

                                                   :L'" B EMId 2s l,'), though IJh(.i s(i(s-
               Time in miiiRtes
      1;ig. 28 A, B,C: typas of the exertion OllCIEU'Y illCl'(-as(' of for<:e is
   ?,f{tÅíOi'CteA.iiil,Iil/e,' S,'l'"i,t.tlllg,.3,il(,';ESS/Bi;'(e.t?9i,:i"f`l rec.ogrnizecl in most cas.es, thLi.s

   those with the small olte, ]I & () belng/ coni- <')h,ang.ring' the type ot' I)"i,g. 2S c

                of the cases . '   nion t'o 1)oth
                                                  m that of, Fig. 2tS D.
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                                                       '                                                           '
                     7. 7'"riiny5tfra•Xttrt' a•n(l Xlif' .S7i.ulfili.o' ./•br('t'

        XXrh{.m iL leaf left at i()O for a fei,v ]ioi.irs is stimi.ilatcscl, it "'{11

 s.htit slo. wly afte.r a lonf.r ,r(.iaction tlmo, as is reÅëorded in Fig. ,tt, Pl.

 x. 'llrhe niovein('int stops wlie.n tli(' lob{i inars.rins just totwh eac.h otlier,

 alld. som{itilll<is {i},'{vil bc)folK}. tllEtt.

       Tl)e.se. -iracts aro clearly {ixpltLincsd }).xr dynaniion'!etctr ine,,asurc}in(,tnt]s. ,

 f(.)r the forc.(. {t.x(si`t(Ld i:' x'(.}ry xveak at loNv tenip(,tratures ; therc xvas (•"'(in

 a case in xvhich a 1(,i.aii ot' ".X•lo. H e.xerted ;.t fvrc{/t ()Åí onl>i i2 ms....)n)s.

 upon the s.inall dynanionieter at i()O. ,Suc.h xveakn('}ss n]ay be. due to

 kic,omple,te. change ot''pcs,rmeability and turgidity in the imiei' epi(1{srmis..

 'Irhe sl'}tittin.g.' m()x'einent is tg'reatl}r re••tarcle.d at loxv temp{)ratures., as a

 x.v•e.ak forc.e. cannot easily ('}vercoine. th,(' ist ancl 2nd forins o'f r(isist-

 ti.nÅëe, ttnd it is stoppe(1 bvlFr (iven tt slif,-),'ht a('tion (r,ti the r)r(l and a.tli

 fornlt .

                         '           8. .lfxltvilsbi7E, r.}/" /fif' .S7i>/n/l!i.s' ant! !h.(' .S'1iuXZ7>i.<r /t}?r('t.'

        iXll the o.xporim(Ants g'ive.n ttbov•e. are. on t.he r<iaction of a leaE

 r.o tt stinixd.zis Iiar</llv os,Je,r tke. tliiresl.iold xr,"Uti<.>, the cail <.listanc{t. oll- t,L
                            J
 I.)u Bois-Ris'yiioND c.oil bekif.r 8-g c•nis. Itl strong stiinuli, say coil

 cli$tttnc{}. o cm., are. applie.d, n'iatiy inor{.}• leaves reach the cl(]}sel)yr-shi.it

 stafge thati wlie.n tlie xvcak stiintili aro use.d, thotigh some• leave.s e.7hL-

 cel)tionallv stop in the lo()g.e.l)'-shut st;.tg'e, sh('}wing no diff<.tr(inc(•} from

 tl.iost., in the latte,r e.ase. t{.Suc'h a diffeireB(.'e in the. ul.tlniat{' shut staf,..l'e

 is c•tti.ised 1)y• a dif:ii.</).r()nc.e. in t]he stir(/)ng'th of the shti,ttii:is.r for</re.

       'I.e.t,v},,es (')f various ages, i"rotn 1.'o. O to N'{). Vf, xvere stimulatie.d

 xN'ith breal< shoc.ks, the, c;oil {/list]aBce 1)</}•inf,.),' (') cin. in on(.! c.ti.s,e, and tS

          ' (/rnrts. in the eth{-r, tLnd tl:{('ir shtittii}f,...r 'f()rc.<.). xs,'as n"te,astir(,cl xvith tLhe

                                                              ' lar.g'e. or the s.niall clynain(,nnet{tr. at i nainut(.} after the .stimulation.

                                      ' 'I-1.rLe. inean strength {.)f the t'oirce. xvith thr{}e indiN'icli.ialt is shoxvn in

 'Iktble s•

        'XVitliin tlie liBtit of 'l'al.)le. ,s
       --                                                            'tl)e intensity of stimtilut

used, tlie. sti'onf.rer the
stimu1ti s. the• s#i'oii E)' (i i'

was thc shuttins.}' forc.{.}

of a le.iLtL no 1iiEttt.('i'

xv•hiÅëh of the dvnamo-
lll(rtC!1'S XiL'at l.lfe{.l. 'l'1}(sre

Coil clist.

o cn].

i cn]s.

,lf"+ F' in mgrll s, .

J.:tt"ge dynan

64•7•

6i.o

'

 .I

"
'tttu'

             -
.Small dvn:un.
        '

    4(.)•o

     46.,t

inav be. IeaNJ•e's. the inarf.rinti.1 ft)]cls (,)tr xxrhic;h
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are resistant e' nough to shutting forces calleci forth by "'eal< stimuli, but

vnot to those of strong s'timuli. Such leaves naay com(i. to the loosely-

shut stage if stimulatecl xveakly, ancl reach the. close]y-shut stag"e if

stlniulated strongly. IDifference. in 'L'he sliutting forces causecl by
strong' and xve. al< stiniuli niay perliaps be due ro th{.bu. dcl.gre,e to x•vlaich

turgcr is lost in the inner epidermal cells.
    The progress of the. inoveinent and its n]echanis'ni xvitl} sgrong

sthnuli, xvill be shown iR the following section. ' '

                   E. Narrowing Movement
                  i. ./)•rocgss of llie 11fovc77wnt

    It has be-.e.R $tated above. that a leaÅí ivhicl} is excited by a- str< ng

stiinulus passe.s througli the saine course in shutting as onei xveal<ly
stiinulated, exccpt tliat it is inclinecl to s. 1iut niore clos. ely. rl"he stronger

the initial stiniulus, the. Ionger is the coinniencornent of tlne reopenin.o'

(lelayecl ; and Nvlien tliis e.xceeds a ccrt,ain intensit>r, tl]e leaf narroxvs
inste.acl of reopeiting'. Crhe stroiiEE,,},'cxr the stiirt[!tili.is, tlie ci2\rlic.tr'  tlite Ran'o"r--

                                         ill.{.1}- lllOV( 111e]lt bCi..C.l'illS.

       vi.. JSig'. 2g ty r()pt'esei)ts
                               .! t]ie c`hansre in the bound-T
                                         airy--distance of a leaf of

 . ]To. III cat 2r)O, stiniulatedtk byabreal< shocl<, coil:

s ['5 leat' , xvhich ls st iinulatecl

gtS• at a., sl}uts and finishes

                                         tlite caso (/)f xveal< stinatili.

                                         'l"he sloNv phase })rop(ii'

  o•5 e.ncls io niins. aftei' th<)
                                         stiintilEttioiit (c) aiitcl no

       o I 2 Å}'ul'tllcllr lll()V(L'Ill(int is l)elr-
             ll"ime in honr.s                                         c.eixrecl. 'Betwec')n the
    l?ig. 29 A. A representative nan"owillf.v D, roCeSS ;                                         26th ancl the 28th niin. a: the open stage, the stin)ulus being {Tiven at the
                                         (ci), liLox.vever, the nar- arrosv; b: the loosely-sliut stage; c: the closely-
 shut stage; c': beginnint.T of the narrosviiig,. nioveinent;
                                         rc iving' of the boundarv- cl: esrersion at-the inargin ol' the free-sicle lob:;
  e; the narroxved sttge distance begins, tlie loi)e
margins beitig more tig.rhtly presse,d tosrether than in the case of
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     ' c. 'Il'he.n the inoveinent is
at (l., the. free..-sicle lobe bei'ntg

 s.tat(' lil<e that in I;isr. S' 'D.

of Aldro•vanda vesiculosa L. 22t
 .

 stiopPad t(#mporcarily aiAi{/1 .g.tart]s

bellt ELIoll/..}' its l)IEII'g'ill ,111d colllitllg-

   '1'he niovcinie.nt is accelei'atc)d

o

os

111

 vt

100

tr

}j I

L---;"-laww
t

I

                 oi23                                         'IUme in hours

                ,l;i..c..n 2g IS. `N. representtttive process of the exertien of force i]}

            tl}`s nurroNving phase

 for a, tinie as $oon as the Å}'ree-sicle lo.be is bent, aRd then it goes
 `.m i;atlier i.mif{)rn'ily, thotigh, not quito ex'enly. r.ll'hci 1)endk"ig' c)t' tlte

 fr<.xi-•sicle lo])c}. is tg'radtially shift(ici towards the L'nclosiure-bc)undarvv, as

 tlie boimcletry--clistance nt).rr{')ws., tmd. t.he portioir,i wlierc} tliLc} i'cic.u/rving

has ljas.sed on is left lying closoly tipon th(ir. opposite lol/)ci. The
 inox'e.ine.nt bec{r)nries inc.onspic.i.ioi.is at (', tkotig'ln the letttl' is found' to

 be a little nioir(s narro";{id a Å}'exv hours iater. .'X.t (', the, leaf is in

 the ltarroxve•d, staf.r(} tts. s(/}.en in IFi.g,. s 1,), tlie fil'ee.-side lobe. i.)elng.-

 1)fmt as in Fig`. v, ancl the ('}nc!-IEi.ls.rere{/1 re.//rions o'f thc} tw(') lo}:)(,ts lie

 i.ipni) each otluir as in IL;ifr. 8 ],;.

       In the c(i)urs:i of th{i nayreNvins..),' inovenx,nti, che c)nclost"'(.-1)oi.u)dary

 of the 'fr{.ie-sick't lob(i is hidd(in bel}ind the one--la+i,re,recl re.cri{/.)n in the

 [i.l')ic{i.1 vi{xiLv. H.enc.e "rhile obs{.'rvin/..r an early port]ic)n (]}f tlte ntLrr{.)xving'

-m{)xr{/inxint. on{s shoi.il{/l select e,moth(Mr l)c)ii'it as thc}, niark, sti.>r a, txve--

 arnJiecl hair oi'! tlie de.ns.ely--f.)'IE}.iitcled zone oi" thti.t lol)e, ii:i ord{Nr to mal<e

 i.ite c>t' iti aft`..ir th(i (iiitcl(')sur{i-b(')zinclary is hiddei'i. The distanc)e me.as-

 uyed with the ne.wly adop,tctcl mttrk can b" (iasily transt'o,rm(id by
 calculation into tli(i bounclary--distance, if })nth ar<) meag. ured iR parall<il

 xvhile the latt(iir is still me.asurable.

       Fi,g)'. 2g A repres{.ints th(i cliange in the 1)ounclary-distanc.e, and

 hence th(.) stmi of the movement xvhich oa('h ('>f the. Io})es. displa>rs.

                                                                             '
                                              tt
                                                         '
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  lt was, hoxvevÅër, proved (by 'Fig.r. ii) tlzttt the Åíree-si(l{L lobe bend.s

  niore. tl•'ian the opposite o,ne.

        Ilt must bo noted that an apparunt patis, e. exi.s,ts 1)et"reen tlie sl}ut-•

  tin.,(.,r ancl tlte narroxx"ititg n'iov(.iniLent (I"ig. 2cL) .•N., c'-t"), thoi.ig.rh tl}e

  i'elf,i.tion of tl'}e diu'tttioiit of such a pi-i.i.ise to rke }rel<')city <')f the Rarroxving'

  ny)vemc,tit followinf..r it is not cleterminecl. ISor e;s-L'ampl.e, thci. Ieati use.d,

  in J;ig-. 3.g shoxvecl a quicko.r narroxvin.o' inov(.nnent (durt:Ltion c.a. r)o

  mins.) after a lonsrer patiso (ca. rio mins.), w.hile anotlwr leaf of th<x
  sll.111rle xvhorl s}lloxxTecl zt stM sloxver 1"I-lovellLAIelllt (<sa. Ioo 1:I"lil'ls.) t}.ft(ir

  a t>ause of the scLine orcler, t"'icler th{/i san'ie conclitions. ,Stich
  relations are coniplicatecl by inany factoy$ "rhicl). xx'ill be discussecl.

  Iater. .IR ..o'eneral, hoxvevei', th() folloxving tendcncic,s ar(s noticed : th<.i

  stronge,r the stiniulus, the slioi'ter is the pause bot'ore, 'the, nEL-ro"ring,

  and also thc grr.e.ater i,s the narrowing vc,loc.ity; amon{r the leav{.is o'f

  L)•ser•{)s.. .lll----V, the yotmger the le.af, th(;L. more, quicl<ly the movemetK

  proc.e.eds; tlici. Io"rer tlio to.niperatu,re, th<) g'reater is the cluration ot'

  ev'c}iry plias().. CII'hes.e tei'idcnLcies cannot })e shoxvn here, ntim(,n'icall-v', as

  ii'idividi.iE}.l cleviati,ons are so lars,}'e. L<iaves ,shoxv va,riecl typcss ot' the

  narrowing process if obs.(/.i"ved in variou$ conclitions,, btit the. critical

  I)has(').s ar('t all representecl in 1;ig. 2g tN•..

                             2. Il?rl(v' i>i !1>(' il"Tea/ (.'af,iht

        Tlie xJoli.unc} oii the cax;ity en(]rlosecl b.y tl}o lol)(ts. is sti:ialle.r xvl}en

  the leaf is narrowecl than xvh(xn it is shut. 'l,"hor'e.f(.)re, some ot' the

  xvater in that cavity must l)e pr6ssed out during tlxi nari'oN•vin..o' niovc}--

  iitient. In ordei/- to fuid out koxv xvater Hoi,vs out, a ('onc,eintrate(l

  solution o{ neutral recl "'a.s enclosed in the cavity of ,'L shut lea'f, ancl

  this 1. e,'i.f bc,.}ing' niacl{i) to iiLti.ryoxxr iLvitl} a stroi:ifr stiniitiluis in pi.ire xvatei",

  the way in whicli t]}e. dye solution il<)xvcli.cl otit was observe(1.

        .,-Xt tlio l.)e.g.'it"ii"xing' <r)tl' the. nELrroxving' i'iA{ox".xn'ieRt, th<i. r(.icl sol{ivioB

  f.s"et.s (')ut from the xvliolo iiaa.rgrin, btit the, paOn ls gradua]1>r irestricted

. afte,r thc} ti'ree-sicie lobe iTiiEm-gin is. everte{/l. XX"r'he.iTt th,e 'sNTater si.ir]roi.mdinsr

  the. Ieaf. ci'rculates sloxvly, the, pre,ssed oat clye. soluti.on is constantly •

  taken axvay by tl'ie streani. I-lenc.ei tli(). niarginal pairts NvhcNre. the, cl.ve

  soltition is, .stoppe,cl are seen clea.rly contraste.cl xvith the y(smaipingr

  p,arts, xvhe.re the clye solution is still coniinf,i' eut contiiiueusly.

        'SLX]'1itile. tl}e. bend ot' the. re.ci.n"xing frebee-$icle lobcv {s l,a.gsitif,.),' ox•'{ii`

  t'h(,) z.one of tlour-arme( hairs.', the leat-. Is pre.ventc•}cl from scLalinf)' iisel,'t'

  closely, so th,'Lt the, xvater. can qre,t out 1n a, xvide ran.o.'e. 'l'}'Lit at't(/sr tl}(,}

  hairless zone.s, htvve conie in close contztct xvith {tac.li other, the xvatcr
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insicle. can tlow out tl}irough ()nly one. outlet (.)r txvo, a recl line or t"ro

beinsr noticed at th(i margin of the leaf.i> ff $ucli a recl line is
(.)b.sei-x'cicl ),xrith the i'i'iicroscope,, siiiall pai'tic.les si.isl.,e,nd(icl in tlrLe oi.it(/)ir

mciclitu'ki ar(i sortR r(/ipellc{il iL'i.qrorcus.ly at the otitlet. which indic.ato.s

that t!ie colotir{Ld xvat'()r is floxvinf.r out of tlw ]eaf cavity Nvith some

rapidity, and also sug'g'ests that th(i pressur(s in that cavit.y is raise(l

conside,rabhr.

      kTt lr.,?]fnb2tlt'r•i'/?x blE}.clclc}rs tJhe. watei' is b(/i]ic)v{'td to be pi.initpecl oi.it

thvoug-h livinE}' cells (cf. 'g<Ruci< 'r)i, or E.Lox'D '3i). But such is out

of question in the cas(i of .ti/:{lt?Iro7,a-n(la-, f(')r the xvater c,an Bow ft'Lr

nitore (iasily 1.x)twe,en the lobes than throi.if}'h livinf,,),' cells.

                     :). f'i'o('t'ss q/ flic Afa•7'i'o7c,z•>i•s, !o7jcc'

      X}YThile a leaf stimulated with an 8 cm. breal< sliocl< reo})cms from

the sliu,t stag'{i, c)ne to xvhich, EL o cin. break sh()clx' ls g''ivori narro"ls

fvirther. 'I"he shtittiiTi{r forc(x in{/iEi.si.ir{'id i min. afteretlie stin"izilatioii iS

stronl)'(ir in the latt(ir case thaR iti the former (']]a})le s, p. 2rg). iX

i'(ipi"().seiitative result c)f dynanioineter n]easurenients xvl'i(.Nn leaxr(.is. Eii'e

stiiiL"ii/ilatecl by E.i. •o cm. ])refi.k sh()cl< is g'iven jiJi IFig'. 2g }). 'l'1iLe le'af

usecl 1.)elon.o's to t}x'.i sam(x "rhorl as t]'iat used in l;ig'. 2cy .x. CI'hci

conditions airo al.so tl}e .same, exce,pt that a clynanioinete.r is inse•rted•

'IJI'ie dynainonietei; ivas the larg'e one ug. ed bctfore.

      iX.ft{tr tli(i niaxinial shutting t'orc(.i is produced, the 't'orcc} i$ xvecJtl<-

en<,icl a little. ancl varying irresrt"arly f{.)r r)o niins., it bet/iins to inci'(>as(i

.gteadily. It' lf'ig,. 2c) B is conipared "Jith 2g A, t.his s.teady iiici'ease ot'

'force is undci.rstood to }[)e the c.azise ot' thc nti.rroxvlnsr ]nox•'enient. ti.Nnd

t]1(} l)aus(} ill th.e 111ov()m{.!tlt }xLfol'e tlle naryowing.' 1.)e.g.>'ills

is prov{id not to be due to e.""te,rnal 1}indrance, bat to
1.at'eiu).y ot: th(i narrowin:}' niechanisin itse]tL The s(xl)c•tration
ef tl}(.} t+orc('s in txvo stc.:)s as illustrate.d 1ier(i, sugf.rests that th{i naiL

i"(')"'ing)' nicA'(.}nient nui.'y be cai.isecl bir a {ilif'Å}"e.rent inechanisin

t' ro in the shuttin ,gr ]n ove ni e, ii t.

      II"he piJ<')c(iss of the. exe.rtion otl t'orce in the in'tcir}Lral b(st"'{,{in tkÅë

shutting- and th(i nai'rowing' cliffers accorcling- to the leaf. but is not

mt}cl] difl7er(scl t'ron"i that sliowiJi iiit Fig. 2g js. In many lea]L'(/.Ls tl'ie

decireat e, ef" force after tl].e niaxiinal shuttii'i.c.?' occ.urs la'ter than in tlie

pr(hs{/iRt exampl(h. 'I"he N'ariation ot' the force in tliis poriocl is mt"'l)

    l> '1'lx" site ot' thc outtlu"' is not (}eiinite; it seems t}]erefo!<: tv be determined l}y

nieehaiiica] cvndlt'iens tli:tt parts of the ont:-layered i'egion ]nay happen to l}e in.
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mc}re li}i"onovmcecl xvl]eliiit a stroiig- stimxili.is is ttppliecl (Fis,. 2g Bl, than

xvliun a xveak stknulus. is given (I`'igs. 2g B, 2)" B, and 28). '
     The tl'o.rce. contiiiiues iBcreas.ing xvlth the, narroxving, theii it de-

crease.s a little•. iind afterxvards iRcreases tc) tl]e inaxinitun. "l"he,,
maximal strenL.o'th of the fovce clifflers xvith clifferent leaN'es, l/,)ut g<.tn-

erally (ftoes not deviate n:tuch fronrt ir)o nTignis.. 'In IFigr. 2g /B, the in-

c're.as() o'f 'force lool<s as if i,t xvere uniform becEtus(i the points wei'e

tal<en .{.rene.rally evcs.ry 2 niinutes. }'}ut coiitinuous inicroscopical obser-

vati,on prc)vc)s thEi.t the' f.orce incrc}asc)s little in one. stiiiall interval, aticl

v{/iiry n:tti(.rl'} in Ei.itother. IIrlriis nitay perlrLaps be cltie, tJo irre.gtilar acti{J,n

c)t' the niecl}anisii]. -                            '     'XX?'hilc} the iiLEi.r.roxving' inovc).iitient stops teiitii]}oirarilv sonic.i n]inut{:}s
after startingr (c'-(l in lijg. 2c) A), there is iio hesi{ation in the in--

cre.ase ot' force. cor.resp()ncling to that. Ii"he•rot'ore, it is o}/)vi(.)us that

tl'ie'i.ui{.)v(inne$s of tl'ie, inoxreniieiit iit that pha,se js, con-
ditionecl not by tl}{.: causatix'{.}. inechanisin, but l.) >r ext{., i'na1

hindranc(),s. ,• ' '' '
                 g. lt'li'fni.)ia.!i??n. of X/i(' !L'csi3'l(uit:t' (/!u' /o

                          /'r('ssi'nsr ()uX of tltc Il'a,l('r

     Th{, narro"ring' naoxre.inent nJii.ist necc}s.saril+Nr be accompanl<,td. iLnd

                                                               hence hii]d(.ir(icl
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e ,'ts in .I//Å}iL.r.

Ivn,gei' sevvus

Ut"'lt>r

              I2         Time in hortrs
. ' l']ie niLnJoNvintg movement of a leaf, the I)rist]e-
which is borecl as shown in .B. a, b, c, d and
28 A. Beloxv XX', the pore in the lobe n(')
 as t}ie (lirect oiitieL for "'at(•}r fyt)m t}le leaf

                  ,by

th() pi'c}ssii]g)' out of

xvater through the
sl'iuttin, g' up of ti](.}

lo])es, as explained

above. I'f a l,)ore
is n'iad('s b'y a ne.{s--

clle iR tlie oi}(L-
la]yrered ir(!s}'ion o'f.

the })ristkt-si(l{.,

lobc) tliis r< tsistaRco

xvill bo Rullified,
ttn{l tb{.N xvat(Mi- in

thc} lo}.)(i ctLi,""'v

allo"'ecl tio fioxv
('>ut trree]xr. I'lence

{')nly tl)<i cff(Lct (')'f

ti]e otlier i'(isist-

an(r(x namcsly tl)at



       Stitdies on tlie Leaf Alozteutent o.f Aldi'ovauda vesici{2o.ga. L. 22s

{")' f evcrsfon of the 'Fre,e.-s.icle lobt xvill l)e. mani'festtid in tihe pro(`(iss of

th(i moivreiit:Le.nt, for (i) the irritability. ot' a le{Lf it not ttlt{ir{zacl 1)),.r a xv(}i.ind

                                                            'in its onc-•lay<}red r{/)s.>'ioiiLs. qLiite i.uilike the cas, e, of th(i tl')r{,e-layer{i<.1

re//•)'ions, and (2) bf•>rinf.r the bristl(:-sicle lo})e has naturally not!]in/g to

d{') xx'itrh the. ph-vsical ch,i}.racter oi' the opl]}c>site 1{}b" )Lvhleh 2Uone• is

(iv<irt(td xvhen the narroxvin//y ral<es p,lacc'. I;ig: 3o ,y g, hoNvs tly` proc(': s

of th(i narroxvinf..r nitevenient ot' ,'t 1(utf,. on th{L1}ristl<i-sid<tlo}xx o't' xvhich

a po. re l.ias bci{,n made as shoxvn in B. It is inter(igtinf,.}.' go conipar(t

I;i.t.rs. 2{,/ ,x, B [tuid r)o ,i. xvith eac}} otlier. for the first r{ipr{ssents tl'ie

case in wl}ich tJlie nitov('in(tnt it a{if<)cted bN' tl](, t"r('} fornis of r{/isistian("{'L,

t}'}e l)rcssg.ingr o"t ef "'ate.r and the <ix'ertin.(.r of tlie. Iobe., the second,

by neith{xr of them, a.nd the. tliircl,, b.v t]ie latt(ir 'form oRl)•',. tli('t• e.7<.-

t(n`nitl eoltditionf.s l)ein/g` the. tairi"i<'t in all cas(is.

     'l'he narroxving- inov(inient doet n(>t oecw/ until the. 3ot]) miiiut[('t

aftor th{} stinJitiltttion, just as in the ('ase of the norinal unbored l<'xEi.xres.

in sl)ite of the 'faet thti.t the resistanc;e cl-(, t{') the outHoxv it ni.illified

in the pr{Ls{Lnt: case. A l{,af, th{)reXt'or(,,, is k{i}')t in the shi.it stas.re oiitly

by the r{isisuLnce, o'[C ]o}.)f-s, xvitlistan(lin/g" a shtitting?' forc,(', c.)f al)out .so

n"tg'ins. 'Irh(,} r{L>s. i: tance </{i.ie to ),vater is I],rov(td, to hcftv(x n{>thin.(.)'

to do with the niaint<iiianc,e of the sh'at sta.c.)'o.
     't'he i"it""r()itvinf.',l' inovenieiitt is ret]ttrdecl soon (tft{/n' its s"cEtrt•irrip,,', jiis• t

                                                 'as ir the nornial unbor(id c.ase. ]'l'erc,. it is prov(id a//rain that t•he
pausein the. nloN'en:ie.nt in tlie eai'ly .staf,,',)'(bu. of t]IL(.) iltEi.!"i"oiLN'iilf.,l'

movenient is c'ii.ie to diffic.i.ilt]v.T kit ei,'ertiiitg the. Iire{.h--si(le

lob('i Tiitargiti, ancl not tQ t!ie iresis,tance of "rater ,at all. .Lfys tl}e
       'resistanc.o of the lo}){is does iiiot clepeiLcl i.ipon t]]e x'(tlocity of tl)e•

movement,. the delay. of the inove-.me.nt jndic,ates insuflric.ient strentt-th of
       ,the f(r.)rcc•. I'I(lin</`.e the cltiration of tl.iat temp('>rary retturclation d(/inot(`vs

the })eriocl (luring xv])ic.h tl)e f{')rce liat s.rath{ircid strenf.rth st'> as t{) b<'}•

suf:fi(si(Ltit to ov{irconi{} the. I'],indrai)e.(t.

     "I'he. niox'{Lni{int] is acc{il(irat(id as soon as t'he lob(i inarf,,.,rin is (i]v'erted

((l.), just a,s in che. c,astL ef a n,omiE'ial l(iaf. I'}ut th(i velo(.)ity ttf't(n' that

is inconil)arabl.itr f.rt'(iater in tJhe. pr(xt eitt cas(L. 'l"]ie linci. "/r"/r, indict}.t(is

t'he (}ritical point, 1')(Lloxv Nvhich the pore no long'{n' serv'(is as a direct

outlet of th('}. cavitv xx'at<sr, as the ever$ion of th(i free-sicle lobe ha:

pftss(id over the pore on tl)(x om)osite lo})e. Th(.} niove.inene is retttrdecl

ii.s s{'x)n as tl}e lol)t.x. c'aNrity is deprixre{/1 of its E}.rtiftci2).1 xv'ater ()i/itl(it.

     'I']1(t cluiel<('is. t] 11alToxvill.c.}' 111ov(.illlent is llot IHIifol-lll ill its V{"10CitY ;

in cert'aiii e.ii.s.e,t, i/ff) to i/7: of the xvhole. narroxvii'ig mov(/iiii{>.iit iS

p{'y'formbcl xvitl)in only 3 s'{icon(l: ;.a :loxver niox'csment fellowg., rhon
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atrt(iir abottt i minute, a vc'r.xJ (/'li.iick one ttf.-,}'ain et'e. (.)B<s nitk]'ut<b l/)lot-

tiii..o' shoxvs i)othing.)' EiboHt such iiiinut(, <xhang'es. Sucli an alt(n"nation

(,fi quic.k ai"id sloi,xr iitiov{iinixxnts inclk'at(is lack ei" lnonios.r(i/iity in the

niechanical structure o{r the one-•la}'c-}'('id i-cig'ion oi' tlie free--sidct lobe,

l'or {rvxanriple accicloirital thickeiiiing's of cell walls (see also p. 227), as

xvc-11 a$ irregu]ai" ac.tioi:i of thct iJ)"iecliaiiism (1). 22-l.).

     Tho above experinient prov"s that the velocity o'l' the nar-
ro xv i ll .o" mov (i m (s l) t. of Et ll ol-111 al l(-Eef, ELft(}lr th (} mEu'gt ll of the flKi ci-

side. Iobo .is once ex7ertod, is 1iniited by tJl'ie v(/}.1ocity xvith N\/ hich

thci "'ater is pushod out. Crhe cii.'ci"nstance$ are also conArin{/ cl
by the fo,lloxvin.gr obse.rxra, tion.

     It' the dynamometer is i'emoved fi'om a leaÅí when the leaf is
{'.XCii`tili.(}' tllci illaXiii12}] fbl'ce (cEL i2o ]11.o'il}s.) vtpoil .it, t}]('. tNvo lobc}s

s"dcl only coi'irLe in c]o.se coi'!tact ainicl press i.ip. oii.i each </)ther. I/Ioxvciver,

a ql}E,ll't(Zl' Of ?.L 111illllte iS 11e(/:C}SSalrY fO, 1' th() leELf t{) COI]le illtO th(-ts. StELt(.i,

.s]lolvt) l'll .l.ii.g,1 S D, al)cl tx ll'lillllt(t o) mol"(x. 'Sr()I' th{') 1]E}1;j-o"ril).,(,),' lnovc>.11r}(kllt

to adxraiitccli, 1talf i,vay oi'i it,s coi.ivse. This ii:iclicELtcts that (,}tsLren if an

opeit leaii 'shotild si.iddc}nly e..xertJ Ei. stironir t+orce quite si.itlFiciei:Lt t<.)

bi-iii.(.)' lt ii)tQ tl]e ultin]a.te narjro'xx'(')d, sta.,c.,.re, the 1(xaf woulcl ii()t nt}.rroNv

in an instEnt, l:,)eins.'r r{[!t]arcled bJsi ]Lr,ari{')i.is 1}iiiidrEi.irtces. Tlite. doiniiiant

i'(hsistanctt). in this Åëase pnust 1)e that of "rater, t'or the e,version ot" the.

Iobo can be, conipleted in an instant as the acting?' t'oi"c() is stroBg
                                  '<; llOU..O. ll.

                   .s. ./•i'fi.;,si?'(x•l, Clirr,ra•(rl(•'7's ef /lze f.ob(J

     XVb(xn th(` bristl(i-sicle lobe is ci.it oll{i a]ong the midrib, th{i fre(.:-

                             sic{e lobu, attacl'}ed to the' midrib, shoxvs the,

                     ht .                      '                                           .
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     l't is probal)ly no easy task 'for a 1{iaf wl)ich has just start({d
nar]'owinf..r, to catis{L ev<.trsion alonf.r tlui i,vlLoki nriEi.rfrki ot' tl](s lob(i.

itnd h(m.c(s th{z nioven3ent i.s sttspend(icl EL whilc} lxxt'or<L th{, ctv(ti"sion

occurs. But oiiEce i{r. has taken plac(i, inucli l(/ss lroiÅé<, is recli.iirecl to

mov(i cun'ii'it..r inxvards, for thc lol)e is ('oniii'tgy n(sar(n' te an (}qi.]ili-

1)rat(icl state (l.;'i.g,-. r)i p.); hencc` the narroxvintg inovein(,nt {san s.ro on

,,rery quickly, pr('>x'Icl(xd xvater in th(, ]ob(, (iax'it:T {"an .o.'(iti out t'r(iel]s' as

in the cas(i of l,;i/,')'. 3o tiL. .
     'If a thin-xvalled rubl)gr }')all is cut into txvo Iialv{is, ancl ('>ne o'f
                                                                    .theni is everted }}alf xvay,just to correspond to the. case o'f .Fi,c.r. 3i ls, tl)e

ci.q"ililr)rium {R siLiali. a st.ate is qtilte i.mstE}.l)ie tu-td the, rublr}er i,x,'all Ks,'ill

cLitlier wholly overt its"lt" oi' xvill sprintg- back to its original st'ate. IIIn

the Åë.ate of the. Iob(i, the thre(v-la}rer{Lcl ref,.),'ion and the miclribprex'ent

t'l')e entir('} c}version of tl•]e lobo, and hence the lobcs xxrould onlv return

to its origrinal stat{i, A, throug'h it$ oxvn ctlastic t'oi'c{i. I'len(.re a for<xs

is ne(.,d(scl to sl']ift tl}e ('ver,sion iR},x'ardg, thoug'rl] quite [t xv(ial< t'orc<x

.stiflice.s ?oi' it. i'Xiid iix)i'e i"orc)e is i"(ic!uirecl xvlien tlie bc}ndiiig?' coiiies

neareir to the enÅëlosi.ire-homid[•i.ry, nEi.i'itely xxr])en the eNf(irsion of th<t

(')ne-lay. erecl re..o'ion is about to be {'()mpletacl; for tke cells b(icome
thickc}r t,Lnd th(,ii, at lase, txvo-l(a>'(xr('d (cf. }"ig. g). 'Fhe r(Nsistanc(, of

the lel,)o. conites t]e ils iiicaxii'ttuiiti, imd thc.t iiai`roxvingr inox,'(ii'i"t{tnt is

,st-)ppecl in tl]e stat{.E s.hoxvn in Fi/,..r. (/?. ,
     Tn the narroxved sta.gre, tlLe ]obes, are c.onsteLntly press.iiaf.r i.ipon each

othei', to keep th(i one-3ay(}recl regi(')n of the. fi'ee-sicle lobe xvholly

evert{.td. .Xnd xvh(in the forc.e. of the. Iobos diminish(,xs, th.e leat'
q.)'t/)iiri.g' to vc,•,.l:}i.ilfg'e, th{i, <i.v<Et-s.ion of tl:Le oBc}-lay{/irecl res.rioini is re.c)oxrcx.red

cei'itrit'i.igtt]ly throug,"li its oxvn (ilastici"L'.x.r. In .some. 1(iax•r(ss, hoxv(,xior, tJhe

free.-sicle, lc)b(). renriains i.inctlteifc'cl in the xv'h(i}lly (ix,ei-ted .stti.t{.),, (.:v{.tn

at'ter re.op(iR{n/.ur. 'l.'hese le{av(Ls are th.unc.i g>'enerally t{') l)o fL/uite ini-

m,atur(i or Etl')n(')nnallv i](')rmed.

      'l'n an early phase of tl]e narroxvinf....l' moxie.nient, the (iversion does
                                 'not o(r.{sur along th,e xvhol<}, niars,.ri,n of th(s fr<}e-sicl{i lo]'x,, or only at

tl]<x middle pEtrt, tLnd then sonae folcls are fr}rmecl at the bounclari(is

between t]ke parts evertecl ctncl those i]ot exrert(id. "I'litese tl'ol(ls. hincler

tlrLe irtarroxiLringr nioveiiLient s.rreatl-v. .Xccidcvntal tliickenii"if.)'s ()f cell xvalls

in the on(,i-]ayerecl resrion of tl](t t'rc}e-•sicle lol')e svhich may bo detoctecl

wieli tl-ie ni{c'.rosc,ope, also hinder thc centripetal pirog't"ess of th() ev{/ir-

slon froin tinie, to tinGe. rl'he prÅë..oTess of tlie narroNviR.o' inov(inient

is conclitioRe.d not only by the ustial ro,si$tance of the xvatc,.r and the

lobe, as inentionecl b"fore, buc also by thos(i accidental iinpedinionts.
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      Tl}(ire is a latent p(iriod o'f about r)o ininutes lxLt+ov{L this niov<'-

inent starcs. 'l'h<i whole proces.s of tl],e s.tiniulation js, howcLx'{Nr, not yet

knoNvn. Bri(ifiy cons,id.e,r(Lcl, tlxi shuttins.>' in<)veni<Lnt may s('(`m to s,..,'ixre

]'ise to th(i iiiarrexs'ing' niLoveni<tnt. Buit xvh{iR th(i. stinitdEttion, ('itl']"r

s(}is']rii<)nic or (.}l(tsotrical, is xiLr{,)ak, t}ais lti.t(ir irtk(r)veiti(!i'it do(is not follo"',

so t',hat the sl}uttin{r niox'(.}ine.ht it${ilf naay not account it, that is t{'),

say tlie narrowing' n}ovem(tnt inust clc'tpend upc}n its oxvn stiniulatinn.

In the natural c,'Lse this is re?.tlized l/y repeat<icl ta(/itile stlmti]i c.<')ming

/f'rom th<,} pre.>r that mtist be trEi.n.g.i'i:iittecl tJh.roti..o,'h t]ho iirti'}er epicleirniis,

{.Lia{!l thcts iii:ioveiitlent E...}'fxis ('m c/luicldy if tl'ie stiintili are //)'ive'i very often

(p• 23o). It seei'ns th(n-(,for{L probablci that r{ipeat<Ld shocks from the

insick:) n:ia]}r caus.('i, a l)l}]Lssiolof.ric.al cliiang're iii tlie oi/it<'nr IEi.ycrs ],x'hich

eflf'e.ct,s th{/} narrc>xvin..o" nio, venient. XVheth{ir tl}e reaction in the. cascs

of electirical. fhocks follo"Ts the sanie pvo{'Å~'idure or xvl'i.<Ltli(,nr th(ise are

perc(iived, clkre.ctly firo.m the outsid(i, is also a question, bi# fi-()m the

results obtainecl xvith tetanic e]ectrical stimulation (c,f. }i>. 2,3{ and I'art

lf), d)e latter cas(t seeins to be the niore probable.

             7,. 1?ec:a.PiZitZa•libi2. r?f !'lur .1'a•cloi's C:o7itl!7ibni'n,e'

                            !flv IVrv7'o7etl>7g ";!.lb7,t'ln(in!'

      [{rh.e nartrowinf')- movenie.nt xx'as (kxn'i{'mstrat(id to be cai.is<id by

cfLctiv('i. (,)lolls,',,)'atioll of the out(M- (}pid(/il-llTt[•tl Eu:tf/l tll() mid(ll() ]ELy(tl', tl'lolls,.','])

<.rhiefl]yr })y tl}e former (p. ](r)). Thc t]i.u-,,(,ror of tlite out<ir epid(irmal

(' ;ells beg'in$ to iiac'irease aft<,)r thc lta.tent staf,,?,'e, ancl thc nEtrrowing'

iiiovom(int st,'wts and .,c,,.>'oes o& ov(.srcoming varicus l}inclranc(:.s. The

i-()lation;s, amo,iig'>- the. c,hief tL,i.c)tors iiit the. iiEu`!'c)i,Nr•ing)- iiioxreni{iiitt, iianit(zaly

boi.mdary--clistance (.4L), i,ielocity ot' tl}cbu ntoivren:{enti (B), force exert<zd

})y th<i lo})e.s (c), the r(isistance offlcred by tl]e freo-sicle lobe (i)) ctnd

tl}e r{LsistanÅë.e ('>f xvat(sr (E) are shoxvn dia/g'ranima.tical]y {n Iig,. 32. In

t'.his figurc, tl'ie abse.is,stt indicaLLes, not the time r<ilation, l)ut c.ri'tical

l)oints in the inc>i,r{snu'int, ta'id the 'values of the orclinEtt('is are only

itl'llLf,'."illtLllV•

      "ltl}rough th<s secondary inci;(iase of b"nclinfgr i:orc{i (c) ttt b, th('

narroxvingr movein(Lnt (A) begins. But this is stopped at c' by increaso
ot' D, kl sl)it'(x o. ii th() colltilluc)tls illLcl'<!ELsc) o{ c. .-X,ncl txs .sooll as t]'1(}

mars.rin of th{x 'fr(i(,,x-side. Iobc, is ev•e,rt()d b.v th(i inereas(icl str(Lngth of

c at tL i) dci("ivases abruptl>r, and th(i narroxvinf.)' niov{in)(iBt procec-ds



     In Nf.?.; 2c) i}, tln{.t

                           -fc)rc(i di,lllillis]1(is ELfC<tr 'l•

                           =t;l}c leaf has ()nce (,.x- ;' A
                           =ert(id n<xarl],' its irtiaximal ;..

Stl-(ill ,C.>'tll , g' l'OXVillf.]' Stl-Oll S.}'-

('1' 21s.}'(.Lill ill tlle 211td hotlr. .l'ii

                           'JS. uah a (lecr{ras{) oiC ferc(i -i'i- B

                           F.mELx' l)e di.i{) to the d<ifor- X

niar.ion in the otit(sr txvo
                           l"1'lav(xrs of c(ills as shoxvn tLr: c
                           tr                           riin I;i.g'. ;,3,. 'I'his fi//rui'{'}, is

sketch{td xvith a (`ross- .-
                          ok.
s(.,ctioi-te.d 1<iaf, "'li(}ii the .Iii,tt D

sr ac{} })c}t",'eei} the three- .tt ,ik

layered re,(.}'ioiis xvas. i)ot

                          L-./r,1i,,fKl6)llli}].il•//laill•,,liC",lliO,1 .2• iT. .

                          v'"                          1certaitl d(},(,,),'r()(}, })Ilt as '-

the one-laye,r<id regions

of" the lobes are fiix'ed

by the af.>'air iiiL th(sir

origint•Ll positic'in in ehe

op(}n state,, the distal
I)al-t of tll(} illf)til{> zon{i

is trorced to ])(} c.ollc[LIL'('.

'l"he {•onclitioi} in:•Ly be

th(M saine xvhcn a clynfi--

moll.1(ht(Ll' is opposinf.),' th{t

ttPIL>1"Oach {.>f th{i on(i- {'l'

layerecl r(xf.rien xvhil(tu th(i

n}otli(.1 Z()]1(} is stl`ivill9..' to })lm(l

strong' enou//>'h, cells in thi.s

nif}.tioi'is as those sl.ioxxrirt in

dvneviioin(w{tsi' b(sitis.}' tlius

hoi,yeNrer, is s'tJill s.}-l-oxVillf;l' .

      Studies oiz tlie Z..e(4 A'foz,e2nent qf Aldi'o"eanda wesicitlosa L. 2-7g

inarl<(L<ily. Il'houg'1i it mif.rht prof.rr(is: l)arall(vl xvith B in /..,;'{ineral,

.It f.)'1'oxVs collll)ctl'ILt'iV(tlFivr f.,'l"('ELt](il' (Ls tll<) IUtl-1'oxvi]ILg- ll]o<'<illl(,1'lt S..,.}'{>('S

en. and {'sp(-eially so aft<tr th(x s!.]uttins.r tip ot' the l(iai' c`ttvity has

e{')nri{i to t]h{i hairless znn{L. .Xcci(l{tntal liindranc{'s are on'iittJ{'d in
tl)e di.'L,,(,}'l';Llll.

                                 abcd ef          h-                                  G+

I

t

L

,

t

u                '' t'                th-, ." vt.J ..                " = J-t #i      . -. t•e gti ;-l•R i,i•
      lg. gg, 'g,i. ,ij,L.. g'l, /S./r

      = =M n.- -- --      ,TL Lf•g .,,tr .//'/r• St•E• t5i,•

        <--><- -----------><---
        Shut .N'arro"'inf.i n)ovt. Ntu'ro"'tljd stage
        stn.c.re < , .um.-.><.-muum-ma-un.>

                                     '             I'"ree-sid(.t (Jonspie-
             lohe not uoti.s nur.
            {•rverted yet inovt.
     1;i.[.r,. 32. I)iug.,r:un shoNving the relation of pro{gi'ess

    the inov(inieRt <tN.), velocity (B), force exertien <C},

  resistanc,i of the lol)e <I')> and dint of the "'ater {]'l)

      itself sl•iarpfsr. .•Xfter tl}e. f;erc(i grroxvs

                     .   I)turt' nrEay J)c} szibje(Ntecl to su{'h clefor-

     Fif.)'. 33, tli(')• t'oi'Åë(i ('ixc'i`te(l up<')i} tli('r.

(kicr()ased. 'l"he forc<b ot' the i,notil(} znn(',

o' r<i;tt(ir, and as th(L deforme.d parr ot' th{i
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lolx} docxs not lose its rig'idit-v, tl){i .

ag'Ei.in. .X lreaf N}LT]itich l-]a,s {')nce

dynai"i"ioi'ii{iter clbes n(')t reop(in. 'l'liits•
                           '              'may b(/ due. to tlui injuriotis e.1 <'}c.t ()f

suc.h, dcsformatiens in tlx'i cells. Il;irom

th(i above reason.inf/r, it is to be $i.i}.)pose),d

t!•u}.t in a nc)rnially nai"roxving' 1(,iat', th{.)

(l(}(-reas(x {')t'. t'o. re(it before the niaxiniuiii

niay not al])pear, ancl i]liLe proce$s of the.

'irorce may bo as sl']oxvn ki Fis,.r. 32 (i:•

     'l.l.F;tially a very s,littlitt nayroxvii-itr

occt}]s afte.r the conspicu()us niovenicint

lias oti</:e finishecl, as seeiAi a't tl/i<.t ,sth

holl}r it) i;if.r. 3s or 11t ./ ill IFi/..)"s. tt2A

and c)2 p). I'n spite ot" the sniallnes,s of

this acl{rli'ti.onal. moivrament, the caush"}g'

for<N{s (c) niust bft very stron..o', foi" botli

EW(i iFPI'Y 1;Llll'<i.tl•](ill.

                 8. .lln 1'/u' (,•`as(i (?/ (.ii2

     .Xll the obs('}riL,ations Ei.1.)ox'v.

{ittcli et' xi,'hich nr) niore} than a .sii}gle•

'I['hesr svrvccl t'or anti.lysin//.r tlie phas.gi/s.

the nain'owins,.},' niov(/nnents. 1')tit t.he

l<`af cEi.ptiuÅés Ei. small ai-tkm)ial, for i) the

not <il(Lctrically and 2) the srinitili are.

onee. I'lenc,<t t]1'}cx nii(i)vem(snt ()f a l{,[].tr

b:'i d(is(rrihecl ]i<;rv.

     An ol)en 1(iaf is fi.xe.cl tmd(}ir tlte '

apiÅë."tl }IJiexxr, an(l many h'iclividi.ials of

monly {'ouncl (r.apttured by ..i.l(l7'o7Fa•uda• '

v(sssvl. 'I.'he>r s"rim al:)out c.ltiit{i. at

tira(rte.{Ll by th(i leaf -, soiiiie e.,vei:i swii'ti

p. air oi: lo].)(hs an(l f,..ret oiit of it agrain

tl}em, sxvii'iiiailnf.r aiitTtonf'>' tl'}e ,s(>,nsory

('1iaRce, tl'ie ]eaf reacts ancl sl}uts the

     Tkc} cal.)tm'(,cl .2/3osmi'na• swi'iGis

i'oundecl. bv the xvhole insid. e surfaccb ot'.
           v
ing" niovcnnent bef.)"ins, and g'ocis on, tb.e

a.nd sinall('tr. imtil at last. xvhen thc} lctaf

     dyiaamom<itetr r{sadinf.)'

<x.x{-n't{vd the niaxinnal f{)r(se

s
.XxN Nxx
Skrsx..

t

x,xyNss

      'i"i'`""

  the ceHs

  antl the

  llalTOXVIIIg.

  1)y the

of the

,,iisi".)lkilllllllrNil;IS/Ylllstli.ll;gssi

es.,.[i' LSCI'(ill

'c' LO..1]ul,r)

"S"'A,`t"•-

vss--Hpt--

 tt•llgel,siENtwJ}s.ilxlssl.i   .gNggxiyN-'

 Å~XX• 
>N

>.
"Å~

-     ,ii iielii   iti   e'  dit      t'i  eltliTj;t
l       oliit(l    -il   eile.IE•  

  

,o' i/ ill" fO 'C rl

edernclhiisli.11t'llE,elovITI
 ;u' ati

)l&l)(.h.Scr<Ultc'•isi.Sl'C

       X•2/77'll,.o.' fl!(' 1'r4y

nit{/}nti(.)neci xs,'ei"e niticle xvitl} lc,saves to

       el(/).ctrical slitocl< hacl been g'iivien.

       and fcictors 1n th(,) sh"tt.ing aiicl

     case iniist be diffe,rent Nvhcn a
        1()ELf is stiniii/ilatecl iticichanicallv,

          /...riiLren rep(,iateclly, instcLacl of

       xvhon i: ("t}.r)ttir<')s aii a,nimal xvill

      lrtllcroscop{.i so as to sh(,>x},r its

      /5'osin!n.a, xvliiich ar(i in(T)st eoni-

       ii'} our ctiltuir{/t, are pi.it in that

   irandoin, and se(,mi not to 1/)e at-

          into th(,.i space, be.t"re(,n the

    iinc.once.ri:tdly. I'lut xvh<tn on{} of

     ha"rs, totich<'i.g a fe,xv ot' tlxLs() by

      aiiiinital in.

   xvildly in the space iLvhich, if stu"-
      tl](i•} le.'tf. I")ut xvlL(/}.n, thc} nttrroxA,r-

          fre•e spctce beconie: sniic l.lcxr

         is (/,ll.litci. nEl.rroXvc)cl, it c,'tn sxvinl

e



       Sktdies on tlge Let{f vrlfovement qf Aldi'ovaiida z,esieitlosa

only NvitliLin tih(-) (.}n(,)losi.u-e-boi.m</lttry. rl"h(x process Qf tliie.

"rhen an individual (')t' !)'o.s"mi'iia is ('aptiirecl is ,sl}own in l[?ig,

aniiiietl iLx7as ca. o.47• n]iii. in lctsn//rtl/t.

It stol)p(}d ssiL'ililt-ilk'is.}- iLft'{il' ti.boi.tt 3)

hours' nnprisonni(int, thou{.',rln still

movin.o.' its appe.n(lttg'{is, and tl){xn

tliecl a tt'oocl inany liours after that.
I.t is not ('leter]"iiinecl xv!wth(ir si.ic}rL in-

at]initation and 1<illinf.),' of tl}(i pr(iy i.s

due simply to its suffo,tation, oy to
soill(i. $p(ts(sial l)oisoiiL Ets 'l<.]<UCI< ('r) i)

has prox'ecl in (,rl•ri?/ular!?T.

      'l"he proc{/}ss in th(.} pr(i$.ent cas<h

diffcvrs froi"i"i tihat in Fi.g..:g ,AL ip tl.}e

i'(i:sp{"}cts that i) t!ie interval betis,ve(in

th{i sliuttins.r Ei.n(,l the narrc)xvipgr
                                      e?11ov(}l?lolll; is N'ory sllort, :L)) tll{,

         .Ilal'1"OXVII'lf.r ll-LOV{}lrErt{'lllt .C.}'OCSS OI'l INLIOIr{i

rapidly. and r)) tl}e mox'ement is
(luiek in its {',arl)ir plias{, but n"iuch

p'ocxtst. I.',ut, the t{inap<)rary '
n"{Ei.rgin {)i' tl]e t'r(i(i-sido lolxi is ab(>ut

in the, pKss(>.]it cas(s.

      'IKhe llElll'olvil'ls.)' 1-l'loV(}11ml(".llt CtUl

lation by• soine dissolved nitro//renoLis

{'aptur{id tt sniall animal, st")stances

tin:tct to eff,ect) tli(i nai'ro.";in,g', f{)r

half ctn liour c)y so. Menc{i it is

is conditioned onlv l)'y seismonie

(i.t iLxrill bg stti.tg,cl in 'I'art ii, a fexv

nev{ir ce}.i.ise. narroxxTinf.)" 1>tit onl.v

cilud(id that the eapttur('vd animal "

leaf. Sxvimmi!ig' amuck in t]he ]eai'
by (.',ne, (}.nd af.rain and again. tl:Li/is

p,"atndly, as soon as anJr of' tlx'}

      'I-]i{rf. above c.oncltisioiii {s ]Lrei"ifi{1i(1

weak' and tetanic {-lectrical stimuli, :
distance, 8 cin.) are appliecl to a leaf
th(}, l]ctl`troNvirlP.,' llloV(}lll(,).llt O(rC.ull'ilaLg'

charcacterist{cs. .'Npplication of .
fastoi' inoveiil(iiit. an(l finish{is tl.ie

2

'g

liii

 L. 23I

lll.OV(Slll<.illt

•r)g• Th{i

          yetiarcled

C(iSSEI.tlOll Ot'

            to

        l){s c.E•tllecl

           111EVtt(>l".

          k-olll

        tl•']is

      verxr conceivable

    stknuli, tioii

         touches

     shxittiii(r.

     gives xveak

         cavlty,

         ccauslno
     l]ak"s recovers

           by

            NVinen

           eve•. ry

         sl'ioxvs

   stroiitg' ancl

       11Etl'1"OXSTIII(r

        o lo 2o 3a
             '1'imC) ill millut(is

         ,l;ig. 3:l.. 'l'lie moveinctiU eF a

     Itiaf when it capt{trcts a iiv{ii9. I)rt:Y

     (at the ai've"'>. tt, h, c, d ;m{l c

     as In Fig. 2g 2N

        in the later haUr'o'f th<i

  the niovenient (tr) xvh{xn th(}

  1'){' overtecl is also Etppar{stiti

                           '
        i'orth l)y ch(in'tical t tin'iti-

          l')ut wh{/'vii the leaf has

   this anbnal l-]ave. pot <inouf.rh

 niovement is finish{,cl xvitl']in

      ' tlnctt the nioxrenient
     {)f the sc.n$ory liairs, wl]ile,

      applied to sensor.xr hairs

.. IE'kerefore, it is to bo con-

       l')ut t(ttanic. stimuli to tl3e

' it stril<es sensorv hairs one
 ' ..' lrritati,on in the leat' r(i-

          jtS $O.ll.SitiVitY.

   iiiiitatioii of tli({ case witli
        xve.'tl< })reak slTiocl<s (coil

     111kl!lte ol' lllolre fl`()(Iuelltly,

     the above, nientioned thr('i(i

    te.tanic stinnili ca, uses inuch
   ' ..., 1,Vi'[hill IO 1111k]1.ltChs ol' so,
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                              F. Recovery Process

     (.r•zcv:N ha.g cl<iscrib:Nd that ii" tl.ie, stimu]es applie('l to the l(iaiT

                                       -- --of .•'i.l(li'o7,(rvuXa. b{i xv{ytk, the leaf r{)optins a'ft{ir si.x l'iours, xvh,er(ias if.

                        'it h(s strong,', it do(is nQt o'p(iii ti" af't(n' txvelvc. houvs. I'I(i has als()

ttat{.'cl that tl,)e leaf (`an op('Ln agrain (,tnd af.rain. i'iT its ptvys ar{.i tmall,

"'liile it] n<ii,,er r{iopens aft{ir it ]ias prey(Lir1 til)on tL c(')ntl,)arativ{'1.i,' lai'f.)'{i

oi' s,.),"ELi)ism, foi" too inuch r<'xfuse ig left kiside of it. I'I{')xv()vctr, Ho d(i-

scription 1ias yet b(.'ien f...}'i,ven o'f du,} phas(-is thi`ou/;a'l) "rl]ich tlne l<ia'f

li)as:(is. xvheii it opoiis af.raiii t'roi'i"t th(.i narrosLxrocl st[Lf,'.l,-(x, 6r 'from t;h(s

S})UC Stl'L.O'Ct.

                           a. Re}/ul//'rin/g' -Xl'ovem(int

                                    i. 1)7'o(?ss
                           '
     'I'h(i course c)f' th{i r{vbulgin/g.' mov"m<Lnt is a rev(ir.sal of that of th(`

nai'ro"rinf.),', ex(';elr.)t in the tin:ie yvlatJion ; the 1')otmdary-distance g'rr(./}xi,'s

lar//g"', ancl the 1/f)ndin.(,.}," oi" th('t e},'ertecl fre(i-tide lo},)c} is shiftecl ba('-k

centrit'us.r,f•Llly, and wh{/)n t]h" lobe. Ii,as rett.rain{id its ori//g.-in,al convoxity,

t-he lea'f it in th<', s.htit sta/g'e and, tb(.i rebulg/rin/g' inovcm(xntls ove.r, the

•:k•
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L,-LmhL. 1 l,-.lthE          oi23 :; r: 6                                      CFime in hom's
         ll;isr. 3r). 'l'he wholtt process c)f the leaf movement,

     (d-e-), rebii]/.r'mf.T. (-d-b), arid reol)et]ing <b-it>.

     J,'igr. 2c) .,)L. I']'•': the boundat'y-distaTice of the

     in c; C2(Ll.1)': that `c/`ter the nat'rowing; 'I<,R': that

     stiniul:i(,len

mov(illl('ult, thell, (vltt}rill{)' th(1 1"('OI). ('ininf.')'

chat]g')vF." in the bQttnd,Ei.ry•pclistaRce {')f a, l(-saf

L•!! 78g
       slnittinf,r,

a, I), c, cl, e and

shut staqe btY'orc,

   of thc open

 phaso,. Fitt".

 " "rhen it is

  rm.f..rmrm.ww. I ..ua.J

   1'o rll

(a-b-c>, narrowinf.r

 thc.L arro"r, :ts iTi

 the n;wt'owingr "s

stage l)efove thc-

  5s shoxvs tl){x

sl}ut, narroxved,
                  '



       Stitdies on tlie Leaf llilovement of Aldi'owanda vesicitlosa L. 23,l

i"c,}.)ulg{id and thcin reop(in('d. In orcler to hax'e the coers{i comvl(.,ti{)cl

clul()1<ly, a yoLmg 1(:af belong?-ing to N(). fl xvas usecl ancl the water
xvas l<{ipt at a tem})eratur(.N as hig,h as r)2L' ('. rl'he stimulatin{r el(ictri(N-

itiy was. Ei. moiirientEi.ry tloxv of ',t constant s.treani of ;)o x'olts, the

(ile.ctrc')d{,s 1.)cing' 8.s cms. apart from ea<.:1} c)tl'ier. '

     The narroxving procoe</ls very sloxvly until th{.t stli 1iour [tlrter the

stimi.ilat!ion, but] th{, m<)veitient is r{/ix'(irs(id in th{, C')th 1)oi.ir, conspictious

robulginf..r apl.)eiLrins.),- in the tSth.

     Thc} eversion of tih<t lobcv. niarg'in ('xerts g'rcat r(isistanc:e ag'ttinst the

progress. of the narrowiiig' niov(sAiic:it in its (iELrli(vst,phas(s, as has oi'tcin

been statecl ab(>v(i. ] 'Ial<ing an inter(isting/r contrast witk this. th{L r(,-

bu]ging' nioveni{,ntis acceleratecl b}r the elttsticit.v of the
lobe iii its lttt'('.sti plias(`. 'll"he t'ree-psicl,(` lob{' has a forc(` in it.gL:elf

xvhicli enE}.bl(lis it to r(/sgrain its ori.g,inal ('onv('Nity, as soon as tl}{i l(ial:

recovers froni the oquilibrated state (as iii I;is.r. 3{ B).

     Such qlasticity can b,(M also r<icosrniz'{i(l und<Nr th(s mic.ros(•op<t 1,)y

touching' the lol)e xvith a glass rod atta{kvd to a mic,ronianipelat{.)r;

tiie. margin of each of thÅë lob"s can l)e sl)arply 1)chnt by the f.rlass rod

e'iither to th,e outskle, or to the lnsicle, 1/ut it ,springs back ag'ain to its

(')riginttl t"ornii with('}u}t leaving' any traces ()f such beBclit}/i}'. Tl/is c}/ Ei.rac-

t('}r miist })e vc)i'y coiiv('iii(}iit iii tl](}. rcsbulg-ii]s.?' movaiii(mt, for the l(.sctf
    'has only to tn]1.)ond tke inotile zone,, the. ono--layered re.gion
i'(.i.g'aining.- its Åë,onvexity by ltse.lf.

     Tl'}e rebulging- moveinent is causod by active groxvth of the imier

{i piclerini.s (p. 2oi). Ilet its l,'ttest plias(i inust be ac.cel(iratecl by th(i

elasticity of the 'fre,o--side lobe, thus c.aiising- passive. elonf.)'ation ot' th(t

inn(/sr {ipi(/fle.rmis (and Ei.ls{]) coinpre,ssion of th{i out<Lr (.i.pidern-}i.s). 1-l(xnc(i.

xv})ei'i the rebulg'in.gr is finishecl and the stiress of the lo})es has dis.-

al)PC)ttl`<X(l o]iVillf}- to t])(.lilr col:llillLl;' tLl]}(Ll`t, tlle l'{.icol,7el`y lll()iL'{)111(.il)t l:tlay

tiE}.tttrallv cease or }[)e r('ttt).rclecl uiittil the trull naechanisiii of th{L i`<ial

.q.'roNxrtl.: overtakes th<i passiv(t {ilongration of the Åëells (cf. I;i.g.,u .3.s).

          'Th<s boutidar.v-distanc(.t at t!xL shut stag}'e is f.rreat(sr o.fecxr the lectf l)as

r{ibulg{'d (<). C)') tl}an lwt'orv it narroxxrecl (l)f"= (J). 'l'his l)rov(is tl}at

th(i 1(tsat' has .g'roxvn in ])r(iadth during' tlie course of narroxving' and

rebi/ilgiirtf./.)', thotigh the ni.unerical diff(nr{/xn<.te do(xs not repr(is(`nt t'h(i

ainotu)t <')t' th{,} gtro]Lvth, f'or tha r(il)til..o.'ecl. I(vat' is mc)r(i lo{').sel>r shut,

t/'han 1')efor'e tliL(i nayroxvins)'.

               2. 1;'nXr(uit'(' (t!e ii7r/f'i' !>ilo !'li(' 21L('(l•/' {1•'afii7.i,

      .•Xs tl}e vel-inci o'f th{s ('avitv b{Ltxve(xn tl'Le lo]xis incr(:t,s{hs xvh(Ln

                   -
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t.lie leaf re5:1[..ves, i,vt,ttzc: nitust g'et int(r} tlLe cavity a$ the inoiLreiiLient

progressfis. I,i (>rder to determine throxis,h what route the wate•.r
enter.s, a narrowed ieaf x•vas put in a solution of phenol red and was
allox/red to n-bi.ilg'e in it. 'I"lne dye solution ltad cantet"ecl the cavity

when a half rebulged lecaf. Nvas exEtniined in pure water. This dye
nevey enters living cells, even' the two-armed hair cells which woiild

tal<e up various dyes and.stibstances xre-r.v easily. H.ence the dye,

solutlon must have come jnto the leaf cavity not throiigh
]iv.ing cells, but necessarily through tlae nai-row space betNveen
the one-layerecl reg'lons, xvhich is ancalog'ous xnyxith x•vhat happens

in the n:.trrowlng niove.nient, lit whlch, the warer is pressecl out by
the Saine route.

r,. Z':khe!'7!a•l'ibn ql`' "ra•Xfi•r /{trsils'ltui('(' b.y /)'ol'i"itg'

    IFhe x'elocity of the netrlroxvii'iL/4' inoveinent is linilted by tl)at of

the pressins,- oLit of the cavity xvater. In orcler to determine if xvhat

happen$ in the rebulg,ing niovement is analog'ous xvith this or not,
the r('tcovery process ot' t,he leaf (Fig. r)o) xvas observed, the resu]t]

being' plottecl in Fig. 36. 'I'he abscissa indicates the tinie afteir the

initial stimulation, io ho"rs being oniittecl botween 'Fig. r)o and the
pre$ent fig,`ttre, because the process in this interval is sknilar to that of

                                              the 2ncl-7•th l'iour

b
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'l'ime i" hotws
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-a o.s

 1--ig,. 36. Cotitinu;ttion of ]"ig,. 3o A, yepreh'entin/g, the re-

bulg{ng movement' Qf a perforated luitf. e, d, l} and Xl ',

as before

/L'

lii"

in IFig'. 3.s. Cl"he

brol<en line, IY..iX/',

ka$ the san3e
lllc)Exlrilllo' aS III      b
I;i g. r) o.

    IIIhe inox'e-
iiieBt is very sloxv,

until the bencli.ng'

of' the free-si cl e'

lobe reaclieis the

pore on the op-
posite iobe. Btit

a.s soon as xvatc.:r

is able to fioxv
freely into the
l< iaf c .a v ity ( I;i .g..

;,C}, ..XrfY'), the re-



      Stitdies on the Leqf f}`,filo•vemeizt of Aldi'ovanda wesiculosa L. -)3s

1)ulginsr is accelerated sucldenly. 11-his inclicates tlLat the le.af l]as

been striviRg?" to rebul.g.'e, but hy.s been litnitecl by sloxv in--
flbw of Nvatoi'. The inoxrement is, hoxiL'ever, yetard(id ag'ain. 'i'hc)

yebulf,.)'insr mechanism, i.e. an actiiL'e f)"roNvth of the inn'r epidermis,

fellowrs gra{.lually and l}enc(i the inove]nent is sloxv, iini{ted by

the pyo.c.rress. oi' the inechanisin itselt' , even if suflficient xv.'tt(tr

is supplied. 1)erhaps the seconcl acceleration of the niovenient incftN'

bo duo to an acceleratod active g'ro"rth, sli.(rhtly helped b.v th(i clastic--

ity of tlie cvert(td fr(i{i-side lobfi. A.fter a retarclation, the rebulg-k].g,'

goes on <iuicl<ly, acc()leratecl aE)'ain }.)y t'I}e. (ilcasticity oF the free-side. ]obe.

              -t. •S?titgin(r?'.i' (e/' tli(' /x'('bu•l.fJ't)!,gr f}:trof,('fmriiX,

     'l'he xrarious t'orins ot: yesistance to. th(t relxdging,' iiioven]ent are

$i}oxvn in 'i"able (,in ('otnparison ivitli the case of tke narroxvin.{.r niove-

ment. XVklk•, tlie na,rro"'ing' mov<inient tal<<is plac<i wh<in th<x thin-
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w,illed x'<Mr-v (Lxtetisi})le cells ot' tli(s outer epiclermis stretch tliemscik'es,

the r(Tl')i.ilging is carr,ied oi.it by activ(t g'ro.wth oir the inn(Lr epiclermis

xvhlch has rhicl< and less (ixtensil/,le xvalls. jX. nd xxThll(s, the stretc.liing}'

o'f the out{Lr {spicleymis, in tl).e t'ormer, is liarclly r(isist(icl by the. inner

'<i l)idermis, th{N g'rowth of the inner eli)id(srmis, in t'he ]attcxr. is oppos<icl
                                                                           ,1)y the oi.iter txvo layers. 'i'1}e ``internal r{ssistatitces" in the ta}i)l{,

indicat<•)'tl'iese f(iatzzre,s. Ii"he " e,xt(s.rnal re.sistanc(is " are two in numbei',

 olle CILI(i t'O tll(i Pl'(L.SSil]Lg' Ollt Ol' Sl.IC]<illS,.>,' ill Of XA,rat;(ir ft'OM OI' blto tll(i

leaf cavity, and one clue to tlie ela: ticity of the one-•lay(lired r<vE.rion ot

the fre(M--sid(L lobe. rl'he r<li})ul/ginsr nioxTeinent inay be sumn)ariz{,cl as

 follows:----rl'he movemeRt is caused by an active grrowth of tl)cts inner

 epidcrmis, at'id is h{ilpe.cl })y tJhe elasticity of the free-side lolxi to sonw

 ext{,nt, the extent 1)::ing' iticr<.sased as t]h(i mox'ei'i'ient clraws n{iar(sr t(.}
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its en(l (the s]]tit stage). Igs iL•'(ilocity is lin:titecl l)y th(v infloxv otl xvater

throus.'}'h the gap betxxreen t]]c pair of. Io.l')(,n.s. I'lei]ce. the piressi.ire in

the leEi.f ()avity is iiieg. ativ(ts xiL'hiie th(i niiovcsnient is groing on, ji.ist tl]e

reve,rse oi: tl]Le, cas(i ofl the narroxvki}g" mov<viiEi(snt. 'Btit ex'eii it' the

resist]anc(i oil' t]he "rater 'fl(')xxr is nti'Ilffi(/}cll, the inoN'en3c)tic i$ not acc(,"erat'ed

so niuch as the narroxvin..(.'r nioveinent i,s, 'for, as can be understood

fiiom Tal/)le 6, tlx.} rebulgin//.r movement must still overcome two othei'
1<inds of resistance (i ancl ii), "rhile in the narroNvinfr niovcinent there

is harcll>x any inore opposition.

                    '

                       b. .l<eopening IIoveniorrt

     It' .'t l(itLf is made to shut l)y a woal< stimi.i].tis, it i,vill r{/iopen

clirectly t)roni :he slLi.it sta.{.rc,t, iL}LrlLile iil' e..xcit(/)cl by a stirong' stintuli/is, it;

i-<.}(])pens,, t}.{rl']e.r nat'ro"ring an(.l re})xilging. I:lo,i,iLrever, cftccordin/i'}' to tl'ie

iLNrritcu"s e.xperie,nce, the reopening piroce.ss {/loes not differ iiit those t"'o

cases., except in the earliest' pl/iase of t.he. nioveinent., J.-"ig. 2)- 2/ sho"'ts.

an <,.arly phase. ot' the'foirmeir case, aRd IL;ig. r)s, the latte]r case, th(,}

'former }jeing reprc,sented by the margiti-clistance, ancl the latter by
the bcundtury-dis.tance. 1.'1ies.e g'raphs do ii.ot, as tL niatter o'f. c<)urse,

indic.'Lte. the iiriove'nitent of ctach (}f tl.Le ]ol)e.s separately. .l'n tliis resl,eictJ,

photosrraphic recording of th(.} nic>venient is s'tiperior t{.) nieasureniei'it

()t' thcli. nlEu;s,'I I]-c!istEulce.

     .In the folloxving paras.}'rttplis ttre described the inethod and ,reisults

of i'ecoircii!i.o,,.,' oii kyinogl'airias t'lne, reop(/kninf.},' n'iove.nrient froin the shi.it

stag<L' "rhich is 1)rou..(,,'ht forth by a xveal< stiniu]us.

                       i. flPI(w'alus a•u(l jtZTellio(l

     'I.'h(..i, apparett'tis i.isecl in r.eco' ir<!ling- thei quicl< IJ}hELs,(,'. of the shtittinsg'

n'iovenient (Ii"i.,(,r. 22) is a.o'ti.iiL i.isecl, nitodiliecl ii'i sonrte respe,cts ; tlie

proJ'ection iJEinp (p) i,s replaced by an orclinary 32-xvatt electric lanip,

qncl ti,ie ni>rograph (D) xvitl/t a l<ynios,raph, xvhile the tunin.(,.),'-l'orl( (T)

ancl the electrocles in the glass case (c> are ren]oved. 'l"o niarl< the
tJinie, tli(i} ar.,(.ron--tzil>e (.AL) is c.oi'inectecl electricall.y in series ]Lvith a cloek-

",vor]< nieclna. nisi:irt xvlnich cl o. s{,}s tliLe, circi.ii't eliL•'ery (}i.iart]{i}r' or half 1}our.

     :'Xn opo.n leaf is held in tl}e ttlEtss ÅëcasQ (c) just in the sanie

manne.r as in the. pres'ieus (]ase. Tke imaf;)-e of the., tips of the tNvo

lobes are. fo. c.usecl upon the druni of the kynio.o.,"rap, h, projected through

the slit (s).

     '[n ord(ir to bring' the leaf into t'h(.) shHt srag'e, a sort ot' stimulus
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xvhicl} CztxJ,iL (.'allecl `' Stossreiz" is used : if thci iobes of a leaf ar(.}

pressed together g'cntly t'roni both sicles Nvith a pair of pincers, tliey

react to the stiintili.is }/)y bctconiiiiL//r det'orn:tecl, ivhen tl}ey 2tttain ii.

c.ertain neai'ness.b XVith tliis method of stimulation. there is little
dE}.ng?`er <)f giving a 1{.sa'f inorci tha" tlie mininTiEi.1 {/')xcitation, 'for tlie. Iobe,s

('an j{vrk theni.selves aiLvay spontaii(ioi.isly froin the piirL(/){itte as soon as

tl}e.y rcEeeive thc) thresliold stkrtitili.is, even thoi.is.)"1} thc thresliold valti(x

mtt>r cl{ffer larg'e]>' xvi.th t}.}e leaf.

     .N() sooBer is the lc/iaf stiniivilatcscl than thc) clock-xvo/rl< ineichanisna

i.s startcxl, s[.) as to c',tus{.] tho tftrgron--tube t{) be lighted e.x'ery cltiartev

or halt' an hour af.t{Lr thu s.hutting- of' th<Aeaf. The lens of the. mic.ro-

scope is c,)ovcir(hd, aticl tt photo.c.rr,apl}ic fi1iitit is xvoi.incl rouirtcl th{.} dri.un

oti the k}TniLogrctph. IllhliLe.n, the cox,r<,,.r ot: the lc,}ns l}e.itiLg' tti.1<(/}n ()ff again,

thc} l<yn:iograph is start,ed to re.volve.

                                    2. A't'sit!l.s'

      '1'xvo of tlie kyn'io/{rrai"i"is ar{i shoxviii iii Fif,.),'s. 7 [).nd 8, .I.)l. iN. 'i'he

rec(')rcl sta,rt$ on tli<i left of the prkit. 'l'he xvhitc} naai'1<.s iml.)r('iss(`cl

along' the loxx'(ir n'tii.rsg'in shoxv exrery q}.i'art<ir og an liotir.2)

      ln tlw ca.se s.laoNvn in Fig. 8, the leat' }.)egins to r(iopeH about !.s

minutes after the shiitting', and it tal<e$ th(.ia 3o niinute.s more• to end

the ral)icl r<iopeninfr. I"ioxv(iN'er, the l{iaf is not t'i.illy ope•n at diis tinii(i,

ancl the r{'}opcjningir is c.{'}i]tinuecl very s.loxvl}r. ]t.Dven at the encl (r)'f th{s

1<ymograin, i. e.. s.s hotirs ttfter the stiinulation, the proc.e.ss is still

g'oingr on. fn the case of l.;ig. 7, the leaf be.gki$ to open about 2s
minut(ys after thc stiiztii.ilation. Cl'he cluick]]}r reopeninLg plias.e tal{(:'s an

hour or niore. the followinf,.),' n'i(./)i,Kiment goii]gr on nit(:}r<i yapidly than

 in the caso ef 'l;i.g'. S. 1i.i'ost ot' the reop(:}nins.r leav(Ns show a proc(Lss

lik<.r, t,hc one soen in this tifg'ur(x I'go'th of tl]e kymogrttms remincl us

 that -/olv to 6o9b oftl}c, rcopening processi.s finished in a
$hort time, but a vory lonf.r time is rcquired for tlm e. Icaf
to open 1:ull.v. 'l"1}e reopening movement plotte.d iH Fig". :),s 'irepre--

sfmts only the qtiickly reopeninf,..r phttse.

    i> 'l.'his form of stitnulus xvill be st{tdiecl mure cEesely in 1'tirt {l,

    2j In 1;is,,r. 7•, the intervals "'hich itve txvice aslont,T as the rest t'epresent haif lietirs. .ILs

 the gear.s of tht.L l"yn)os,raph "'ere not Nvell-]nacle, the t'otation ivas .son)eNvh{tt irre..oular an{l

 hence innuinerab}e parnlEel lines "'{tre hn!)]'essecl acyoss the print. 'XX'hun l;ig. 8 svas taken,

 un end of the thread of d]e screw wns jutting otit tkt Lhe lower extreinity {)f the axis of thc:

 cli;um, and lience the drum slio"'{:d a slif.Tht itp ancl {lown ipovement as iL revolved, printing

 undesirable notches alvng the curves.
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      CI;h{.iso kynio.c.}'ranis xvcre taken at about r).sO. Ii' the tc)inperttttu'e

is loxvct.r, tJl}e iiiiiove.nient iiit the. cL/uicl<ly reopeninf.r plias(i. i.s sloxxfer, and

t'ha sloxvly reopening pinase' do.c.s not pi'ogress "Tell. 'l.eave$ nevev be-
coiitite fi.illy opeR [i.t 2,iO or 1[)eloxv. 'l."he cas(i is ii.iitEtl{.)g-ozis ivhen a lettt'

.,c.,,;iroxv.s olcle.r, atricl henc, c) olcl<.}r leaxrc)s, o. pen less xs,ricl("y thEtn yoi.ing'er

ones. II'hese circunistances iiaetke an interestintg contrast Nvith tly')so

observecl in tlie slii.ititinf.?' iit'tovcTtnite.nt, in xx'hich caso, an),r loaf s.htits

coinpl(Lt{,ly uncler vewious cronclitions. Ilrke contrast is dticv ]arfge]y to

the diffeire,nce in th,e. antaf.r()nistie t'orce. of n()n-activc} ee]l.s,ju.st as th('

i"ci}:}uls}ln.(.,,' iiitovcma<xnt cliffc)rs froiii:i tliLci narroxx'ingr (ii in "l'al.)lcs 6, l).

2r)s). 'I)he opposition oÅí' the outer tNvo layers to the stretcliing of

the inner epiclerniis niay g'roxv niucii str(/)iigrer xvhen tl}e lea'f opens

very xvide,1>r. ].'ience tl'}e reopenin.g niovonient is niueh, r{itard(.i{1 a'ft(ii'

the le af hEi.s l)econ te 7o 9b -- 8o ?, b op {.in. .,41L i't cl ill' iR th at cat e th (.} t( ;ni-

porature, is not hig'h c,notis.rh, or it] th{.} leaf is o].cl, the force exerted

by the. groxvth of. the inne.r epiderinis cann{')t o. verc.oni(,t tha.t str<)nl)'

opposing' forcc}, ancl the leaf. wM sta), in a partially op{vn st'asre. On])r

very young leavos open "i'ully at hig'h te,nipertLtLn'es.

      Iiri 1.;if,,r. 8, I/'1. ix t•u:tcl Text-fig. r),;, tlie m(])veinc'/nt is a littl.e ac-

eelerat{hd jttst after its starting. Ilrhis may be clue to the. (ilasticity ot'

thcb inarg"ial t'old, l:)ecaiite a veiry youn//'r leaf, as iil IFig.r. 2s A, does

not shoiLxT stich (i. featur{a. This i,s ititorestin.(g', [ts t]}ci sanici. tl'orce hincler.s

the sloxv l)hase ()Åí the. shutting- movem(mt' o'i] a mat.ure leaf, xvhile it
        'is too xv(,i.al< t(i) exliLibit the, hiirtclerkif...:.' effe{/)t in N'er>r >rc}ung' le.av(xs (cf.

                                                           'l)• 2{3)• .
      IIn th{). nity<)g'raiais, the i.ippei; c.tirve.s z'cl)res.ent th{., i'tiov(iment o'f

the 'free-side Iobes. Th('.i two 1ob. es nioNre nef,tr]y syinmetricall)r,
tliLo, ti,.`,).'ifl thc, 'fr(,}c)-s. ide lo}:)e iEitoves, in a .g'reEi.ter niEeasure, as. xv{.)tikl nat-

u't-ti.11y bo. ext.)ec't(i./d th-oni the niode ot' the sliLi.'tttiRg' irtioven'tcmt.

                                       Summary

      i. .,•-X.n inf.usion ot' cleacl leaves and stcinis

tt iL•ie.ry suital)le mediuin foi/ the ctiltiiL•i•tti{.)n {/)'f z

      2. ,S.S(/.)llll{,>. (lefi11itiOllS al'(}, .{.)'iX'Cill fOl- XrEll"iOl.IS

pl}ases of tliLe n'!oiL'<Linaent :

      ijettf{/;iil,' vff,illl,(l"'2';t,11:.0i2`,)b,i (!" '"'>

oE some helopl-}ytes is
-•tl(/i'oz,an(la (l)• iA-7)•

 parts. (')'F the l{iaS ancl
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                                       77!t' !'i!/lol(/("(1 7'!'m

             7'/!ii o7ir'-1(r.i,r'rr'(l rr'.q'!??n 77!(' .t,on(' q/'quatlr('/Z(l 1!(r!>'s (p. i ,so)

                                       .7 '17r' /!(u'rl('s.v .::oii('

     T.o.1)e 7"fk' t'n('los!!rt"-boumfia•71y (p. i,lo)
                                        '/' '/!(• t/('ns(•l.y--srlaiul('(l ,:oitvr

            77if' fltr('('-la.tv'rt'(b'i'.e/bii .7"12t' s!5ars(i4y:grltrn(1('(l f:pm' (p. i s{)

                                        771(• 111!}l(!ft' .'T'ofl('

ll"hc-) ]{i,af nlov(illl<il]t :

      'I'}l{i closinf.r mevc'111<`11tS (1). 157)

             1.'Y,,(r sf2uZl!'f!.,gr ino7,("iiit'n! "--)- 77t(' sl!uf• sf(i,g.]'(' (1)• is,s)           ( 77!(' na77'o7c,1'71.gr 117o7,('111('11f - 7'1!(' 12rll'1'p7c,('(?' s!(r,<,?' (IS. I s())

                       t.      'l'h(i r(i(ltovr(,rir n]os,'eM6{ltS <P• !'57)

            '           {            7.'7!c rt'o)6vni-i2.gr 7noz,(.'nit'iiX- 77!(' o!5tin sXa.gt' (p. is.s)

            7"1ig' re'bulgr!'n.gr m.o7.'('im'll.! - 77!t" shul sfa•,.o'f.r

                           I. IIIie niotile zon(v

                                                                     '     3. I''}c')th t'he shi.ittins.v atid tih(t narroxvinf,-!..' movenient (Lr(v cci.us(id

by 1)enclingr of the. Iob(xs, at zon(is {'a. o.i,s-{').2,s nini. from the niidi'i})

nn bot}i si(1{}s of it (p. i63)•

     Li. rl'he. n:i('}til{x zon('t is' c.lui.ractieriz{-cl by th(,t tin<lu]ation of i'ts outer

sm"face (p. i6}.s), [i.nd th{L ext](snsibility (pl}. i6('}-7) and pc)rn'iea})ilit.v

(pp. i6S-{g> of ghe ceH Nva]ls.

     ,{. 'ln the inotil(v zon<i, tl)e outermost wala is tl]e most (Masily, the

out{tr sv.lxil)id(:'mEi.l xvall less, ti.i:id tl}(i xvalls oi' th(i inn<ir epid(lirmis th(t

1(iast (iKt{insi})Ie. as d(,terniine(1 b.v tl"i acol'one tr(iatment (p. s67).

     c}. 'l"l)(t l('>1.x.is arii abl(i t'(') i.)t.ind t.o a irar f.rreat'(,i" (".xt('nt tl]an th(tv

shoNv in th:s nattira.l case of tlie, narroxved stag}'o (l). i6r)), the t'r{yi-

si(le lol)(i having th{t p(/)w(}r to 1)ei'i{/1 niore than th{i other lol)t'L (p. i(r)4

and l;i.g.. ii).

     7. 'I"h<i m,li,til(M zon(i oir /)ibnaf'a 1(iii.v(!s is also cletcu"n'iin•{}d (Iigr.

i5)•

                      ll. The shuttinf.}' n:t<'ehctnism

     8. 'l."l}e shuttinf.r mox•'{inient is etzuscxl n(iither by d<xnrea$e in th{i

thic]<n(,)ss ot' . the lobcs (!). i7.l), n()r by itiicrease in the ttirtg'or ot' any

c(xlls (p. i76))•

     g. .X t'h{Lery of tlie shutt'inf.r me<Nhanis'm is proposcid (})p. i76-8):

XXrhen a ]ea't'. is stimuaated, the. inneir (.!pkl(srmal cells re.act ancl lose

their turEro'r, an(I alloxv the out{.n' txvo lay(irs t() bend the lobe <to shut

the leat).
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     io. I'n the .Z)i'o),ia•t'a• leaf, the l:,arench-xrma takcts th{/". ir61e of tJhe

outer t.xvo layers of, tl](:'! x•IIIt?rro7t(uitla• leaf, tl}e outeir e. piderni{s of tl'ie

irormer xvorkins.r ratl}er to hin(kir th<'• nioiLrenient (1i}. itSo).

     II. (ÅÄU':'i'IINBI,)I<G's llQti()11 is cl"itic.iL"()cl (P. I8o ff.).

     i2. XVhen the .•Iltlrm,(r•i2(la• (ancl l)ibnara) leaf shut's <.}r naryow$,

its outer (loxve.r) .surface is irreversibly stre.tc.hed (pp. i8" ai-]cl igs).

'I'he otiteir <loxver) cell xvalls of youn.o' l(iav(ts, hoxvev{ir, contract] t'o

$ome extent if clebydratecl (p. i8s)•

                    'l.Ir. The,. n,aryQwin,,o,' nw()litRiiism

     i r>. rl'he n,"trroxvin/g niovenient of .'lltl•ro7,rz7i(l<r le.aves is cause.d b. y

an inc.rease of turg'or, and hctBc,e aH a<)tivc) elong?'ation of th.e. out',er

(spiclei`mal c(ills (p. ic.3). I?our evidences (a•,b, t; and (L pp. i88-ic)L;)

Itlrct f)'11v'en.

     i". 'lhlie wat/.er neecl(.}d 'for the narro!ving' n'iox'enient is sulr.>1ff)li(L(l

inostJl.v throi.i..o'lL the outer sui`fac() (l). fgs)•

     i ,g. XVhell .'ild7'o7ia•ntZa leaves narroxv, onlsr th(i fre{i-si(le lob(,s are

evert'ed. 'l'hc.i. cause ls shoxvi} (p• i9s)•

     i6. Zl'he na. irroKvintg niovc. inci.nt of ?r)!??na(ia• leave.s is caus.nd by f'Ln

increase iR turg'or of thc} sxxrelling tisstie. in the lob{is (1). ig;).

     i7. II"lzL(rt. infiexion (')f .ZL)ros(ir(T. tentacles is Ei.nalo,o.'otis to tl}e ntur-

roxvin..(r (not the shuttins.)') nioveinept of /,'iZdrp7,(x•ntftx and 7)/o7zai'a jeELves

(1)• iq5)•

     i8. The midrib of an .-•Iltli'o7.,(r-/!da. Ic.Lal' l}as a x•r('srv wc'ak force.

enac blingr it to g. traigliten it,$elf in tho. tursrescent conclition (p. ig8), but

it is {iasily curved by the lobes xvhen the leaf niovcts.
      ic). Il'li.e n"tidrib nf a .!)i?via(ia le.ftf is cl</)stine.cl. to be uncurN,ret..'l, l'}y

a ttu'f,,?,'or t'orc,(-.i. of tl:te par(incl:iyniEi. xvlTiich lies ullcler tl]e. coirtdti{-tinf,,),'

bunclle (p. igg), ,xncl he.n()e it does Hot proinotcts th(i l<,iaS niov{,ni(Nnt as

BAT.ALIN maintELills (p. 2oO).

              I'Xi. ?tf<ic.hanisni ot' th.o recove.rv iiiove,nients

      2o. Tlne reope.nins.r and the rebulginsr niovctme,nt ef .•lltl.rofiantla•

 and .l.)/bna('rx ie.'Lves a,re caused b}r ,a transvcsrse g`roxvth of th(i inner

 e.pidel-lllis (pp. 2oo-I). '
                        '
                       LX•'. Il"he Ehi.ittiiif,,?,' m('>V(.iM(''i]t'

      2i. '1'1}e, s.lnuttin..(r nioven'ient of. .fll.l(l7'o7,(ui(l(x• le.aves is, croinpo, se,d

 of the quicl< l.z,l/iase (Irif,,},'. i-,l. 'i)1. x) ancl the slo"r 1>lias(s ('I'ext-f'igs.
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2;), 2a A and 2)- tx). .Xt noi'inal t("niperature$, the (luick phase ]asts for

i/ioo-•t/,i•.-.) see,., the moveniient oÅ}' the ]obe iii,ar.,c.rin 1Lav'inE,.r a vel</)cit)tr

of 6-i6cm./scie. at the (lui(Jk{Nst ii]stELiit ot' the shiittiiisr (pp. 2o6-7).

     -7H7. Tl)ci txi,'o lc>bes of a l{'taf shoi,v aliitiost the sEi.nLe latene period

and sl}utting- pro<"ess (pt.). 2o6 an(l 2o7).

     23. 'l'he shuttinfr t'orc(i is m()asure.cl witli silica dynamometers
(P. .)- I 2).

     2g. Shuttin//r f('>rce of 'a ()<n'tain streng'rth. is procluced at the in-

stant Nvh{')n the lateiit periocl is over, aRcl (loes not chang'e until it i$

increasecl sp(rondairily a little by the sLicl{ing' in of water b.y the outor"

cs pidermis (Fi.grs. 24 J] and 2sB).

     2,s. I<is<is ttnd falls in the x'arious t'omns ot' r(-,sist-ance in the

shutthifr movem('mt are given in Tal)le 2.
     26. 'l'he inas.>`nitucle. oi: the shutting' force varies xvitln the afge of'

th(x l{iaf ('l"abl(, r,), the inarfrin distaRce CIAable g), the teinperattire (p.

2i(.}). an(1 t'he intrensit.],r (')t: trho ttii:titili.is f,).'ii,'(xn (Table .r-)).

                   X'l'. Tlie narrowinf.)" movc).ment

     27. 'l"he relations a}nonfa' tlx"L xxrorl<infg" force. (ineasure(l xvith silica

{.lyittl.lnonleter), t'he r(:sl.lltil:lg ntoxrenlelllt El.nd tlle r{isistEcl.llc(is il]terx'(illitl.o'

})r-t"reen tke.in ara stHnniai'izod i- Fi.g)'. r)2.

     28. 'XNXIien the narr()xving' nicven}ent pro, ce.chd.s, the xvater in the.

](iat' cavity is press<xl out throu..cr.h the contact sLirface ot' the on('-
la.v(ired re,g'rions of tl.)e lobes, ovorconiin,g)- the sti'onf.}'. resistancc- (pp.

222 and 226). .
                      X'II'. 'l'he re('overy proces.s

    2g. 'I"l]e c.ourse of tli" r(ibulgrinfr inovenient is a rev(irsal of tl)at

(' )f th(N, narroxsLring,, thoi/igh it proceeds n"tore sloxNL'ly (Fig.'. c)s). Iilui

moveinant is ]imitccl by the veiocfty xvitlx whicli wateir is sucl<od ii]t(')
t'h(i l(Å}af cavity (p. 23D') thi'oi.i...,ol] tl}e line ot' Åëontact of tliLe one-lay{ired

r(ss.}`ions of the lobctss (p. -.,3"), })Lit the niechttnisni itself, too, proceeds

sl{/)"'ly (p. 23),{)•

     3o. 'l,"he re.openingr naove.nient piroceecls rouf'rhly as sloxvly as tlie.

re}/)nl.c)-iti.o,' niovci}ient, l/zit is niuch ir(,}.tarcled xvhen it conies. near {ts end

(I;if.r. 8, Pl. i.x and p. 2c)-,>. Leaves cannot r(iopen fully if they arfts
old. or ig tlie teinperattire is not hi.g,'1] enouf)'h (p. 2e)S).
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                               Explanation of PIates

                                        ]1'late 'IX

    l;ig. i. (.)ptic:il cresb'-scction ol' cells in tbe niotile zJne, tlx: lol}e l)uint.i, I'oic'Ied sh;trply

ttnt!er the cover {,la.s's, the outer epiclennis outside, Å~ i6o

    l;ig. 2. 'l'he l)acl" vieNv ef ttn open lu:Lf <cf. 'Vext-fi.g, 7 .•X.) in tL ditrk tieid, thcxtfr centain-

itig intercelltilar spaces retlectinf,T, lis,ht, ll'he mar/ginal l.)riy,,ht arcs, ancl t]ie dark one.g on
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the iniclrib sides of thein, indicate that the sttrface of the ieaf is undulttted Ni'ithin tliosc

zonal pot-tions, and represent tlie localization of the inotile zones in the Iobes. Å~ig

. Yig. 3, tXrrangenient of the blisters raised by acetone, indicatlng the seat uf the niulUe

zel)(/, Xl2
     I;it.r,. t}. Blisters raised by acetone ttpvn the tnotiie zone of the frce-slde lobe. Å~ 3S

     JSiL,, rb. .-X. I]lister raised by acctone n)agnii"iecl, x i'6o

     lrigr. 6, ll]he niotile zone in 11"ext-fig, i4 niagnil'ied, inclicatin.cg tliat the cells are colouvcd

n}ust darkly at the ends nearer to the dat'l<est part. 'l,'he miclrii) side is on the ris,ht. Å~33o

                              /.     I"igv. 7, jX,. I"yrriograTn of the reopenins.,, nioveinent of a leaf <fvoin "rhurl .N'o, [Xr) at

3sO, IVIie svhite marlcs alon,g the loxver margin sl]ow quarter or half(Å~> hours, the hotn's
bcin/.T indicate{l belo"t.

     Fig, 8. i'X. It'ymogramol' tlie reopen{nt...r moven)eiit of a leaf (t't'om Nvhot'1 No. I])at 3s".

c'g'he notchÅës on the curNres are dtie to a defect in tl•ie pedestal of the k"yniosrrapl] used,>

                                         I'late X. L'

     .t;i/..Js, i-5. LXI,yogrtnns v(:cordillL..s the h'hntting ]noveti)t:nt ol' .lltlrof'antftt le;tves, thc

losver citrve ot' each rcspresenting the free-side Iobe. Il.'he piteh ot' the sinc curves corresponds

to ilso sec,

    ]"ig. i, Xivrhori No. II, at 3oO, shosvinL.T. ['he nomiiaL inoveinerit. 'Vhe quick phase

be.gins ;xt cq and passes to the slo"' ph:tse :tt b,

    Fig. 2. 'XVhorl No. II, ttt 270. IL"hc` eritical pvints (t and b in 1;i/,,r. x tLve iiet strictly

(lt:termined. 'Vhe Avo ]Qb:s do not move quite symn)etrically.

    1;ig, 3. NV'horl No. 'VI, at i,ee.

    J:ig,. 4. XVIiorl Nro. 'LJ', at' 270, showin/g a s.tepsvitie movei]}ei" Ca.-t'-b>. Il'he undiElativn ut'

the leaf in tlie siow phuse is cttused by an asyn)metrical pressing otit of water by Lhe lobeb'.

    .Flg, s, iLiv•'hori No, '[, at 2'i"O, sho"tingr a lon/...r pause <c--c'> iTi lhe qu{ck phasc,
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